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1.0 INTRODUCTION

1.1 Purpose

This report was prepared by Montgomery Watson Harza (formerly Harza Engineering Company) for
the U. S. Army Corps of Engineers, Omaha District (USACE) under Contract DACW45-94-D-0044,
Delivery Order #015. The purpose of the report is to describe results of field sampling and
associated activities conducted in spring and summer of 1997, during a supplemental remedial
investigation (RI) at the lowa Army Ammunition Plant (IAAAP), Middletown, Iowa and to provide
an evaluation of basewide groundwater conditions and potential groundwater/surface water
contaminant migration pathways. The supplemental groundwater RI augments and addresses data
gaps in a previous RI completed by JAYCOR (1996) and presented in Revised Draft Final Remedial
Investigation/Risk Assessment, lowa Army Ammunition Plant, Middletown, Iowa. A Baseline Risk
Assessment prepared by ICAIR Life Systems, Inc. is contained in the JAYCOR report (Volume 11).

This Supplemental RI Report was issued initially in draft form in December 1997 to assess and
define appropriate remedial requirements at multiple sites. Review comments received from
USACE, U. S. Environmental Protection Agency, Region VII (USEPA), and IAAAP were addressed
and consequent activities were planned and implemented, as appropriate. However, the draft-final
report was never reissued. Data derived from the subsequent activities has been reported separately
and is outlined in Section 1.5 for general reference. This report is intended only to document the
1997 supplemental RI activities and results.

The work conducted in the 1997 supplemental RI was organized in 16 tasks addressing specific
and/or basewide data needs. The work was completed in accordance with final project work plans
dated April 1997 as approved by USACE and USEPA. Section 1.0 of the report provides site
background/history and project details/task objectives. Section 2.0 outlines investigation methods
with reference to the approved project work plans. Section 3.0 details results of study area
investigations for each of the 16 tasks, including physical characteristics and results of sampling and
analysis in the individual study areas, where applicable. Section 4.0 summarizes the physical
characteristics of the IAAAP installation, drawing upon data collected in this supplemental RI and
reported previously by JAYCOR (1996). Section 5.0 discusses the nature and extent of
contamination based on findings of this supplemental RI and data reported previously by JAYCOR
and by Mason & Hanger (American Ordnance), the current facility operating contractor. Section 6.0
discusses basewide contaminant fate and transport drawing upon information presented by JAYCOR.
Section 7.0 summarizes findings of the Baseline Risk Assessment prepared by ICAIR Life Systems,
as they relate to groundwater. Section 8 provides a summary and principal conclusions, both task-
specific and basewide.
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1.2 Site Background

1.2.1 Site Location and Features

The IAAAP occupies 19,127 acres in the town of Middletown in Des Moines County, Towa (Figure
1-1). The IAAAP property is bordered by U. S. Highway 34 to the north, upland agricultural farms
to the east and west, and the Skunk River Valley to the south. Surface topography is characterized
by flat to gently rolling uplands dissected by entrenched streams and rivers. Approximately a third of
the IAAAP property is occupied by active or formerly active production or storage facilities. The
remaining land is approximately evenly divided between leased agricultural usage and woodlands.
General topography and site features are shown on 1-2.

1.2.2 Geology

The IAAAP is located in the Dissected Till Plain section of the Central Lowland Province of the
Southern lowa Drift Plain Region. The site is underlain by a sequence of unconsolidated deposits of
Pleistocene age overlying sedimentary bedrock units. The glacial tills consist primarily of silty clay
and clayey silt with thin sand seams and lenses and are assigned to the Kellersville Till Member
(Illinoisan Age) of the Glasford Formation of southeastern Iowa. The tills extend to depths in
excess of 100 feet in portions of the north half of the IAAAP, but are thin or absent locally in deeper
stream valleys in the south, around Mathes Lake, and in the northeast. The bedrock underlying
IAAAP consists of a sequence of limestones interbedded with varying thicknesses of shales and
sandstones, ranging in age from Cambrian to Mississippian. The uppermost bedrock unit beneath
the site is associated with the Mississippian Osage Series of southeastern Iowa, composed
predominantly of cherty limestones interstratified with minor amounts of shale. The Osage series is
divided into three members: the Warsaw Formation, Keokuk Limestone, and Burlington Limestone.
The Warsaw Formation consists primarily of blue-gray calcareous shales, fragmental, fossiliferous,
dolomitic limestone, and calcarenites.

1.2.3 Hydrogeology

In Des Moines County, lowa, there are four principal aquifers: glacial drift and bedrock aquifers of
Mississippian, Devonian, and Cambro-Ordovician age. The uppermost aquifer is a discontinuous
surficial aquifer of unconsolidated loess and glacial till, with thin fluvial deposits of Pleistocene age
in the stream beds. These occupy the upland till terrace and are predominantly clayey glacial tills
that exhibit low hydraulic conductivities and yield only small quantities of groundwater to wells.
Depth to groundwater in the drift is generally less than 10 feet and shallow groundwater flow
parallels surface topography. Groundwater discharges to the more deeply incised surface drainages
(e.g. streams) with additional discharge downward to deeper drift sections and the bedrock aquifer.
However, low permeabilities in the drift restrict downward flow. Recharge to the drift aquifer also is
slow and is derived from infiltration of precipitation and, perhaps, inflow from adjacent areas.

Information on hydrogeological conditions in the bedrock aquifer underlying the drift is sparse.
Generally, groundwater in the limestones would be contained primarily within open bedding planes
and/or joints and flow would be expected to be influenced by the presence and orientation of these
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features. Also, it is common in the upper midwest for much of the groundwater in these bedrock
units to be found in the more fractured and weathered upper sequence, just under the drift. Where
this is the case, the lower drift and upper bedrock aquifers may comprise a single hydraulic system.
Sitewide, available groundwater levels suggest that overall flow direction in the bedrock is to the
south and east, toward the Skunk and Mississipp1 Rivers.

1.2.4 Surface Water

The IAAAP is drained by five water courses, delineated on Figure 1-2. Little Flint Creek drains a
small area in the north of the site. The rest of the base is drained by, west to east, the Skunk River,
Long Creek, Brush Creek and Spring Creek. Long Creek is a tributary of the Skunk River, which
flows to the Mississippi River. Brush and Spring Creeks are tributaries of the Mississippi River.

1.3 Site History

The IAAAP is a government-owned, contractor-operated facility. The operating contractor is Mason
and Hanger-Silas Mason Co., Inc. (now American Ordnance) under the command of the U. S. Army
Armament, Munitions, and Chemical Command (now operations Support Command) Rock Island,
Illinois. Production of ammunition items began in 1941 and the facility remains in operation.
Production activities at IAAAP currently include loading, assembling and packaging of ammunition
items, including projectiles, mortar rounds, warheads, demolition charges, anti-tank mines and anti-
personnel mines. The loading, assembling and packaging operations use explosive materials and
lead-based initiating compounds. Wastewater generated at various plant facilities and effluent from
plant wastewater treatment plants are discharged to surface streams under provisions of a National
Pollutant Discharge Elimination (NPDES) permit. The munitions production at the JAAAP has
resulted in contamination of soil and groundwater and discharge of wastewater containing explosives
and explosive by-products.

In 1980, a Preliminary Assessment and Site Inspection (PA/SI) at the IAAAP was conducted.
Pursuant to the Resource Conservation and Recovery Act (RCRA) Hazardous and Solid Waste
Amendments (HSWA) of 1984, the USEPA completed an assessment of the facility in 1987 and
reported that releases had occurred. In 1988, a Federal Facilities Compliance Agreement was signed
by the Army and USEPA. The IAAAP was subsequently proposed for the National Priorities List
(NPL) and, in August 1990, the installation was placed on the NPL with a Hazard Ranking Score
(HRS) 0£29.73. In 1991, a subsequent PA/SI identified 40 sites of possible contamination. Of the
40 sites, 33 required further studies and an Interagency Agreement between the Department of
Defense and the EPA was negotiated, dated September 20,1990. Under the agreement, the site was
to be cleaned up under the Comprehensive Environmental Response, Compensation and Liability
Act (CERCLA). The permit allows RCRA and CERCLA activities at the site to be coordinated
(EPA National Priorities List , USEPA, Office of Emergency and Remedial Response, 3/36/97,
0700413n.htm and Fact Sheet: Jowa Army Ammunition Plant, EPA, Region 7, USEPA, Nov. 1,
1996, http://www.epa.gov/programs/artd/rcra/ factsheets/iaapfs.html).

In 1992, Remedial Investigation and Feasibility Study (RI/FS) activities began. In 1993, the
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installation completed supplemental subsurface soil and groundwater studies for the RI/FS. Results
of the RI were documented in the report Revised Draft Final Remedial Investigation/Risk
Assessment, lowa Army Ammunition Plant, Middletown, Iowa (JAYCOR, 1996), which included
results of a Baseline Risk Assessment prepared by ICAIR Life Systems, Inc. Harza was contracted
by USACE in August 1996 to perform a basewide hydrogeologic evaluation at the IAAAP, based on
the JAYCOR report. The purpose was to identify data gaps pertaining to groundwater, and
recommend studies to address the data gaps. The 90% draft Basewide Hydrogeologic Evaluation
was submitted in November 1996 and, in late 1996, Harza was contracted by USACE to conduct a
supplemental RI aimed at addressing the identified data gaps. The final Work Plan and Sampling
and Analysis Plan was submitted in April 1997 and field work completed during the Spring and
Summer 1997. Concurrently, the soils FS was completed and several removal actions were
completed or initiated.

1.4 Objectives and Scope

1.4.1 Basewide Objectives and Scope

The overall objective of this study was to obtain additional data on site geology, hydrogeology,
surface water, and contamination and to evaluate basewide groundwater conditions as they might
effect site remediation. Principal emphasis was placed on identifying and evaluating off-site
migration pathways for contaminants generated within the site. Thus, the data collection activities
focused on the groundwater and surface water migration pathways. Additional emphasis was placed
on obtaining supplemental data at specific locations within the IAAAP to assess potential impacts on
soil, groundwater or surface water. Results of this study supplement and draw upon information
provided in the Draft Final RI Report (JAYCOR, 1996), which is referenced where appropriate.

1.4.2 Task-Specific Objectives and Scope
Field and laboratory activities conducted during the supplemental groundwater RI were developed to

address data gaps identified by USEPA, USACE, and Harza based on review of the previous RI.
The general types of field and laboratory activities completed at the site are as follows:

¢ Field surveys, reconnaissance, and geologic mapping

e Completion of borings in soil and bedrock

Installation of monitoring wells and piezometers

Installation and reading of mini-piezometers

Installation and reading of stream flow meters and a rain gauge
Field permeability tests

Direct push (Hydropunch) groundwater sampling

Sampling of soil, sediment, surface water and groundwater
On-site and fixed laboratory analysis of samples

These activities were implemented in a series of 16 tasks, each scoped to address one or more
specific data gaps. The 16 tasks are listed below:
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Task 1.  Evaluation of available NPDES data.

Task 2.  Groundwater monitoring well inventory

Task 3. Basewide groundwater level measurements

Task 4.  Resurvey existing monitoring wells.

Task 5.  Hydraulic integrity review, existing monitoring wells.
Task 6. Ammunition Box Chipper Disposal Pit.

Task 7. Sediment and surface water sampling, site drainages.
Task 8.  Mini-piezometer testing, Brush Creek.

Task 9. Stream flow meters, site drainages.

Task 10. Aquifer pumping tests, Line 2.

Task 11.  Soil and groundwater sampling for VOCs

Task 12. Additional groundwater data, Line 2.

Task 13. Additional groundwater data, downstream reach of Brush Creek.
Task 14.  Additional bedrock topography data.

Task 15. Evaluation of vertical hydraulic gradients.

Task 16. Additional groundwater data, Line 3.

The background, rationale, and scope of each task are outlined in the following sections with
reference to the documents: Basewide Hydrogeologic Evaluation, lowa Army Ammunition Plant
(Harza, 90% draft, November, 1996); and Final Work Plan for Site Groundwater Investigations,
lIowa Army Ammunition Plant (Harza, April 1997). Methods are discussed in Section 2.0 and
findings of each task in Section 3.0. The locations of general investigation areas are shown on
Figure 1-3 and specific locations are discussed and illustrated in Section 3.0.

1.4.2.1 Evaluation of Available NPDES Data.

Discharges from site facilities permitted under NPDES contribute to contaminants entering streams
and are important in evaluating potential off-site migration of contaminants via surface water.
Discharge data is collected by JAAAP and reported to the State of Iowa, but had not previously been
evaluated to determine to what extent, if any, current or past discharges contribute to contaminant
loading in the streams. Such an evaluation was necessary to determine the extent to which
groundwater contributes to contaminants in the stream and to help assess the degree to which surface
water constitutes an off-site migration pathway. Existing data on the discharge system, changes over
time, precipitation, discharge quantities, and testing results since monitoring began were obtained
from IAAAP and the State of Jowa. The data were limited to the period 1986 to the present,
generally reflecting present plant operational conditions. Therefore, prior conditions representative
of greater plant activity and contaminant release could not be evaluated directly. The average
monthly flows and concentrations were tabulated and then the mass loading introduced to the
streams was estimated and compared to stream flows and results of surface water sampling. The
relative contribution of NPDES discharges was computed, compared to total stream flows
determined in Task 9 (Stream Flow Meters, Site Drainages). Details and results are provided in
Section 3.1.
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1.4.2.2 Groundwater Monitoring Well Inventory.

Several hundred wells have been installed at IAAAP over the years for various purposes. The
accuracy of existing well inventories was questionable, the condition of some wells, particularly
older wells, was unclear and some wells may have been mislocated. Therefore, the objective of this
task was to update existing well inventories and identify wells which may be available for
groundwater monitoring or which should be replaced or abandoned. Well data available from
TIAAAP were reviewed and known wells identified. Records and maps were checked to note
discrepancies or inaccuracies. A field survey then was conducted to inspect known wells and
attempt to locate missing wells. Well location maps and inventories were updated appropriately. In
all, 335 wells were identified as potentially existing at IAAAP, including 25 installed in this
investigation. Attempts were made to locate and inspect each of these wells. Of the total, 57 wells
either could not be found and are presumed to have been abandoned, or were determined to be
unsuitable for monitoring (e.g. water supply wells, gas probes, etc.). The well inventory is discussed
in Section 3.2.

1.4.2.3 Basewide Groundwater Level Measurements.

Accurate analysis of basewide groundwater flow at IAAAP required that groundwater levels in
existing and new monitoring wells be measured within short time frames. Previous reported data
tend to be site-specific rather than base-wide, do not utilize all wells, and were made at different
times. These data, although relevant to evaluation of flow in local areas, could not be used to assess
basewide hydrogeologic conditions. Therefore, the objective of this task was to obtain a "one-time"
set of groundwater level measurements sufficient for evaluation of site and basewide groundwater
flow and assessment of existing monitoring programs. To this end, one (1) round of groundwater
level measurements was made in a total of 263 existing and new monitoring wells, observation
wells, and piezometers during the week of May 19, 1997. Measurements attempted in some wells
were unsuccessful due to various problems with specific wells, which were noted on the well
inventory. Measurements were made using electronic water level meters, decontaminated between
each use. Measurements were made relative to the top of casing or, in the case of wells with
dedicated sampling pumps, the lower edge of the pump mounting device. Prior to measuring water
levels in each well, a photoionization detector (PID) was used to measure total volatile organic vapor
readings in the well casing. Basewide and local groundwater elevation maps were prepared for the
drift and bedrock aquifers, from which groundwater flow patterns, occurrence, gradients and rates
could be evaluated. Results are discussed in Section 3.3.

1.4.2.4 Survey Existing Monitoring Wells.

Survey data available for existing monitoring wells had indicated errors or inconsistencies in some
well elevations and/or locations. Reliable and consistent elevations and locations were required so
that data from the monitoring wells could be reliably interpreted and used. Therefore, the objective
of this task was to obtain current surveyed elevations and locations on monitoring wells throughout
the IAAAP. Existing wells identified in the well inventory were resurveyed by American Surveying
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Consultants, P.C. (ASC) using Global Positioning System (GPS) methods and traditional survey
methods. Surveying included elevation (ground and top of casing, or lower edge of pump mounting
device, measuring point) and location (state plane coordinate). New wells installed in this
investigation were surveyed concurrently. Results of the resurveying are discussed in Section 3.4. In
all, more than 300 existing and new wells and piezometers were surveyed and new data entered in
the well inventory.

1.4.2.5 Hydraulic Integrity Review, Existing Monitoring Wells.

Many existing monitoring wells at the IAAAP are not routinely used for sampling, but may be
valuable for groundwater level measurements. The well inventory in Task 2 (Basewide
Groundwater Level Measurements) was designed to provide a current listing of wells and
piezometers potentially available at the site. Since some of these wells had not been used routinely,
no information was available as to their integrity and, therefore, their potential usefulness.
Therefore, the objective of this task was to assess the hydraulic integrity of selected existing
monitoring wells that might be used in on-going basewide monitoring programs. Based on the well
inventory, a list of 28 wells was developed focusing on: older wells or wells not used for long
periods; wells of questionable condition; wells to be used for long-term monitoring; representative
base locations; wells for which historic groundwater level data appear anomalous, and wells
representative of the principal aquifer units. Short term field tests of the slug type then were
conducted and the test data were plotted and reviewed to assess the hydraulic integrity of the tested
wells. The principal determining factor was observation of water level response during the tests
which would indicate hydraulic communication between the well screen and the adjacent aquifer.
Results are presented in Section 3.5 and were incorporated into the well inventory, identifying wells
suitable for use or which should be abandoned or maintained.

1.4.2.6 Ammunition Box Chipper Disposal Pit.

The Ammunition Box Chipper Disposal Pit reportedly was used for disposal of shredded
ammunition boxes, which may have contained residual explosives. Several previous rounds of
exploration by others, including borings and surface samples, failed to locate the pit or demonstrate
significant contamination. Interviews with past employees reportedly have resulted in conflicting
information regarding the location or existence of the pit. Therefore, the objective of this task was to
delineate significant subsurface disposal areas, if any, and determine whether groundwater has been
impacted. This task included a review of historic aerial photographs followed by groundwater
sampling. The review did not identify clear evidence of any past disposal. A set of groundwater
elevations was measured in the three existing monitoring wells and indicated that shallow
groundwater flow at this site was nearly due south. Based on the direction of groundwater flow and
the location, if any, of significant past disposal areas, one direct push groundwater sample, six
temporary well samples, and samples from three existing wells were collected during June 16
through 18,1997. The general study area is shown on Figure 1-3. Specific sample locations, depths,
and results are discussed in Section 3.6 and were placed within, upgradient and downgradient of the
suspect area to determine whether groundwater has been impacted. Samples were analyzed in the
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fixed laboratory for explosives and semi-volatile organic compounds (SVOCs).

1.4.2.7 Sediment and Surface Water Sampling, Site Drainages.

Previous sediment and surface water sampling provided information on surficial sediments along the
principal drainages. However, no data were available on the presence of contaminants at depth
within the sediment sequence, some key locations had not been sampled, and recent samples had not
been obtained in many areas. Therefore, the significance of the streams as historic or continuing
migration pathways was incompletely understood. The objective of this task was to further evaluate
site streams as historic migration pathways and/or as continuing sources of contamination and verify
whether they act as the primary off-base migration pathways. Appropriate sediment sampling areas
were identified initially from topographic maps and verified in a field reconnaissance. Sampling
areas included those which, based on morphology, were judged likely to contain sufficient sediment
thicknesses for meaningful sampling with depth and were distributed along the site streams and
downstream from potential contaminant sources. The appropriateness of each sampling area was
verified and specific sampling locations were staked during a ground reconnaissance, which verified
that: the area is placed to achieve the sampling objectives (e.g. a location intended to be downstream
from a source or outfall should be so located); sediment thicknesses are sufficient for meaningful
sampling with depth; and safe access is available. General locations are shown on Figure 1-3,
determined by measurements from nearby landmarks such as bridges and roads. Specific locations
are discussed and illustrated in Section 3.7. Sampling was conducted between May 29 and June 11,
1997. A total of sixty- nine (69) sediment samples, at multiple depths up to 6 feet, and seventeen
(17) surface water samples were provided for in the Work Plan. However, at most sediment sample
locations, penetration refusal was encountered at depths of 4 feet or less due to dense soils and/or
bedrock. Therefore, a total of 38 sediment and the 17 surface water samples were collected.
Sediment and surface water samples were analyzed in the fixed laboratory variably for explosives,
Target Analyte List (TAL) metals, volatile organic compounds (VOCs), and SVOCs. Locations,
depths and analytical results are presented in Section 3.7.

1.4.2.8 Mini-Piezometer Testing, Brush Creek.

Previous site studies had concluded that Brush Creek is the significant migration pathway for
contaminants potentially leaving the IAAAP. The purpose of this task was to identify reaches of
Brush Creek which may be gaining (effluent) due to recharge from groundwater or losing (influent)
due to discharge to groundwater. These data will assist in identifying remedies for potential off-site
migration of contaminants and in characterizing the creek as a contaminant migration pathway. Field
tests were conducted using the concept of "mini-piezometers” developed by Lee and Cherry (“4
Field Exercise on Groundwater Flow Using Seepage Meters and Mini-piezometers, Journal of
Geological Education, 1978, v. 27). This is a method by which gaining or losing streams can be
identified by measuring differentials between the creek water surface and piezometric levels in the
underlying creek bed. Prior to installing the mini-piezometers, a reconnaissance of Brush Creek was
conducted to select final test locations, assure accessibility, and verify that sufficient sediment was
present. Nine (9) general locations (Figure 1-3) were identified for testing along Brush Creek,
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coinciding with planned flow meters and road access, supplemented by intermediate points. Specific
locations and results are discussed in Section 3.8. Between April 29 and May 9, 1997, one to two
lines of three "mini-piezometers” were installed across the creek in each general location, providing
lateral profiles of piezometric conditions. A total of 52 “mini-piezometers” were installed.
Subsequently, USEPA requested that additional “mini-piezometers” be installed at selected locations
on Spring Creek and Long Creek. An additional six (6) piezometers were installed during the week
of June 8 to 14 at two locations on Spring Creek. An attempt was made to install three piezometers
at one location on Long Creek. However, bedrock was within one foot of the surface and the
piezometers could not be installed. Visible groundwater seeps in this area suggest that Long Creek is
gaining. “Mini-piezometers” on Brush Creek were measured on May 27, 1997. Other piezometers
were measured on June 13, 1997.

1.4,2.9 Stream Flow Meters, Site Drainages.

Principal drainages at the IAAAP are, from west to east, the Skunk River, Long Creek, Brush Creek
and Spring Creek (Little Flint Creek also drains a small area in the north). Existing data on these
streams was limited to water levels in Brush Creek. No flow estimates had been made and
contributions from different sources and total discharge from the site were not known. The objective
of this task was to obtain data on surface water flows in the principal site drainages and to assess
contributions of groundwater to these flows. Results were used to evaluate the drainages as off-site
contaminant migration pathways. Based on review of site drainage, seven (7) stream flow meters
were installed at general locations shown on Figure 1-3. Specific locations and data are discussed in
Section 3.9. Two were installed on Spring Creek, near P and K Roads, respectively, and five (5) on
Brush Creek, two at D Road, where flow has been diverted through two culverts, and three at I, H,
and K Roads, respectively. These locations differentiate flows from the various lines, to the extent
possible given topographic limitations. An eighth meter had been planned on an existing, but unused
flume near Line 1. However, recent remedial actions in this area have impacted stream flow to the
extent that a meter at this location would not have provided usable data. Therefore, it was not
installed.

Prior to installation, each site was inspected to obtain site-specific information for installation,
including preferred location or alignment, site constraints, and use of existing facilities, such as
culverts or bridges. A runoff computer model was developed for each watershed to determine the
range of flows to be measured. Generally, the meters will accurately measure flows up to about four
to five times the average base flow. Larger flows will be estimated using site rainfall measurements
and the computer hydrologic models. The flow meters automatically record data on water depth,
using a transducer, and flow velocity, using ultrasonic doppler technology. These data were
downloaded on May 12, June 9 and 27, and August 11, 1997.

1.4.2.10 Adquifer Pumping Tests, Line 2.

Groundwater extraction using wells may be considered for clay tills in several plant areas (i.e. Line
1, Line 2, Line 800). However, available data on the hydraulic properties of the till had been limited
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to permeability estimates from "slug" tests in monitoring wells and from laboratory tests on Shelby
Tube samples. These may overstate the potential effectiveness of extraction wells in removing
contaminated groundwater. Therefore, the objective of this task was to obtain more accurate data on
aquifer properties needed to evaluate pumping as a potential remedial technology. The original
scope of this task included construction of a pumping test facility comprising a pumping well and 8
observation wells screened variably in the shallow, deep, or full till zones, followed by pumping
tests. Placement of the test facility within Line 2 was based on providing: a) geology generally
representative of the tills at IAA AP; b) areas where groundwater is contaminated and extraction may
be considered; c) relatively flat hydraulic gradients to simplify measurement of drawdown and data
analysis; d) absence of surface water which complicates interpretation; €) ready equipment access;
and f) locations inside the Line fence to avoid environmental or archeological impacts. The general
location of the test facility is shown on Figure 1-3.

The planned pumping well and initial observation well (10A and 10B) were installed to depths of 50
feet on May 5 and May 1, 1997, respectively. During drilling of 10B, geologic logging determined
the presence of dense, clay tills through the planned 50 foot depth of the well with only a few thin
sand seams in the upper portion. After constructing well 10B, as planned, it was determined that
groundwater recharge to the well was insufficient to conduct pumping tests. In consultation with
USACE and USEPA, it was decided that the test well, 10A, would be installed as planned, but that
the remainder of the observation wells would not be completed. A reduced program of well
evaluation tests then was completed during purging and sampling on June 11, 1997. These consisted
of pumping in 10A at variable rates and monitoring drawdown in 10A, 10B, and existing well JAW-
70, screened in the upper zone, about 30 feet from the test well. Although pumping tests suitable for
quantitative aquifer analysis were not feasible, these data are sufficient for evaluating well conditions
at this site. The layout of the facility and results are discussed in Section 3.10. Sample data are
discussed in Section 3.12 with other sample data from Line 2.

1.4.2.11 Soil and Groundwater Sampling for VOCs.

Previous screening had identified VOCs in soil gas at six site areas: 1) Building 1-03-05; 2) Line 1
Tank Farm; 3) Buildings 2-02 and 2-03; 4) Building 3-03; 5) Building 3A-03-01; and 6) Building 9-
57. Each of these sites had total VOC concentrations in soil gas reported to exceed 1,000 parts per
billion (ppb) and "hits" in at least two locations. These occurrences had not been previously
evaluated and, at least in some cases, VOCs had not been detected in follow-on soil sampling.
Therefore, the purpose of this task was to determine the presence of VOC contamination in soil and
groundwater at these six sites. In the initial sampling round, a total of 82 soil samples and 10
groundwater samples were collected using hydropunch and hollow stem auger methods and several
temporary monitoring wells. Based on results, 21 follow-on soil samples and 9 groundwater samples
were collected in three of the site areas. In general, sample locations were selected to examine the
presence of VOCs at “hot spot” locations suggested by the soil gas screening and at depths
equivalent to and deeper than the soil gas samples. General sample areas are shown on Figure 1-3
and specific locations and results discussed in Section 3.11. Samples were analyzed on-site for
VOCs using a mobile laboratory facility.
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1.4.2.12 Additional Groundwater Data, Line 2.

The objectives of this task were to further characterize the vertical and lateral extent of groundwater
contamination in affected portions of Line 2 and assess the extent to which contaminants may be
reaching Brush Creek. Groundwater contamination by explosives and metals had been reported at
Line 2 and extraction was being considered. However, existing wells did not delineate the extent of
contamination toward Brush Creek or vertically. Seven monitoring wells (12A through 12G) were
installed at locations downgradient and lateral to groundwater flow and one piezometer (12H) on the
opposite (west) side of Brush Creek to evaluate groundwater flow with respect to the creek. One
well, 12F, was dry after completion and could not be slug tested or sampled.

The wells were screened variably in the shallow till or the deep till/bedrock. Wells 12B, C, and D
are a three-well cluster (shallow and deep till and bedrock). The piezometer (12H) was placed west
of Brush Creek to monitor groundwater levels from both sides of the creek. One round of
groundwater samples was collected from six of the new wells (excluding well 12F and the
piezometer) and from existing wells JAW-70, 71, 72 and 73 (total of 10 samples). Samples were
analyzed for explosives, metals, VOCs, SVOCs, and groundwater quality parameters by the fixed
laboratory. In conjunction with sampling in Task 10 (Aquifer Pumping Tests, Line 2), results were
used to determine the presence of groundwater contamination in this area and the likelihood that the
creek is a significant contaminant migration pathway. Piezometric data were used to identify flow
patterns to or from the creek and vertical gradients. Results of this task are discussed in Section
3.12.

1.4.2.13 Additional Groundwater Data, Downstream Reach of Brush Creek.

Previous site reports had hypothesized that site drainages, primarily Brush Creek, are the significant
off-site contaminant migration pathways at [JAAAP. Although a few monitoring wells had been
installed along the downstream reaches of Brush Creek, none were outside the immediate vicinity of
the creek and they did not permit monitoring of groundwater zones in adjacent areas. The available
subsurface geologic data in this area also was not sufficient to verify seepage routes beneath or near
the creek. The objective of this task was to further investigate groundwater flow and interaction with
Brush Creek, provide monitoring capability in the downstream reach of Brush Creek, further
characterize the creek as a potential off-site migration pathway, and generate data supporting
possible remedial actions. Four (4) monitoring wells were installed in this task, shown as wells 13B,
13D, 13E, and 13F on Figure 1-3. With existing wells G54/G55, these form a profile across Brush
Creek at "H" road, near the south site boundary. Six (6) wells had been planned. However, 13A and
13C, west of the creek, were not installed because shallow (<10 feet) bedrock was encountered in
13B. Subsequently, Harza, USACE, and USEPA agreed that additional wells were not needed west
of the creek. Well 13B is a single well west of the creek. 13D and 13E are a well pair screened in
shallower and deeper zones, respectively. 13F is a single well east of the creek. One round of
groundwater samples was collected from the four new and two existing wells (total of 6 samples)
and analyzed in the fixed laboratory for explosives, metals, and groundwater quality parameters.
Results of this task are discussed in Section 3.13.
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1.4.2.14 Additional Bedrock Topography Data.

Existing data on the bedrock surface at TAAAP had been sparse, considering the size of the facility,
and generally concentrated within specific lines. The previous RI postulated that groundwater in the
till is discharging to surface drainages rather than infiltrating to bedrock. More accurate definition of
the bedrock surface was needed to assess this possibility. The objective of this task was to obtain
additional data on the till/bedrock surface and evaluate any impacts on potential off-site contaminant
migration pathways. This task included surface geologic mapping and completion of six (6)
piezometers (14A through 14F on Figure 1-3) to further define the bedrock surface around the plant.
Locations were selected to provide data in broad areas where bedrock data were absent, mostly in
the south half of the plant, and also are supplemented by wells installed in other tasks. Borings for
the piezometers extended about 20 feet into bedrock and were completed with porous plastic
piezometer tips for measuring groundwater levels. Surface geologic mapping was conducted across
the south part of the IAAAP to locate exposures of the bedrock and the bedrock/drift contact. Map
interpretation and field surveys were used to establish the locations and elevations of the exposures,
which augment available subsurface data in evaluating the bedrock surface. A bedrock exposure and
top of rock contour map was prepared using the surface and subsurface data. Results of this task are
discussed in Section 3.14.

1.4.2.15 Evaluation of Vertical Hydraulic Gradients.

Previous studies at the site had not specifically examined the presence or magnitude of possible
vertical gradients within the glacial till unit and between the till and bedrock. Vertical gradients may
effect the rate and direction of contaminant migration. The objective of this task was to evaluate
vertical hydraulic gradients as they may impact groundwater flow and contaminant migration. This
evaluation consisted of comparing potentiometric elevations measured in available monitoring well
pairs and determining the direction and magnitude of gradient represented by these data, discussed in
Section 3.15.

Additional Groundwater Data, Line 3.

Groundwater contamination, primarily by explosives, had been reported at Line 3 and VOCs had
been detected in soil gas samples. The six existing monitoring wells are shallow and concentrated in
the center of the Line, not fully delineating the lateral or vertical extent of contamination.
Groundwater data suggested shallow flow in the shallow zone to the south, probably discharging to
Brush Creek where a tributary enters from the west, but additional data were needed to verify
transport to Brush Creek or potential migration to deeper zones. The objective of this task was to
further characterize the vertical and lateral extent of groundwater contamination in portions of Line 3
and assess the extent to which contaminants may be reaching Brush Creek. Five (5) new monitoring
wells, 16A through 16E, were installed and one round of groundwater samples were collected from
the new wells and from existing wells JAW-53, 54 and 55 (total of 8 samples). Samples were
analyzed in the fixed laboratory for explosives, TAL metals, VOCs, SVOCs, and groundwater
quality parameters. Results are discussed in Section 3.16.
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1.5 Subsequent Investigations and Evaluations

This report specifically is limited to the 1997 supplemental RI and is intended to represent conditions
current at that time. Additional investigation activities and evaluations were initiated and completed
based on the initial results of the draft Supplemental RI Report of December 1997. These separate,
but related, documents are outlined below, but are not a part of this draft-final report.

e Ecological Risk Assessment Addendum (Harza, March 1998). Summarizes results of watershed
based ERAA.

e Monitoring Well Management Plan (Harza, September 1999). Reviews monitoring wells and
monitoring objectives and recommends the initial GWM program completed in fall 1999.

o Line 800/Pink Water Lagoon Supplemental RI (Harza, July 2001a): Following the Jaycor RI,
this facility was the site of extensive removal actions and other remedial activities. Groundwater
flow and the extent of contamination were identified as data gaps, but removal actions at the time
required that supplemental investigations be deferred until after the basewide supplemental R1.
Activities included installation and sampling of additional monitoring wells and sampling of
groundwater, surface water and sediment in a drainage to the north.

o Long-Term Monitoring Report, Fall 1999 (Harza, June 2000c): This report summarizes results
of the first round of comprehensive monitoring conducted in December 1999 and January 2000,
including 215 existing and new monitoring wells throughout the base. Facilities are discussed
individually with selected historic data. Recommendations for Spring 2000 monitoring are
developed based on results.

e Monitoring Well Completion Report (Harza, June 2000d). Presents information on new
monitoring wells installed in conjunction with the fall 1999 GWM event.

o Groundwater Monitoring Report, Spring 2000 (Harza, October 2000¢): This report follows the
Fall 1999 report and summarizes results of the second round of more comprehensive monitoring
conducted in May 2000. Sampling included 191 existing and new monitoring wells. Surface
water sampling included hourly sampling over 8 hours spanning a rainfall event.

e Technical Memorandum, Supplemental Investigation, Off-Site Groundwater, Surface Water
& Sediment (Harza, January 2000a): Summarizes results of off-site investigations in summer
and in fall 1999. Groundwater samples included 63 direct push samples from 44 locations and
one monitoring well.

e Technical Memorandum, Supplemental Investigation, Off-Site Groundwater, Phase III
(Harza, July 2000b): Summarizes results of additional off-site investigations conducted in Spring
2000. Groundwater samples included 18 additional direct push samples from 10 locations and
one residential well sample.

e Sampling Data, Sanitary Waste Water Treatment Plant (TN & Associates, 2000). Results of
daily sampling of water at the WWTP between June 12 and July 16, 2000. Samples were
analyzed for explosives.

e Technical Memorandum, Supplemental Investigation, Off-Site Groundwater, Phase IV
(Harza, July 2001c¢). This report summarizes additional investigations conducted in Spring 2001,
including 15 direct push groundwater samples from 10 locations, installation and sampling of 4
new monitoring wells (a fifth well had been installed in conjunction with groundwater
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monitoring), and sampling of 6 private water wells.

e Groundwater Monitoring Program (MWH, July 2001). Summarizes the basewide GWM
program based on the fall 1999 and spring 2000 rounds and is intended to be routinely updated as
monitoring continues.

e Evaluation of Contaminant Sources to Surface Streams (Harza, July 2001b). Presents results
of evaluations to identify potential groundwater sources of explosive contaminants to surface
streams.

o Installation-Wide Ecological Risk Assessment (pending). The ERA, on-going at the time of this
submittal, includes two rounds of surface water and sediment sampling, identification of
ecological chemicals of concern, and evaluation of ecological risks.
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2.0 INVESTIGATION METHODS

This section outlines field and laboratory methods used in this investigation with reference to the
approved Sampling and Analysis Plan (SAP), (Harza, 1997a). The work was conducted in
accordance with the approved SAP, except as noted.

2.1 Drilling and Monitoring Well Construction

Prior to drilling, boring locations were staked and utility clearances obtained from Mason & Hanger
personnel. Soil drilling was performed using 4% or 6% inch inner diameter hollow stem augers,
depending on final well construction requirements. Continuous soil samples were collected using
standard, 5-foot long Central Mine Equipment soil samplers sized to be compatible with the hollow
stem auger (HSA) tools being used. All rock drilling utilized water rotary diamond coring methods
with PQ wireline, continuous coring equipment. No mud drilling was required and water for rotary
core drilling was municipal water obtained from the plant fire department. Where rock coring was
required, the hollow stem augers served as the casing through which coring was completed.

The soil samples and rock core obtained from the borings were logged by the site geologist and draft
boring logs were submitted to USACE as the work progressed. Final boring logs were prepared after
the field work was completed and are provided in Appendix A. Rock cores were placed in wooden
core boxes provided by USACE and were stored on-site. Color photographs were taken of each core
box and placed in the project file. Each core box was photographed separately in both the dry and
wet condition. After completion of the field work, at IAAAP’s direction, two full core boxes were
delivered to the local nature center and the remainder of the cores were discarded.

One soil sample for geotechnical testing was collected from the screen interval of each new
monitoring well. Geotechnical samples were tested by the Missouri River Laboratory (MRL) for
grain-size (sieve plus hydrometer, where appropriate). Test data are provided in Appendix B.

Borings to be abandoned (e.g. not completed as wells or piezometers) were grouted with high solids
(30%) bentonite grout placed using a tremie pipe with the lower end of the tremie pipe located within
3 feet of the top of the seal. Pumping continued until grout flowed from the boring at the ground
surface. Shallow (<15 feet) soil borings completed in Task 11 (Soil and Groundwater Sampling for
VOCs) were backfilled with cuttings as agreed by USACE, IJAAAP, and USEPA. Deeper borings
completed in this task were grouted while temporary wells used in Task 6 (Ammunition Box Chipper
Disposal Area) and Task 11 were abandoned in accordance with State of lowa, Department of Health
requirements by removing casing below the surface and backfilling with grout.

Well construction drawings are provided in Appendix C. Monitoring wells were constructed inside
the hollow stem augers, which served as temporary casing. Wells were constructed using 2-inch
inside diameter (ID), 10-foot, schedule 40 PVC V-wire screens with 0.010 inch slot size. Riser pipe
sections consisted of 2-inch ID schedule 40 PVC. In Task 10 (Aquifer Pumping Tests, Line 2), well
10A was constructed within Line 2 with 4-inch diameter riser pipe and screen. Wells 10A and 10B
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were screened, according to plan, across a 40 foot section of the till aquifer. Other wells were
provided with 10-foot long screens. Piezometers, where required, were installed inside rotary and/or
core holes, or the hollow stem augers, as applicable, and were constructed with 1 inch diameter PVC
riser pipe and 2-foot long, 1-inch diameter, manufactured porous tips. Well and piezometer
materials were steam cleaned immediately before installation.

Filter pack consisted of a washed No. 40 silica sand and extend from the bottom of the screen to 2
feet above the screen. A gradation curve for the filter pack material is included in Appendix C. A 2-
foot thick commercially manufactured sodium bentonite pellet seal was placed above the filter pack
and allowed to hydrate for a minimum of 4 hours. The annular space above the seal then was
grouted with high solids (30%) bentonite, mixed in accordance with manufacturer’s instructions and
placed by pumping through a side discharging tremie pipe. Grout consistency was measured using a
mud scale in accordance with the manufacturer’s specifications.

Monitoring wells were provided with lockable steel outer casings cemented in 3-ft by 3-ft concrete
pads. The outer casings were four inches in diameter except for test well 10A installed in Task 10
(Aquifer Pumping Tests, Line 2), which was six inches. Outer casings were painted orange, as
designated by IAAAP. Like-keyed locks were provided and a set of the keys supplied to IAAAP.
Three 2-inch diameter steel bumper posts were cemented in place around each well except for the
piezometers in Task 14 (Additional Bedrock Topography Data). Wells were provided with tag
affixed to the outer casing and identifying the well number, depth, date of installation, USACE
Omaha District and the adjusted top of casing elevation. Ground and top of casing elevations and
state plane coordinates of the wells and piezometers were surveyed by American Surveying
Consultants (ASC). Soil borings used for sampling were located by tape from known site features
and coordinates and elevations estimated from existing site maps.

Wells were developed within one week after construction and no sooner than 48 hours after grouting.
Piezometers with porous tips did not require development. Where possible, development consisted
of mechanically surging and bailing for a minimum of 2 hours followed by continuous pumping
using a Well Wizard bladder pump. Temperature, pH, specific conductivity and turbidity were
measured after each well volume was removed and development continued until these parameters
stabilized for four consecutive readings, as follows: pH (£0.2 units); Temperature (+10%); Specific
conductivity (+10%); and Turbidity (+10%). Many of the wells recharged very slowly and could be
bailed dry before multiple well volumes were removed. In these cases, pumping generally was not
possible and removal of all standing water in the well and sand pack resulted in formation water
entering the well for later sampling. However, field measurements by well volume in these wells are
not available. Records of well development are provided in Appendix D. One-liter jars of water
were collected at the completion of development in each well and photographed in color.

2.2 Sediment Sampling

Sediment samples were collected using hand augers, decontaminated between each use. Sample
locations were located by tape from landmarks, such as bridges, and were staked and marked prior to
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sampling. At each location, the sampler was augered to the first planned sample depth. The sampler
then was withdrawn and the sample to be analyzed for VOCs, if any, transferred directly to pre-
cleaned sample containers using stainless steel spoons. The VOC samples were collected with no
headspace. After the sample for VOC analysis was collected, the remaining sample from that depth
interval was placed in a stainless steel bowl and homogenized using stainless steel tools, before
transferring to sample containers for explosives, semi-volatiles, and metals analysis. Where deeper
samples were required from the same location, the sampler then was decontaminated and reinserted
in the hole, advanced to the next required interval, and the procedure repeated. The maximum
planned sample depth was 6 feet or refusal, whichever was less. Actual sample depths and quantities
are summarized in Section 3.7. In most cases, refusal was encountered below the 3 foot sample
depth. All methods and equipment used was documented on Sample Collection Field Sheets
(SCFSs) provided in Appendix E.

2.3 Groundwater Sampling

231 Monitoring Wells

Well purging and sample collection was performed a minimum of 2 weeks after installation and
development. Pre-existing monitoring wells in the same areas were sampled concurrently.

For new wells, low-flow purging and sampling techniques were attempted in each well to obtain
samples representative of aquifer-quality water, while minimizing purge water volumes. This was
accomplished by pumping from the well sampling zone (e.g. the screen interval) at rates causing
minimal drawdown, thus inducing laminar flow from the aquifer through the screen to the pump,
without having to purge the entire water column. The goal of the low flow sampling, as stated in the
work plan, was to maintain less than 0.3 ft of drawdown at pump rates not exceeding 500 ml/L. Due
to small yields from the clayey till soils, recharge to most wells was insufficient for this method,
resulting in excessive drawdown even at low pumping rates and in some cases evacuating the well.
These wells were purged dry and sampled with bailers after sufficient recovery or were purged using
the pump until 3 to 5 well volumes had been removed and field measurements had stabilized, and
then sampled using the pump and bailers. Five wells were sampled after being purged dry (shown
with an asterisk in Table 2-1 below) and nine wells were sampled after purging 3 to 5 well volumes.
Sampling of pre-existing wells was completed using dedicated sampling pumps installed in the
wells. Data generated during purging and sampling was recorded in the Field Logbooks and on
Sample Collection Field Sheet (Appendix E).

Table 2-1. Field Measurements at Time of Groundwater Sampling
Volume Purged ivi idi
Nrr/:llaler (ga//ons;g (u’r,r’i.t’s) izzzzgczt)y Temperature (nephzz)ﬁggunits)
10A 64 6.99 600 54.5°F 40
108 18 NA® 566 60.0°F 32
JAWTO 15 7.33 416 11.7°C 0.648
12A 4 7.07 798 63.5 °F >200
128 8 6.57 404 64.7°F 5.1
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Table 2-1. Field Measurements at Time of Groundwater Sampling
Volume Purged jvil idif
Ngnell)ler (ga”ons;g (u‘r:’i:s) c}:r’;:fivz:/t::‘lﬂnjy Temperature (neph;ulo':vggunifs)
[ 1209 9 NA 782 58.1F >200
12D 19 6.57 734 B54.4°F 11.2
12E 8 NA® 504 67.3°F 225
1262 NA NA® 662 79.6°F 36
JAWT1 7 7.45 558 13.3°C 28
JAWT2 95 7.38 490 11.2°C 1.52
JAWT3 9 7.49 563 13.1°C 445
138 135 7.48 335 72.3°F 552
130@ 10 7.67 646 69.2°F 194
13€ 4 6.75 1122 77.3°F 4
13F NA NA NA NA NA
G-54 85 7.02 792 65.9°F 047
G-55 NA NA NA NA NA
16A 38 7.26 599 67.7°F 46
168 10.5 6.72 396 57.1F 30
16C 115 7.21 280 67.4F 4
16D 11 7.12 298 60.2 °F 348
16E% 95 7.09 611 77.3F 101.2
JAWS53 6 7.50 504 12.0<C 2
JAWS4 10.5 7.25 486 11.3¢C 1.5
JAWS5 95 7.16 521 11.7°C 278

(1) pH meter not working properly. (2} Well purged dry before sampling.

2.3.2 Direct Push/Temporary Monitoring Wells

Direct push groundwater samples for chemical analysis were collected in Task 11 (Soil and
Groundwater Sampling for VOCs) and Task 6 (Ammunition Box Chipper Disposal Area). Samples
were retrieved during drilling of hollow stem auger soil borings. Unless otherwise dictated by
subsurface conditions, direct push groundwater samples were collected from depths of 3 to 5 feet
below the augers, during drilling of soil borings. Most samples were collected from the upper part of
the saturated zone. In some cases, direct push (DP) groundwater samples were collected from 2 or
more depths within a boring. After the upper sample was collected, as above, the boring was
advanced to approximately 3 to 5 feet above the next sample depth and the sampling procedure
repeated. DP groundwater samples were collected using a Hydropunch II sampling system with PVC
screen materials. Samples were retrieved using bailers which were decontaminated prior to each use.
The DP points were purged to reestablish representative conditions before sample collection.

In some cases, DP methods were not feasible due to the length of time required for sufficient water
quantities to enter the sampler. As agreed with USACE and USEPA for these cases, temporary wells
were installed in the boring and left until sufficient water was present for sampling. The temporary
wells were constructed by installing a 2-inch diameter, 2-1/2-foot long PVC screen and riser pipe in
the boring through the hollow stem augers, installing an approximately 5 foot long filter pack around
the screen, and installing a 5 to 10 foot thick bentonite seal above the filter pack. The surface of each
temporary well was protected from surface water runoff. The temporary wells were installed in
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Tasks 6 and 11 and were removed after sampling and the borings grouted or backfilled, as
appropriate.

2.4 Mini-Piezometers

“Mini-piezometers” were installed and measured in Task 8 (Mini-Piezometer Testing, Brush Creek).

Installation and measurement were in accordance with relevant procedures outlined by Lee and
Cherry ("A Field Exercise on Groundwater Flow Using Seepage Meters and Mini-piezometers,
Journal of Geological Education, 1978, v. 27). Specific locations and results are discussed in
Section 3.8.

Materials for constructing the “mini-piezometers” were assembled prior to mobilization. Each “mini-
piezometer” consisted of a small diameter polyethylene tube provided with a wrapped, perforated tip
and installed into the creek bed through a small diameter steel pipe. The pipe was driven into the
creek bed manually, the plastic tube inserted, and the pipe withdrawn, leaving the tube in place. A
lag bolt on the bottom of the pipe was used to keep sediment from plugging the pipe and was left in
place when the pipe was withdrawn. The depth of installation depended on site conditions, with the
intent being to install the piezometers at least 3 feet below the creek bed.

The “mini-piezometers” were measured after completion of all installations. Measurements
consisted of determining the difference in head between the water level in the "mini-piezometer” and
the creek level. If water levels in the creek bed are higher than the surface water level, the stream is
gaining. If water levels in the creek bed are lower than the surface water level, the stream is losing.

“Mini-piezometer’ locations were sketched on field maps as they were installed. A description and
measured sketch of each test area was recorded in the bound field notebook along with a description
of the installation, depths, any problems encountered, and measurement results.

2.5 Stream Flow Metering

2.5.1 Flow Meters

Seven stream flow meters were installed in this investigation, five on Brush Creek and two on Spring
Creek. Locations and results are discussed in Section 3.9. Originally, flume type flow meters
attached to small sheetpile weirs had been proposed. However, blocking flow in the creek was not
permitted due to the presence of migrating fish. Therefore, an alternative, non-intrusive technique
was used involving installation of acoustic doppler flow meters on the bottom of the streams. The
meters are manufactured by Unidata Australia and measure pressure (depth), temperature and
average velocity. Using the depth and velocity readings, discharge can be computed at each meter.
Figure 2-1 shows a typical installation. The meter operates by generating ultrasonic sound pulses at
a fixed frequency. Sound pulses that are reflected from objects in the flow are received by the meter
and the frequency of the reflected pulse is compared to the generated pulse. The shift in frequency is
directly related to the velocity of the flow.
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The sites chosen for the meters were selected to have the following characteristics:

e Uniform, non-turbulent flow

» Stable channel cross-section

* Velocities greater than about 0.1 ft/sec

* Flow depth greater than 1 inch

» Flow not excessively aerated

e Stable stream bed - the meter would not be buried by sediment deposits

The accuracy of this method of flow measurement depends on a number of factors, the most
important being the assumed shape of the longitudinal velocity distribution. Because the velocity is
measured only at one point in the section, the measured value must be extrapolated over the whole
section to compute the discharge. For small sections, such as a culvert pipe, the measured velocity is
a good estimation of the overall section velocity and the discharge can be readily computed by
multiplying the measured velocity by the cross-sectional area (computed from the depth). For a
natural stream section, especially those that are wide and shallow with significant depth variation, the
average velocity varies considerably across the section. The assumption of the magnitude of this
variation is the key to computing a reasonable section discharge. The accuracy of the flume method
of discharge measurement is about £2-5%. For the method using the acoustic doppler meter the
accuracy is on the order of +:10-15%. This is considered acceptable for the intended purpose.

2.5.1.1 Spring Creek.

The meters installed along Spring Creek were generally located at or near road crossings for ease
of access. Detailed locations of each meter are discussed below.

Meter 9A4. This meter was installed where Plant Road P crosses the creek. The meter is located
about 20 feet upstream of the upstream face of the bridge crossing the creek. The stream bed at this
location is gravel and stones up to about 1 inch diameter with some larger stones up to 9 inch
diameter. The meter was attached to a concrete pedestal specially made for this purpose. The
pedestal was placed in a hole excavated in the stream bottom with the top of the pedestal flush with
the stream invert. The meter itself was then mounted on the pedestal. The stream reach in this
location is straight and the cross section is fairly uniform.

Meter 9B. This meter was installed where Plant Road K crosses the creek. The meter is located
about 20 feet downstream of the downstream face of the bridge crossing the creek. The stream bed
at this location is course sand with gravel and stones up to about 1 inch diameter. The meter was
attached to a concrete pedestal, as described for Meter 9A. The stream reach in this location is
straight and the cross section is fairly uniform.
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2.5.1.2 Brush Creek.

As with the Spring Creek meters, the meters along Brush Creek were generally located at or near
road crossings for ease of access. Detailed locations are described below.

Meter 9C. The intent at this location was to use an existing flume. The existing flow meter
installed in the flume at this location was to have been rehabilitated and a recording depth gage
installed. However, due to the construction of an outfall from a low dam as part of sediment
remediation activities, the invert of the channel downstream of the flume was raised significantly
which created a permanent backwater condition. This condition makes it impossible to get reliable
depth readings. Therefore, no meter was installed at this location.

Meters 9D/E. Two meters were installed where Plant Road D crosses the creek. Two culverts
convey creek flow under the road, a 5 ft diameter corrugated metal pipe (CMP) and a 122 ft diameter
CMP . Much of the dry-weather flow from the creek is diverted into the 5 ft dia. west culvert (9D).
However, during even small storm events, flow can pass through the 122 ft dia. east culvert (9E).
The meters were installed approximately 2 pipe diameters in from the downstream end to avoid
contraction effects from the free outfall at the ends of the pipes.

Meter 9F. One meter was installed where Plant Road I crosses the creek. Two CMP culverts
cross under the road and there is a double barreled box culvert under an abandoned road just
upstream. Due to the sediment depth in the culverts, the meter was installed directly in the stream
bed approximately 40 ft upstream of the box culvert. The stream bottom at this location is mainly
course sand overlying gravel. The meter was mounted on a concrete pedestal. Due to the stream
sinuosity, the meter could not be placed in a straight section of the stream. However, the radius of
the curve of the channel is fairly large and the flow is shallow. Therefore, secondary currents
developed by the curvature of the channel should not appreciably effect the flow measurements.

Meter 9G. One flow meter was installed where Plant Road H crosses the creek. There are the
remains of an old flow metering station in the center of a concrete slab just downstream of the
bridge. The new meter was mounted adjacent to the old meter base on the concrete slab. A
diversion wall was constructed in front of the old meter base to direct all of the flow to the new
meter.

Meter 9H. This meter was installed just downstream of the Plant Road K bridge over the creek.
The meter was installed in the center of the stream bed about 20 feet downstream from the bridge.
The stream bed at this location is gravel and stones up to about 1 inch diameter with some larger
stones up to 9 inch diameter. The meter was attached to a concrete pedestal. The stream reach in
this location is straight and the cross section is fairly uniform.

252 Rain Gage
A rain gage was installed near the location of the existing (non-functioning) rain gage at the
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treatment plant near Brush Creek on Plant Road H. The gage is a tipping bucket type with a
resolution of 0.01 inches. The gage 1s connected to an electronic recording device which records the
number of tips in a specified time interval. The time interval was set to 5 minutes and later increased
to 10 minutes.

2.5.3 Data Reduction

Several methods of computing stream discharge were required due to the vanable conditions at the
meter sites.

Culverts. For the circular culverts on Brush Creek at Plant Road D, the measured velocity was
assumed to be the average for the entire section. The discharge was then computed by calculating
the area of the flow from the measured depth and then muitiplying by the measured velocity

Natural Channels. For channels with a Anatural@ cross-section, the average velocity at the
center of the channel is not the average over the whole width and, therefore, multiplying the velocity
by the area does not yield the correct discharge. However, for wide (width/depth > 10) channels with
auniform depth the average velocity measured near the center is a good representation of the section
velocity. In this case multiplying the area and the velocity will give a reasonable approximation of
the discharge. This is the situation at Meter 9G where the bottom of the channel is level concrete
and the sides are vertical.

At Meters 9A, 9B, 9H and 9F the channel depth varies significantly across the section and a different
method of computing the discharge was used. For streams with a uniform bottom roughness the

v = V[ d J
dmeas

average velocity in any vertical section will be related to the measured velocity by the formula:
where 7 is a parameter to be estimated, d is the flow depth at a particular location and d me,s is the
measured depth. Thus, a velocity can be computed for several locations across the stream and a
discharge calculated. It is assumed that the point of measurement is at the deepest part of the stream
where the average velocity is the greatest.

The value of n is based on the roughness of the stream bed and can be estimated from velocity
measurements at several points across the stream. For a very rough bed, » will be large and for a
smooth stream, # will be small. For n=0, the channel flow velocity is the same everywhere (i.e. there
is no friction). The value selected for each stream location is shown in Table 2-2.

Table 2-2. Assumed Values of “n”, Stream Flow Meter Locations

Meter n
9A 0.90
98 0.70
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Table 2-2. Assumed Values of “n”, Stream Flow Meter Locations

Meter n
OF 1.20
9H 0.90/0.60

At meter 9H, there are two values of n because there are two distinct bottom types, one significantly
rougher than the other.

254 Computer Modeling

A computer model was constructed of the drainage area upstream of the meters on each stream and
used to estimate runoff volumes and provide independent verification of the flow measurements for
rainfall events. Using the measured rainfall data, computer generated hydrographs for each meter
location were compared to hydrographs prepared from the flow meter data.

Table 2-3 shows the sub-basin characteristics for the Brush and Spring Creek watersheds. Figure 2-1
shows the extent of each sub-basin. The Curve Number (CN) and the time of concentration (1;) are
parameters used in the TR-20 computer model to develop the runoff hydrographs. The CN shown is
for "normal" soil moisture conditions, when there has been at least 0.25 inches of rain in the prior
five days. For dry conditions, when less than 0.25 inches have fallen in the prior 5 days, a CN of 76
could change to 59. For "wet" conditions, the CN could be increase to 93. These changes have a
significant impact on the rate and total amount of surface runoff generated by a particular event.

Table 2-3. Sub Basin Characteristics
Sub Basin Area (mi?) CN tc (hrs)
B1 1.84 80 22
B2 0.74 76 26
B3 1.87 76 2.1
B4 2.77 76 28
S1 6.30 78 34
S2 5.81 74 40

The TR-20 computer model only computes surface runoff and does not account for groundwater
flow. That portion of the rainfall that does not runoff is assumed to infiltrate into the soil and is lost
to the streamflow calculation. This assumption is reasonable if the object of the analysis is to
determine the peak runoff rate from a particular storm and not the complete recession curve. For
small rainfall events, however, where the rate of rainfall does not exceed the assumed rate of
infiltration, the model will not show any runoff - all of the rainfall will go directly to subsurface
flow or will be intercepted by vegetation. The subsurface flow will either go into the groundwater or
will flow to the creeks.

The model was used to assist in the analysis of the data, to provide a check on the computation of the

discharges at each meter location, to avoid any gross errors in the calculation of the discharge from
the velocity measurements. It is expected that for small rainfall events, where all or a majority of the
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flow in the creeks is from subsurface flow, the model will not indicate any surface runoff. Because
the computer model was being used as a data check for low flow events, no calibration was done.
The runoff parameters were selected based on engineering judgement and experience with runoff
models for similar watersheds.

2.6 Field Permeability Tests and Hydraulic Integrity Tests

Field permeability tests were conducted in new monitoring wells installed in Tasks 12 (4dditional
Groundwater Data, Line 2), 13 (Additional Groundwater Data, Downstream Reaches of Brush
Creek), and 16 (Additional Groundwater Data, Line 3). Tests used the falling and rising head slug
method and were conducted in accordance with the approved work plan using decontaminated solid
slugs to displace water in the well and transducers and data loggers to measure recovery of the water
levels to pre-test conditions. Data then were downloaded from the data logger to a portable
computer and reduced using commercial software to obtain estimates of hydraulic conductivity.

Data printouts are provided in Appendix F and results are discussed where appropriate in Section
3.0.

Short-term slug test methods also were used to help evaluate the condition of 28 existing wells in
Task 5 (Hydraulic Integrity Review, Existing Monitoring Wells). Methods were the same as
described above, except tests did not necessarily continue to pre-test water levels, since results were
not intended for use in estimating hydraulic conductivity. Rather, the data collected were reviewed
qualitatively to help assess whether the tested wells were responding normally or, alternatively,
abnormally possibly suggesting construction or maintenance problems. Results of the hydraulic
integrity testing are discussed in Section 3.5 and data printouts are included in Appendix G.

2.7 Equipment Decontamination

Decontamination of personnel, small equipment, and large equipment was conducted in accordance
with the approved QAPP for field activities in Tasks 3 (Basewide Groundwater Level
Measurements), 6 (Ammunition Box Chipper Disposal Area), 7 (Sediment and Surface Water
Sampling, Site Drainages), 10 (Aquifer Pumping Tests, Line 2), 11 (Soil and Groundwater Sampling
for VOCs), 12 (Additional Groundwater Data, Line 2), and 16 (Additional Groundwater Data, Line
3). Other tasks either did not require intrusive field activities or were not located within known
contaminated areas. Decontamination fluids from the sampling and drilling equipment were
collected for disposal as investigation derived waste (IDW), discussed in Section 2.8. Small
equipment used for drilling, soil sampling, and water sampling, and those portions of instruments
and equipment placed into borings or wells, such as water level meter probes and cables, were
decontaminated before and between each use. Single-use sampling equipment such as disposable
bailers was used where appropriate to minimize decontamination requirements. Drilling and heavy
equipment was decontaminated before first use on the site, between borings, and before demobilizing
from the site. Drill cuttings caked on this equipment were scraped off at the sampling sites and the
drill rig, augers, drill bits, shovels and similar equipment were sprayed with detergent water by a
high-pressure washer, then rinsed with potable water.
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2.8 Investigation Derived Waste

IDW generated during this project included excess soil cuttings from borings and wells, groundwater
from monitoring well development and sampling, decontamination water and solutions, and used
personal protective equipment (PPE).

IDW generated during field activities was segregated as potentially contaminated or uncontaminated
based on proximity of the field location to known contaminated areas. All potentially contaminated
IDW was placed in new, DOT and EPA approved drums, which were left at the investigation site
pending final determination. A total of 173 drums were used and a drum inventory maintained. The
drums were sealed, labeled, and recorded so that their contents could be identified as to material and
source. Soils and water IDW were segregated in separate drums. IDW generated during drilling of
bedrock piezometers in Task 14 (Additional Bedrock Topography Data) did not require
containerization as agreed by IAAAP, USEPA, and USEPA. These sites are not located near any
known contaminant sources. IDW generated during other drilling tasks was containerized.

Final disposition of soil IDW was based on results of environmental sampling in the boring or
borings contained in the drums and was approved by USACE. Disposal was based on the “Action-
Level Criteria for Soil” and the “Removal Action Decision Flow Chart” developed for the soil
removal and provided in the FSP. Disposal was as follows:

a) Contents of 21 drums determined to contain clean soil and 34 drums determined to contain
clean water IDW were spread or discharged on the ground near the boring locations;

b) 8 drums containing contaminated soil IDW and 88 drums of soil for which available
analytical data were insufficient to reach a determination were transported and disposed in
the Trench 6 landfill; and

c) 22 drums containing potentially contaminated water IDW were transported to the
sedimentation dam at the Trench 6 landfill for treatment and discharge.

The emptied drums were steam cleaned on site and taken off-site by a local drum recycling firm.
Rinsate from the on-site pressure washing was directed into the sedimentation dam at the Trench 6
landfill for treatment and discharge. Used PPE was bagged and disposed as municipal trash.

2.9 Surveying

Surveying was performed by ASC. Surveying included state plane coordinates and elevations
(ground and top of casing) of new wells and piezometers installed in the supplemental RI (Tasks 6,
8,10, 12, 13, and 16) and existing wells and piezometers in Task 3. ASC’s final report is provided
in Appendix H and details the methods used and final data. GPS survey methods were used first to
establish a network of control points around the IAAAP and to provide survey control for wells and
piezometers. These points were tied into existing National Geodetic Survey (NGS) control stations
and were marked with iron pits. GPS surveying utilized Trimble 4000SSI dual frequency geodetic
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receivers with L1/L2 geodetic antennas. The Fast-Static GPS baseline measuring technique was
used to survey the project control network first. Then the Real Time Kinematic (RTK) survey
technique was used to survey the wells and piezometers, adopting the control points as base stations.
Surveyed coordinates and elevations were used in preparation of maps and other figures in this
report and also are incorporated in the monitoring well inventory provided in Appendix I.

2,10 Analytical Methods

Soil and direct push groundwater samples collected in Task 11 (Soil and Groundwater Sampling for
VOCs) were analyzed for VOCs by ONSITE Environmental Laboratories, Inc. (ONSITE) of
Fremont, California, using USEPA SW-846 Method 8260A. Other soil, sediment, and water
samples were analyzed off-site by Applied Research and Development Laboratory (ARDL), of Mt.
Vemon, Illinois. Analytical methods used by ARDL are listed in Table 2-4, below:

Table 2-4. Analytical Methods

Analyte/Group Method
Explosives SW846 Method 8330
Volatile Organic Compounds SW846 Method 8260A
Semi-Volatile Organic Compounds SW846 Method 8270B
Metals by ICP SW846 Method 6010A
Metals by AA @ SW846 7000 Series
Alkalinity SW846 3210.1
Nitrate/Nitrite Method 353.1
Phosphate Method 365.2
Dissolved Oxygen Method 360.1
Biological Oxygen Demand Method 405.1
Chemical Oxygen Demand SW846 Method 5220C
Total Organic Carbon Method 415.1
Sulfate Method 375.4
Suffide Method 376.1
Total Dissolved Solids Method 160.1
Chioride Method 300

M

Inductively coupled plasma. Aluminum, antimony, barium, beryllium, cadmium, chromium, copper,
silver, vanadium, nickel.
@ Atomic Adsorption. Arsenic, lead, mercury, selenium, thallium.

Results of the analyses are described in applicable portions of Section 3.0 and the nature and extent
of contamination is discussed in Section 5.0. A summary tabulation of analytical results is provided
in Appendix J, including data obtained in this supplemental RI, data taken from JAYCOR (1996),
and data from Mason & Hanger monitoring, as used in this report. Laboratory reports are provided
in Appendices K (for ONSITE) and L (for ARDL).

All the detected chemicals were subjected to data validation following the USEPA National
Functional Guidelines for Inorganic/Organic Data Review. The analytical data were validated
internally by the laboratories and case narratives as well as QC documentation provided. External
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data validation was completed and a Quality Control Summary Report (QCSR) prepared
summarizing results of the validation process. Analytical data provided from both laboratories was
considered acceptable and useable with no major concerns. Other issues raised in the validation
process are noted where applicable in this report.
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3.0 STUDY AREA INVESTIGATION

This section summarizes findings of the sixteen tasks completed in the supplemental RI,
including investigation locations and results. These findings, with data from previous
investigations, are the basis for discussion of site physical characteristics in Section 4.0 and the
nature and extent of contamination in Section 5.0. General investigation locations are shown on
Figure 1-3.

3.1 Evaluation of Available NPDES Data

3.1.1 IAAAP Discharge System and Available Data

The purpose of this evaluation was to determine the extent to which the wastewater discharges
permitted under NPDES may contribute to off-site migration of contaminants by the surface
water pathway, in relation to possible groundwater contributions. The evaluation was based on
data obtained from Mason & Hanger and the Iowa Department of Natural Resources, on stream
flow monitoring in Task 9 (Stream Flow Meters, Site Drainages) and on surface water sampling
in Task 7 (Sediment and Surface Water Sampling, Site Drainages). Since the available NPDES
data are limited to the period from 1986 to the present, the study reflects approximate current
operating conditions in which some facilities were closed and others operated discontinuously.
Discharge of contaminants to site streams is reported to have been more extensive in earlier
periods of the facility’s operation, a limitation on the present study.

NPDES Permit No. 29-00-9-00, requires IAAAP to monitor wastewater discharge at fourteen
outfalls located throughout the plant. These discharge directly or via channels or surface
drainages to Brush Creek, Long Creek, and a small unnamed tributary to the Skunk River near
Line 3A. The regulated outfalls are listed in Table 3-1 and locations are shown on Figure 3-1.

| Table 3-1. NPDES Outfalls
Outfall | Basin Location Description Monitoring Parameters
11 Line 1 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
12 Line 1, Bldg. 1-70-1 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS, TOX.
13 Bldg. 506-216-1 Main sewage treatment plant outfall Ag, BOD/COD, NH3-N, pH, TOX.
21 Brush Line 2, Bldg. 2-70-1 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
22 Creek Line 2, Bldg. 2-70-2 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
32 Line3, Bldg. 3-70-1 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
33 Line3, Bldg. 3-70-2 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
51 Line 5A, Bldg. 5A-140-3 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
82 Line 800, Bldg. 800-70-1 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS, Pb
35 Line 3A, Bldg. 3A-70-2 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
52 Long Line 5B, Bldg. 5B-140-3 Discharge from explosive loading operations. | Flow, pH, RDX+HMX, TNT, TSS
9 Creek | Bldg. 500-139 Treated effluent from main heating plant: coal | Fe, pH, P04, TSS
pile runoff, boiler blowdown & flyash
leachate.
14 Skunk | Line 3A, Bldg. 500-216-2 3A sewage treatment plant outfall Ag, BOD/COD, pH, TSS
34 River | Line 34, Bldg. 3A-70-1 Discharge from explosive loading operations. | Flow, pH, RDX+*HMX, TNT, TSS

TSS = Total Suspended Solids. BOD = Biological Oxygen Demand. COD = Chemical Oxygen Demand. TOX = Total Halogenated Organics.

Outfall 9 discharges to a pond which, if allowed to overflow, would discharge to Long Creek.
There has been no discharge from outfalls 35, 51, and 52 for more than seven years. According
to JAAAP, only outfalls 22 and 35 currently are used for regular process water discharge.
Process water at other facilities is recycled and discharged periodically.
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Contaminant loading to site streams could be evaluated only for outfalls monitored for both
explosives and flow. These are outfalls 12, 21, 22, 32, and 33. Discharge flow data were
provided by Mason & Hanger for 1994, 1995, and 1996 and from the Iowa Department of
Natural Resources back to June 1989. Approximate annualized monthly discharge flows were
calculated by summing the reported flows for each 12 month period, and dividing by 12.
Because many outfalls did not discharge continuously (i.e. zero flow reported for periods of days
to months), the calculated average flows are lower than any given instantaneous discharge rate.

Explosives concentrations in the discharges were taken from the records provided by the Iowa
Department of Natural Resources. IAAAP is required to monitor explosives concentrations
(RDX+HMX and TNT) at outfalls 11, 12, 21, 22, 32, 33, 34, 35, 51, 52, and 82. These data,
reported as average monthly concentrations, are available for the period January 1987 to March
1997. However, because flow data is available only to June 1989, average explosives loadings
were calculated for the period June 1989 to March 1997, limited to those outfalls for which both
flow and explosives concentration data were available.

During months with zero (0) average discharge values, loadings were calculated using monthly
maximum discharge values. Average yearly flows were calculated using only the 30 day
average discharge values. Average flow and maximum monthly discharges for each recorded
year and explosives loadings are tabulated in Appendix M, indicating whether average or
maximum flows were used to calculate loadings.

3.1.2 Wastewater Contribution to Stream Flow

Dry weather stream flow occurs when there is no surface water runoff contribution to the flow
and provides a conservative scenario for assessing wastewater impacts on the streams.
Wastewater contribution to dry weather stream flow was estimated for Brush Creek, since
available data for other site streams was not sufficient for detailed evaluation. The average
yearly discharge flows to Brush Creek for 1994, 1995, and 1996 and the average discharge for
the three year period is shown in Table 3-2. below.

Table 3-2. Average Annual Wastewater Discharge !
Discharge Flow
0 1996 1995 1994 Average

utfall

gpm cfs gpm cfs gpm cfs gpm cfs
#11 0 0 0 0.0000 0.180 0.0004 0.045 0.0001
#12 0.359 0.0008 0.18 0.0004 0.404 0.0009 0.314 0.0007
#13 2839 0.6326 329.9 0.7351 262.5 0.5850 292.1 0.6509
#21 0.135 0.0003 0.045 0.0001 0.180 0.0004 0.135 0.0003
#22 0.045 0.0001 0.045 0.0001 0.045 0.0001 0.045 0.0001
#32 0 0 0.898 0.0002 0.404 0.0009 0.180 0.0004
#33 0.180 0.0004 0.045 0.0001 0.090 0.0002 0.090 0.0002
#51 0 0 0 0 0 0 0 0
#82 0.268 0.0055 0 0 0 0 0.088 0.0018

" Includes outfalls monitored for both flow and explosives.

Stream flows in Brush Creek were estimated from Task 9 (Stream Flow Meters, Site Drainages),
in which flows were monitored at the D, I, H, and K Road bridges (see Section 3.9). The flow
measurements for May 24, 1997, were selected as representative of Spring season dry weather
flow, since the preceding 5 days had been dry. These flows are summarized in Table 3-3. Only
outfall 13 was actually discharging to the creek on that day.
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Table 3-3. Typical Dry Weather Flows on Brush Creek !

Location Along Creek Flow (cfs/gpm)

D-Road {meter 9C) 0.11/494

|-Road (meter 9D) 0.19/85.3

H-Road (meter 9G) 0.86/386

K-Road (meter 9H) 2.65/1,189

' Based on flow measurements on May 24, 1997.

Wastewater outfalls to Brush Creek upstream of these flow metering locations were grouped
together and summed to obtain a cumulative outfall flow, shown in Table 3-4, below.

Table 3-4. Average Wastewater Discharge
. Average Outfall Flow, 1994-1996 (cfs)
Location Outfall Discharge Combined Cumulative
D Road #11 0.0001
#12 0.0007 0.0008 0.0008
#51 0
I Road #21 0.0003
#22 0.0001
#37 0.0007 0.0010 0.0018
#33 0.0002
H Road #82 0.0018 0.0018 0.0036
K Road #13 0.6509 0.6509 0.6545

The estimated wastewater discharge contribution to stream flow from the various outfalls was
calculated as the percentage of the cumulative average flows from outfalls discharging to Brush
Creek compared to measured creek flows for each meter location. Results are shown in Table 3-
5, below.

Table 3-5. Wastewater Discharge to Brush Creek
Location Stre?;vsflow V(i/g’s"t:::gl‘z C:rahsi:ftxlg;rto
Flow (cfs) Stream Flow
D Road 0.11 0.0008 0.72%
I Road 0.19 0.0018 0.94%
H Road 0.86 0.0036 0.42%
K Road 265 0.6545 24.70%

The average cumulative discharges from all outfalls upstream of H Road are less than 1 percent
of the stream flow. In these reaches, during dry weather periods, groundwater and any
unmonitored discharges must contribute the balance of stream flow. The major flow increment
occurs where the treatment plant outfall (#13) enters the creek, just downstream of H Road, after
which the cumulative outfall discharge is approximately 25 percent of the spring dry weather
flow in Brush Creek.

3.1.3 Wastewater Contribution to Explosives Concentrations

Based on yearly average flows and explosives concentrations, mass loadings were calculated for
each reach of Brush Creek corresponding to the storm water flow monitoring discussed Section
3.1.2. The tabulations and calculations are provided in Appendix M. The mass loadings were
then used to estimate in-stream concentrations of explosives for the dry weather scenario using
mass balance techniques, as follows:
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Cstream = andes X Cnpdes ! Qgtream; Where

‘C’ is concentration and Q is flow. Results are summarized in Table 3-6.

Table 3-6. Calculated In-Stream Flow Concentrations
Calculated In-Stream Concentration (ug/l)
Year D-Road I-Road H-Road K-Road |
{Qstean=0.11 cfs) | (ostrean=0.19 cfs) | (astrean=0.86 cfs) | (astrean=2.65 cfs}
1997(Jan-March) 5.56 12.40 274 0.89
1996 2.02 3,42 0.75 0.24
1995 1.52 4,59 1.01 0.33
1994 17.20 26.16 5.78 1.88
1993 523 22.25 4,92 1.60
1992 2.87 5.76 1.27 0.41
1991 32.54 20.79 4.59 1.49
1990 1.85 6.64 1.47 0.48
1989 (June-Dec) 2.70 8.69 1.92 0.62
Average 7.94 12.30 2.72 0.88

The calculated average explosives concentrations were compared to results of surface water
sampling performed in Task 7 (Surface Water and Sediment Sampling, Site Drainages), as
shown in Table 3-7, below. General sample locations were shown in Figure 1-3.

Table 3-7. Explosives Concentrations in Brush Creek
Location ! Sample Location Actual Concentration (ug/i) Calculated Concentration (ug/l)
D Road 7E 323 7.94
I Road 7F 10.2
75 46 12.30
H Road 7 5.3
7J 6.8 272
K Road 7K 2.67
7L 7.9 0.88
™ 7.9

1 Samples are downstream of this location. Calculated concentrations are at this location.

Based on information provided by Mason & Hanger, there were no discharges on the days when
the 1997 sampling covered in this report occurred, except at the wastewater treatment plant
where explosives are not monitored. Discharges from some outfalls had occurred between 2 and
5 days before sampling at a few locations. Nonetheless, the sampling appears to reflect baseline
conditions. Although generally in the same order of mnagnitude, sample concentrations are
higher than calculated concentrations except at I Road, the balance possibly due to groundwater
or other discharges not monitored for explosives. At K Road, in particular, the difference
between sample and calculated concentrations is relatively large and could result from the
significant flow from outfall #13, which is not monitored for explosives. It is important to note
that flow and mass loadings were determined based on average flows, except for those months
where the reported average flows were zero. Since many discharges are non-continuous, use of
average flows tends to underestimate the flow and mass loading of contaminants from an actual
discharge event. Use of maximum discharge flows tends to exaggerate the loading. These have
opposing effects, but do not necessarily cancel each other.

3.2 Monitoring Well Inventory & Inspection

The updated monitoring well inventory generated in this task is provided in Appendix I, listing
well number, location, survey data, and current status. A total of 335 possible wells or
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piezometers were identified from initial records searches, including wells installed in this
investigation. Subsequent efforts to locate and inspect these wells indicated 57 which either
could not be located, and were known or presumed to have been abandoned, or were water
supply wells, gas probes, or other facilities not suitable for groundwater monitoring. As a result,
278 wells or piezometers were identified as potentially available for measurement of
groundwater levels. Locations of these wells are shown on Figure 3-2. Well inspection reports
are included in Appendix I and identify a number of potential maintenance concemns such as
missing caps and locks.

3.3 Basewide Groundwater Level Measurements

Groundwater levels were measured in 262 monitoring wells and piezometers during the week of
May 19, 1997. Readings are included in the well inventory summary included in Appendix L
Readings were converted to elevations following surveying in Task 4 (Survey Existing
Monitoring Wells), and differentiated between shallow groundwater, deep groundwater, and
bedrock wells for preparation of basewide potentiometric contour maps. Resultant maps and
discussion of basewide groundwater flow is provided in Section 4.0.

3.4 Resurvey Monitoring Wells

In this task, ground and measurement point elevations and state plane coordinates were
resurveyed or surveyed for approximately 288 existing and new wells and piezometers. Revised
elevations and locations were entered in the monitoring well inventory for the site and were used
as appropriate throughout this report. The surveyor’s final report is provided in Appendix H and
notes the following:

“The GPS survey was performed to FGCS accuracy standard Order C 2-1 as outlined in
‘Geometric_Geodetic Accuracy Standards and specifications for Using GPS Relative
Positioning Techniques’ Version 5.0 dated May 11, 1988, reprinted with corrections
August 1, 1989. This accuracy standard allows for a base error (e) of 2.0 cm and a line-
length dependent error of 20 ppm (i.e., 1:50,000) at 95% confidence level.

The acutely achieved survey accuracy is about 1 cm horizontally, and 1 to 2 cm vertically.”

Figure 3-2 shows the location of the surveyed wells and piezometers. Coordinates are provided
in Appendix H and in the well inventory in Appendix L

3.5 Well Hydraulic Integrity Testing

Based on inspections in Task 2 (Groundwater Monitoring Well Inventory) and measurements in
Task 3 (Basewide Groundwater Level Measurements), twenty-eight existing wells were selected
for hydraulic integrity testing. Short-term testing utilized falling head slug test methods as
described in Section 2.0 to determine whether the well screens are in hydraulic communication
with the surrounding aquifer. Permeability values were not calculated. To the extent feasible,
the selection of wells to be tested was made as follows:

. No tests were performed in wells fitted with dedicated sampling pumps or
dedicated samplers, which would have had to be removed and reinstalled. The
presence of sampling pumps suggests that the wells are sampled at least
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periodically and they should be reliable. The wells selected for testing represent
just under 1/3 of the wells not equipped with pumps or bailers.

Older wells were given preference, with the selected wells generally installed in
the 1980s. Although the approved work plan requires that a small number of
newer wells be tested for comparison, these are almost all equipped with sampling
pumps. Therefore, slug tests in new wells installed in this investigation are used
for comparison.

Most tested wells are completed in the shallow groundwater zone, as were most
existing wells at IAAAP. However, some wells screened in the lower till and
bedrock are included.

The tested wells are distributed across the property, to the extent possible, and
among each of the Brush, Long and Spring Creek watersheds. Geographic
distribution is somewhat uneven because of the unavailability of suitable wells in
some cases. However, the wells to be tested do not represent all wells available
for water level measurements, just those without pumps installed.

The selected wells are included with those shown on Figure 3-2. Evaluation of the data obtained
from the short term slug tests and principal conclusions are provided in Table 3-8, below. The
evaluation was based on comparing the test results to data obtained from successful slug tests
performed in other newly installed wells, and on field observations during the testing. Several
wells were switched in the field based on inspection and the results of both are shown. Data
printouts from the testing are provided in Appendix G.

Table 3-8. Results of Hydraulic Integrity Testing, Existing Wells
Well Drainage/Location Water Level Response Comments
FL-1 Long Creek/Flyash Landfill Good Well usable.
FL-3 Long Creek/Flyash Landfill Good Well usable.
FL-6 Long Creek/Flyash Landfill Slow, steady Well usable.
FL-9 Long Creek/Flyash Landfill Good Well usable.
NEP-C Long Creek/Flyash Landfill Not tested Uncapped PVC, no surface casing, unsecured. Should abandon.
SEP-C Long Creek/Flyash Landfill Not tested Uncapped PVC, no surface casing, unsecured. Should abandon.
SEP-W Long Creek/Flyash Landfili Not tested Uncapped PVC, no surface casing, unsecured. Should abandon.
DM-1 Long-Brush Creek/Fuel Station No response Did not recover. Not usable. Should be abandoned.
DM-2 Long-Brush Creek/Fuel Station Good Well usable.
MW1-94 Long-Brush Creek/Fuel Station Anomalous Tests suggest well silted and not usable. Clean or abandon.
MW2-94 Long-Brush Creek/Fuel Station | Anomalous Tests suggest well silted and not usable. Clean or abandon.
JAZ-629 Spring Creel/K-Road Good Well usable.
GZ-1 Brush Creek/Line 1 Very slow Well usable.
GZ-2A Brush Creek/Line 1 Extremely slow Well usable. May recover slowly after disturbance.
JAW-38 Brush Creek/Line 1 Very slow Well usable. May recover slowly after disturbance
JAW-41 Brush Creek/Line 1 Very slow Well usable. May recover slowly after disturbance
G-17 Brush Creek/Line 800 Good Well usable.
G-18 Brush Creek/Line 800 Good Well usable.
G-42 Brush Creek/Line 800 Very slow, steady Well usable.
G-43 Brush Creek/Line 800 Fast Well usable.
G-47 Brush Creek/Line 800 Fast Well usable.
JAW-78 Brush Creek/Line 800 Fast Well usable.
JAW-79 Brush Creek/Line 800 Fast Well usable.
R10PZ-1 Brush Creek/Line 9 Not tested 1-inch diameter piezometer. Not suitable for lesting.
GZ3-1 Brush Creek/Line 1 Very good Well usable.
MW2-92 Spring Creek/North Bumn Pad Not tested Well obstructed. Should be abandoned.
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Table 3-8. Results of Hydraulic Integrity Testing, Existing Wells
Well Drainage/Location Water Level Response Comments
G-8 Long Creek/Firing Site Very fast Well usable
G-15 Brush Creek/SW of Line 2 Good Well usable.
G-54 Brush Creek/Downsiream Good Well usable.
G-55 Brush Creek/Downstream Slow, steady Well usable.
GZ3-2 Brush Creek Not tested Insufficient water to test (<1 ). Probably usable.

Based on these results, a few of the tested wells are not usable for water levels and should be
abandoned. These include: MW2-92, NEP-C, SEP-C, SEP-W, and DM-1. MW1-94 and MW2-
94 appear to be silted and should either be abandoned or reconditioned, if possible. Verification
that additional wells are not usable would require that remaining wells be evaluated. However,
the testing suggests that most existing wells at the site are usable and should be maintained for
possible future use.

3.6 Ammunition Box Chipper Disposal Pit

This task had three components: reviewing historical aerial photographs to identify visual
evidence of past disposal; determining shallow groundwater flow direction by obtaining
potentiometric measurements in three existing monitoring wells; and collection of seven (7)
direct push groundwater samples and three (3) existing monitoring well samples for laboratory
analysis.

Aerial Photographs. The ammunition box chipper disposal area reportedly was active
over a three-month period in the 1972 to 1975 time frame. The reported location of the disposal
area is shown by JAYCOR in the south part of the general area, southwest of an oval shaped
road and a rail loading facility. Historical aerial photographs for the years 1963, 1969, 1978,
1983, 1990, and 1994 were obtained and reviewed to determine if a more accurate location could
be identified. Little or no evidence of past disposal is evident from examination of these photos.
The 1978 photo is duplicated on Figure 3-3 and is the most relevant to this task, being the first
photos taken after reported activity at this site. This photo indicates conditions apparently little
changed from other years and specifically similar to the 1969 photo, the next earlier. The
general area of concern appears to be grassed. Minor ground disturbance may be present in the
general area of concern based on slight irregularities in the photo. However, this could be
natural and no clear indication of the disposal pit is apparent. The general area is bounded on the
south by a farm field, which probably represents an area where disposal activities would not have
been undertaken. This field is essentially unchanged in all photo years, suggesting a south
boundary for subsequent investigations.

Groundwater Levels. Groundwater levels were measured in existing monitoring wells
JAW620, JAW621, and JAW622 on May 7, 1997. Levels were measured relative to the top of
casing and surveyed well elevations taken from the Draft Final RI Report (JAYCOR 1992).
Measurements are shown in Table 3-9, below.

Table 3-9. Groundwater Levels, Ammunition Box Chipper Disposal Area (Task 6)
Well No. Ground Elevation Stick-Up TOC Elevation GW Depth GW Elevation
JAW-620 703.66 2.46' 706.12 -5.78' 700.34
JAW-621 699.42 2.46' 701.88 -5.38' 696.50
JAW-622 698.21 2.46' 700.67 -4.23' 696.44

TOC = Top of Casing. GW = Groundwater.
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The relative locations of these wells were field surveyed by tape and compass to obtain more
accurate locations than available on existing maps. Generalized potentiometric contours were
determined by arithmetic triangulation shown on Figure 3-3 , and indicated flow in the shallow
groundwater zone to be almost due south across the area.

Groundwater Samples. Since aerial photos provided no conclusive evidence of the
disposal site, seven (7) sample locations were selected in consultation with USEPA and USACE,
based on groundwater flow, to span the suspect area from upgradient (north) to downgradient
(south). Locations are shown as 6A through 6G on Figure 3-4 and provide a north-south line
through the middle of the area. Locations 6D, 6E, and 6G provide an east-west line across the
south (downgradient) boundary, along with JAW621 and JAW 622. Location 6C is an
upgradient location and location 6F is to the west, downgradient from other areas of past site
activity.

One direct push groundwater sample, six temporary well samples, and samples from the three
existing wells were collected (total of 10) between June 16 and 18, 1997 and analyzed in the
fixed laboratory for explosives and SVOCs. Soils encountered during drilling of 6A through 6G
were black, silty clay topsoil (OL) one to two feet thick underlain by gray to black and brown
mottled, silty and sandy clay tills with some gravel (CL). A clayey sand zone was encountered
between depths of 7.5 and 11 feet in boring 6G, but was described as becoming increasingly
clayey with depth. Groundwater was encountered in all borings between depths of about 4.5 and
10 feet. Although hydropunch sampling was attempted in each boring, this method was
successful only in boring 6C. In all other borings, temporary PVC wells were installed and
groundwater samples collected after sufficient water had entered the well. RDX at 2.8 ug/L was
detected in existing monitoring well JAW620 and 1,3-dinitrobenzene at 4 ug/L was detected at
location 6G.  Bis(2-ethylhexyl)phthalate was detected in the three existing wells at
concentrations of 76.7 ug/L, 70.8 ug/L, and 26.4 ug/L in JAW620, 621, and 622, respectively.
This SVOC was not detected in any of the direct push or temporary well samples, suggesting that
they could be associated with installation of the existing wells. However, this cannot be verified.
Sample results are illustrated and discussed in Section 5.0, Nature and Extent of Contamination.

3.7 Sediment and Surface Water Sampling

A tabulation of analytical results for sediment and surface water samples collected in this task
are provided in Appendix J and laboratory reports are provided in Appendix K, including
detection limits. Sample locations are shown on Figure 3-5. Sample depths ranged from 1 to
about 4.5 feet and samples were analyzed in the fixed laboratory variably for VOCs, SVOCs,
explosives, and TAL metals. Specific sample depths and analytical parameters are summarized
in Table 3-10.

Table 3-10. Sediment Sample Locations, Depths, and Analytical Parameters
Sample Location & Sample Depths Analytical Parameters
Number {ft) voC svoc Expl. Metals

74-1 0-1 v v v v

7B-1 0-1 v v v v
3-4 v v

7C-1 0-1 v v v v
3-4 v v

7D-] 0-1 v v v v

7E-1 0-1 v v v v

@ MONTGOMERY WATSON HARZA

Page 38



Supplemental Basewide Ri Report (1997) 3.0 Study Area Investigation

lowa Army Ammunition Plant August 31, 2001/Revision 3

Table 3-10. Sediment Sample Locations, Depths, and Analytical Parameters \
Sample Location & Sample Depths Analytical Parameters |
Number {ft) VOC svoC “Expl. Metals |
3-4 v v |

7E-2 0-1 v v

7F-1 0-1 v v v v
7F-2 0-1 v v
7G-1 0-1 v v v v ]

7G-2 0-1 v v

7H-1 0-1 v v v v

3_4 v v

7H-2 0-1 v v

7I-1 0-1 v v v v

]_2 v v

712 0-1 v v

701 0-1 v v v v

2.75-3.25 v v

7J-2 0-1 v v

7K-1 0-1 v v v v

1.5-2.5 v v

7K-2 0-1 v v

7L-1 0-1 v v v v

7L-2 0-1 v v

2.7-3.3 v v

M-I 0-1 v v v v

3-4 v v

4.5-5.5 v v

TM-2 0-1 v v

7N-1 0-1 v v v v

70-1 0-1 v v v v

3-4 v v

4.5 v v

7P1 0-1 v v v v

701 0-1 v v v v

Results are summarized in the following sections by watershed and are discussed further in
Section 5.0, Nature and Extent of Contamination.

3.7.1  Spring Creek Watershed

A total of six sediment samples and four surface water samples were analyzed from four
sampling areas in the Spring Creek Drainage. Sample locations are numbered 7A through 7D on
Figure 3-5 .

3.7.1.1 Sampling Area 7A.

Area 7A is located in the upstream reaches of Spring Creek just east of Yard C. One sediment
sample and one surface water sample were collected. Sediment thicknesses were insufficient for
deeper sediment samples. Results of organic analyses are summarized in Table 3-11.

Table 3-11. Organics Detected in Sediment and Surface Water Sampling Area 7A i
Sampling Location Sediment Surface Water
Location 7A1 (11t) VOCS: Methylene chloride (18.8 ug/kg)(B) VOCs: Methylene chloride (10.1 ug/L)(B).
SVOCs: Butylbenzylphthalate (293 ug/kg)(J) SVOCs: None
Explosives: None Explosives: None

J = Estimated value below the quantitation limit. B = Detected in blank as welt as sample.
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Methylene chloride also was detected in the blank and is considered a laboratory contaminant.
Results of selected metals analyses are summarized in Table 3-12, focusing on the eight RCRA
metals. A full tabulation of results is included in Appendix J.

Table 3-12. RCRA Metals Detected in Sediment & Surface Water, Area 7A, Spring Creek
Parameter Sediment (1' depth) (mg/kg) Surface Water (mg/L)
Arsenic 5.6 0.0013
Barium 189 0.16
Cadmium ND ND
Chromium 6.5 ND
Lead 14.9 ND
Mercury ND ND
Selenium 0.42 ND
Siiver 0.92 ND

3.7.1.2 Sampling Area 7B.

Area 7B is located on Spring Creek east of Yard D. Two sediment samples from one location

and one surface water sample were collected. Results of organic analyses are summarized in
Table 3-13, below.

Table 3-13. Organics Detected in Sediment and Surface Water Sampling Area 78
Sampling Location Sediment Surface Water
. VOCS: Methylene chloride (8.7 ug/kg)(B) VOCs: Methylene chioride (12.1 ug/L)(B).
Location 781 (1) SVOCs/Explosives: None SVOCs: None
. VOCS/SVOCs: NA E :
Location 7813 f}) Explosives: None i%

J = Estimated value below the quantitation limit. B = Detected in biank as well as sample. NA = not analyzed.

The only organics detected were methylene chloride, also found in the blank, and a trace
concentration of the explosive RDX in the surface water sample. Results of RCRA metals
analysis are summarized in Table 3-14.

| Table 3-14. RCRA Metals Detected in Sediment & Surface Water, Area 7B, Spring Creek
Sediment (mg/kg) Surface Water
Parameter BI (1) B1(3) (mg/L)
Arsenic 1.4 1.8 0.0017
Barium 68.2 113 0.14
Cadmium ND ND ND
Chromium 2.1 4.5 ND
Lead 44 6.4 ND
Mercury ND ND ND
Selenium ND 0.12 ND
Silver ND ND ND

ND = Not Detected.

3.7.1.3 Sampling Area 7C.

Area 7C is located on Spring Creek near the southeast IJAAAP property boundary. Two
sediment samples from one location and one surface water sample were collected. Results of
organic analyses are summarized in Table 3-15.
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Table 3-15. Organics Detected in Sediment and Surface Water Sampling Area 7C

Sampling Location Sediment Surface Water
. VOCS: Methylene chloride (6.5 ug/kg)(B) VOCs: Methylene chiloride (8.3 ug/L)(B).
Location 7C1 (1) I"syoCs/Explosives: None SVOCs: None
Location 7C1 (3 | LOCSSVOCS AR Explosives: RDX (0.5 ug/L)())
Explosives: None ‘ S :

J = Estimated value below the quantitation limit. B = Detected in blan well ample. NA not analy

The only organics detected were methylene chloride, also found in the blank, and a trace
concentration of the explosive RDX in the surface water sample. Results of RCRA metals
analysis are summarized in Table 3-16.

Table 3-16. RCRA Metals Detected in Sediment & Surface Water, Area 7C, Spring Creek
Sediment (mg/kg) Surface Water
Parameter (7 C1 ) (mg/L)
Arsenic 47 5 0.0017
Barium 109 58.2 0.14
Cadmium ND ND ND
Chromium 2.9 5.7 ND
Lead 6.3 54 ND
Mercury ND ND ND
Selenium 0.093 0.11 ND
Silver ND ND ND

ND = Not Detected.

3.7.1.4 Sampling Area 7D.

Area 7D is about one mile southeast of the IAAAP property boundary on the Spring Creek
Drainage. One sediment sample from a depth of 1 ft at one location and one surface water
sample were collected. Methylene chloride at 7.6 ug/kg was detected in the sediment sample,
but also in the blank and is considered a laboratory contaminant. No other VOCs, and no
SVOCs or explosives were detected in the sediment sample. No VOCs, SVOCs, or explosives
were detected in the surface water sample at this site. RCRA Metals detections are summarized
in Table 3-17.

Table 3-17. RCRA Metals Detected in Sediment & Surface Water, Area 7D, Spring Creek
Parameter Sediment (1' depth) (mg/kg) Surface Water (mg/L)
Arsenic 1.4 0.0016
Barium 124 0.12
Cadmium ND ND
Chromium 58 ND
Lead 89 ND
Mercury ND ND
Selenium ND 0.0012
Silver 0.87 ND

ND = Not Detected.

3.7.2 Brush Creek Watershed

A total of 26 sediment samples and 9 surface water samples were collected from among nine
Jocations along the Brush Creek Drainage. Sampling locations are designated on Figure 3-5 as
7E through 7K within the JAAAP boundaries and 7L and 7M downstream from the JAAAP
boundaries.
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3.7.2.1 Sampling Area 7E.

Three sediment samples from two locations and one surface water sample were collected from
area 7E, located in the upstream reaches of Brush Creek near the north boundary of Line 1.
Results of organic analysis are summarized in Table 3-18, below.

Table 3-18. Organics Detected in Sediment and Surface Water Sampling Area 7E
Sampling Location Sediment Surface Water
Location 7E1 (1 ft) VOCS: Methylene chloride (7.9 ug/kg)(B) VOCs: Methylene chloride (4.5 ug/L)(B).
SVOCs/Explosives: None SVOCs: None
Location 7E1 (3 f) VOCS/SVOCs: NA Explosives: RDX (9.3 ug/L); HMX (23 ug/)
Explosives: None

Location 7TE2 (1 ft) VOCS/SVOCs: NA .
Explosives: RDX (470 ug/kg)(J) o
J = Estimated value below the quantitation limit. B = Detected in blank as well as sample. NA

= not analyzed

Other than methylene chloride, also found in the blank, the only organics detected were RDX in
the sediment sample from location 7E2 and of RDX and HMX in the surface water sample.
Results of RCRA metals analysis are summarized in Table 3-19.

Table 3-19. RCRA Metals Detected in Sediment & Surface Water, Area 7E, Brush Creek
Sediment (mg/kg) Surface Water
Parameter E1(1) E1(3) E2(1) {mg/L)
Arsenic 30.8 0.43 14.4 0.00088
Barium 128 24.2 144 0.12
Cadmium ND ND ND ND
Chromium 13.7 4.9 7.5 ND
Lead 18.1 4.4 14.7 0.0013
Mercury ND ND ND ND
Selenium 0.25 0.4 0.18 ND
Silver 1.2 ND 0.84 ND

ND = Not Detected.

3.7.2.2 Sampling Area 7F.

Area F is on Brush Creek between Lines 2 and 3. Two sediment samples from 2 locations and
one surface water sample were collected. Organics are summarized in Table 3-20.

Table 3-20. Organics Detected in Sediment and Surface Water Sampling Area 7F
Sampling Location Sediment Surface Water
Location 7F1 (1 ft) VOCS: Methylene chloride (8.3 ug/kg)(B) VVOCs: Methylene chloride (12.4 ug/L)(B).
SVOCs: Nore SVOCs: None
Explosives: RDX (400 ug/kg)(J) Explosives: RDX (5.2 ug/L); HMX (5 ug/L
Location TF2 (1 ft) VOCS/SVOCS: NA i U . ‘
Explosives: RDX (310 ug/kg){J) - .

J = Estimated value below the quantitation limit. B = Detected in blank as well as samp]e NA = not ana]yzed

RDX was detected at small concentrations in each sample and HMX in the water sample.
Methylene chloride, also found in the blank, was the only VOC detected. RCRA metals analysis
are summarized in Table 3-21.
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Table 3-21. RCRA Metals Detected in Sediment & Surface Water, Area 7F, Brush Creek
Sediment (m, Surface Water

Parameter F1(1) (k) F2(7) (mg/L)

Arsenic 11.4 9.5 0.00087

Barium 99.8 96.8 0.11

Cadmium ND ND ND

Chromium 7.7 12.3 ND

Lead 17.2 13.6 0.0014

Mercury ND ND ND

Selenium 0.18 0.13 ND

Silver ND 1.8 ND

ND = Not Detected.

3.7.2.3 Sampling Area 7G.

Area G is located on a tributary to Brush Creek that drains Lines 7 and 9 and part of Line 3,
entering Brush Creek from the west. Two sediment samples from two locations and one surface
water sample were collected. Methylene chloride (8.7 ug/kg in the sediment sample from F1 and
11.6 ug/L in the water sample) was the only VOC, SVOC, or explosive chemical detected in
these samples. Results of RCRA metals analysis are summarized in Table 3-22, below.

Table 3-22. RCRA Metals Detected in Sediment & Surface Water, Area 7G, Brush Creek
Parameter Sediment (mg/kg) Surface Water

G1(1) G2(1) (mg/L)

Arsenic 3.9 8.8 0.00092

Cadmium ND ND ND

Chromium 6.7 7.5 ND

Lead 9.6 12.3 0.002

Mercury ND ND ND

Selenium 0.16 0.18 ND

Silver ND ND ND

ND = Not Detected.

3.7.2.4 Sampling Area7H.

Area H is located on a tributary to Brush Creek that drains the west part of Line 800. Three
sediment samples from two locations and one surface water sample were collected. Results of
organic analysis are summarized in Table 3-23.

Table 3-23. Organics Detected in Sediment and Surface Water Sampling Area 7H
Sampling Location Sediment Surface Water
Location 7TH1 (1 ft) VOCS: Methylene chioride (18.8 ug/kg)(B) VOCs: Methylene chioride (11.7 ug/L)(B).
SVOCs/Explosives: None SVOCs: None
Location 7H1 (3 ft) VOCS/SVQCs: NA Explosives: RDX (3 ug/L); HMX (1.6 u
Explosives: None
Location 7H2 (1 ft) VOCS/SVOCs: NA
Explosives: RDX (330 ug/kg)(J).

J = Estimated value below the quantitation limit. B = Detected in blank as well as sample.

Methylene chloride was the only VOC or SVOC detected in the samples, and also in the blank
and is considered a laboratory contaminant. Small concentrations of RDX were found in the
sediment sample from H2 and in the surface water sample. No other explosive compounds were
detected. Detections of RCRA metals are summarized in Table 3-24.
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Table 3-24. RCRA Metals Detected in Sediment & Surface Water, Area 7H, Brush Creek
Parameter Sediment (mg/kg) Surface Water (mg/L)
H1(1) H1(3) H2(1)

Arsenic 7.1 6.4 5.7 0.00093

Barnum 182 45 99.9 0.12

Cadmium 1.3 ND ND ND

Chromium 10.7 6.4 12 ND

Lead 9.6 8 9.5 0.0017

Mercury ND ND ND ND

Selenium 0.14 0.47 0.26 0.00094

Silver ND ND 0.9 ND

ND = Not Detected.

3.7.2.5 Sampling Area 7.

Area I is just downstream of Line 2 and of the confluence of Brush Creek with a small stream
draining the Line 800 area. It is upstream of the wastewater treatment plant discharge point.
Three sediment samples from two locations and one surface water sample were collected.
Results of organics analysis are summarized in Table 3-25.

Table 3-25. Organics Detected in Sediment and Surface Water Sampling Area 71

Sampling Location Sediment Surface Water

Location 711 (1 ft) VOCS: Methylene chloride (7.2 ug/kg)(B) VOCs: Methylene chloride (10.4 ug/L)(B)
SVOCs: Phenanthrene (64.3 ug/kg)(J) SVOCs: None
Anthracene (64.9 ug/kg)(J)
Pyrene (139 ugkg)(J) Explosives: RDX (3.4 uglL
Benzo(a)anthracene (47.8 ug/kg)(J) HMX (1.9 ug/)
Chrysene (57.2 ug/kg)(J)
Benzo(a)pyrene (64.6 ug/kg)(J).

Explosives: RDX (9,900 ug/kg); HMX (1,900
ug/kg); 2,4,6-Trinitrotoluene (7,300 ug/kg); 2,4-
Dinitrotoluene (800 ug/kg)(J); 4-Amino-2,6-
Dinitrotoluene (2,000 ug/kg); 2-Amino-4,6-
Dinitrotoluene (7,000 ug/kg).

Location 7H (3 ) VOCS/SVOCs: NA B
Explosives: None £
Location 712 (1 /) VOCS/SVOCs: NA

Explosives: RDX (460 ug/kg)(J). ; :
J = Estimated value below the quantitation limit. B = Detected in blank as well as sample. NA = Not analyzed.

Detections of organic chemicals included PNAs and explosives in the shallow sample from 71,
and trace concentrations of explosives in other samples. RCRA Metals detections are
summarized in Table 3-26.

Table 3-26. RCRA Metals Detected in Sediment & Surface Water, Area 71, Brush Creek
Sediment (mg/ki Surface Water (mg/L)
Parameter "1 11(3) : 12(1)

Arsenic 4.3 3.9 2.1 0.0013
Barium 567 169 84.4 0.15
Cadmium ND ND ND ND
Chromium 415 17.7 10.7 ND
Lead 8.9 22.7 5.3 0.003
Mercury ND ND ND ND
Selenium 0.19 0.26 ND 0.0011
Silver 6.8 0.82 0.78 ND

ND = Not Detected.
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3.7.2.6 Sampling Area 7J.

Area J is located about one mile downstream from Line 2 on Brush Creek between Yards “D”
and “E”. Three sediment samples from two locations and one surface water sample were
collected. Organic results are summarized in Table 3-27.

Table 3-27. Organics Detected in Sediment & Surface Water Sampling Area 7J
Sampling Location Sediment Surface Water
Location 7J1 (1 ft) VOCS: Methylene chloride (16.7 ug/kg)(B) VOCs: Methylene chloride (11.3 ug/L)(B)
SVOCs: None SVOCs: None
Explosives: RDX (470 ug/kg) (J) Explosives: RDX (5.3 ug/L)
2,4,6-Trinitrotoluene (760 ug/kg) (J) HMX (1.6 ug/L)
4-Amino-2,6-Dinitrotoluene (660 ug/kg) (J)
Location 7J1 (3 f) VOCS/SVOCs: NA
Explosives: None
Location 7J2 (1 f1) VOCS/SVOCs: NA

Explosives: RDX (460 ug/kg)(J).
J = Estimated value below the quantitation limit. B = Detected in blank as well as sample. NA = Not analyzed.

Small concentrations of several explosive chemicals were detected in the shallow sample from both
sampling sites and were the only organic detections other than methylene chloride. Results of RCRA
metals analysis are summarized in Table 3-28.

Table 3-28. RCRA Metals Detected in Sediment & Surface Water, Area 7J, Brush Creek
Sediment (mg/kg) Surface Water (mg/L)
Parameter AT 71(3) J2(1)
Arsenic 5.2 3.6 13.8 0.00079
Barium 130 62.4 123 0.11
Cadmium ND ND ND ND
Chromium 12.7 11.4 20.8 ND
Lead 10.9 9.7 19.8 ND
Mercury ND ND ND ND
Selenium 0.16 0.53 0.3 0.0012
Silver 0.64 ND 42 ND

ND = Not Detected.

3.7.2.7 Sampling Area 7K.

Area K is located near the junction of Brush Creek and Plant Road “K”, in the area of wells
installed in Task 13 (4dditional Groundwater Data, Downstream Reach of Brush Creek). Three
sediment samples from two locations and one surface water sample were collected. Organic
results are summarized in Table 3-29.

Table 3-29. Organics Detected in Sediment & Surface Water Sampling Area 7K

Sampling Location Sediment Surface Water
Location 7K1 (1 ft) VOCS: Methylene chlonde (13.3 ug/kg)(B) VOCs: Methylene chloride (8.8 ug/L)(B)
Toluene (2.8 ug/kg)(J)
SVOCs: None SVOCs: None
Explosives: None Explosives: RDX (1.7 ug/L)
HMX (0.97 ug/L)(J

Location 7K1 (3 ft) VOCS/SVOCs: NA
Explosives: None

Location 7K2 (1 ft) VOCS/SVOCs: NA
Explosives: None : -
J = Estimated value below the quantitation limit. B = Detected in blank as well as sample. NA = Not analyzed.
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Other than methylene chloride, also detected in the blank, detections were limited to trace levels
of toluene in one sediment sample and of RDX and HMX in the surface water. Results of RCRA
metals analysis are summarized in Table 3-30.

Table 3-30. RCRA Metals Detected in Sediment & Surface Water, Area 7K, Brush Creek ﬁ\
Sediment (mg/kg} Surface Water (mg/L)
Parameter K1 {1) K1 (3) K2 (1)
Arsenic 1.9 42 5.4 0.0012
Barium 67.1 39.8 109 0.11
Cadmium ND ND ND ND
Chromium 5.8 7.2 9.2 ND
Lead 8.2 7.7 10.3 ND
Mercury ND ND ND ND
Selenium 0.084 0.25 0.11 0.0014
Silver ND ND 0.77 ND

ND = Not Detected.

3.7.2.8 Sampling Area 7L.

Area 7L is located approximately %2 mile downstream from the IAAAP property boundary just
above the confluence with an unnamed tnbutary entering from the west. Three sediment
samples from two locations and one surface water sample were collected. Organic detections are
summarized in Table 3-31.

Table 3-31. Organics Detected in Sediment & Surface Water Sampling Area 7L
Sampling Location Sediment Surface Water
Location 7L1 (1 f) VOCS: Methylene Chloride (6 ug/kg)(/B) VOCs: None
Toluene (3.1 ug/kg)(J)
SVOCs: 4-Methylphenol (62.1 ug/kg)(J) SVOCs: None
Explosives: None Explosives: RDX (6.2 ug/L)
HMX (1.7 ug/L)

Location 7L2 (1 ft) VOCS/SVOCs: NA
Explosives. None
Location 7L2 (2.7 ft) VYOCS/SVOCs: NA
Explosives: None
J = Estimated value below the quantitation limit. B = Detected in blank as well as sample.

Other than methylene chloride, detections included trace concentrations of the VOC toluene and
the SVOC 4-methylphenol in the shallow sediment sample from location Lland the explosives
RDX and HMX in the surface water sample. No explosives were detected in the other sediment
samples. Results of RCRA metals analysis are summarized in Table 3-32.

Table 3-32. RCRA Metals Detected in Sediment & Surface Water, Area 7L, Brush Creek
Sediment (mg/ki Surface Water (mg/L)
Parameter L1 Li(27) 2 L2(1)
Arsenic 6.7 3 3.6 0.0012
Banum 71.2 41 93.6 0.11
Cadmium ND ND ND ND
Chromium 57 6.2 10.7 ND
Lead 3.3 4.2 8.4 ND
Mercury ND ND ND ND
Selenium ND ND 0.16 0.00093
Silver 0.65 ND 0.75 ND

ND = Not Detected.
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3.7.2.9 Sampling Area 7M.

Area 7M is located about one mile south of the IAAAP property boundary on the Brush Creek
Drainage. Four sediment samples and one surface water sample were collected. Results of
organic analysis are summarized in Table 3-33.

Table 3-33. Organics Detected in Sediment & Surface Water Sampling, Area 7M, Brush Creek
Sampling Location Sediment Surface Water
Location 7M1 (1 ft) VOCS: Methylene Chloride (9.5 ug/kg)(B) VOCs/SVOCs: None
Toluene (2.8 ug/kg){(J) Explosives: RDX (6.2 ug/L)
SVOCs/Explosives: None HMX (1.7 ug/lL)

Location 7M1 (3 ft) VOCS/SVOCs: NA . .
Explosives: None .

Location 7M1 (4.5 ft) VOCS/SVOCs: NA

Explosives: None

Location 7TM2 (1 ft) VOCS/SVOCs: NA

Explosives: None e .
J = Estimated value below the quantitation imit. B = Detected in biank as well as sample.

Other than methylene chloride, found also in the blank, a trace concentration of toluene was found in one
sediment sample and small concentrations of explosive chemicals RDX and HMX in the water sample.
Results of RCRA metals analysis are summarized in Table 3-34.

Table 3-34. RCRA Metals Detected in Sediment & Surface Water, Area 7M, Brush Creek
Sediment (mg/kg) Surface Water

Parameter M1(1) M1(3) %1%(4.5') M2 (1) (mg/L)
Arsenic 4.1 5.6 7.3 7.9 0.0012
Barium ND ND ND ND ND
Cadmium ND ND ND ND ND
Chromium 7.7 6 14 4.9 ND
Lead 42 58 5.1 5.5 ND
Mercury ND ND ND ND ND
Selenium ND ND ND ND 0.00091
Silver ND ND 0.69 ND ND

ND = Not Detected.

3.7.3 Long Creek Drainage

3.7.3.1 Sampling Area 7N.

Location 7N is on Long Creek near the IAAAP boundary. One sediment and one surface water
sample were collected. Methylene chloride at 14 ug/kg in the sediment sample and 9.7 ug/L in
the water sample was the only VOC, SVOC, or explosive chemical detected in these samples.
Methylene chloride also was detected in the blank and is considered a laboratory contaminant.
Results of RCRA metals analysis are summarized in Table 3-35, below.

Table 3-35. RCRA Metals Detected in Sediment & Surface Water, Area 7N, Long Creek
Parameter Sedlm;;n;;{;lg/kg) Surface Water (mg/L)

Arsenic 4.2 0.00079

Barium 78.6 0.073

Cadmium ND ND

Chromium 6.7 ND

Lead 8.5 0.001

Mercury ND ND
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Table 3-35. RCRA Metals Detected in Sediment & Surface Water, Area 7N, Long Creek
Sediment (mg/kg)
Parameter N1 (1) Surface Water (mg/L)
Selenium 0.25 0.0009
Silver ND ND

ND = Not Detected.

3.7.3.2 Sampling Area 70.

Area 70 1is located about 1/4 mile south of the IAAAP property boundary on the Long Creek
Drainage. Three sediment samples from one location and one surface water sample were
collected. Methylene chlonde, at 5.9 ug/kg, was detected in the sediment sample and was the
only VOC, SVOC, or explosive chemical detected in either sample from this location. Results of
RCRA metals analysis are summarized in Table 3-36.

Table 3-36. RCRA Metals Detected in Sediment & Surface Water, Area 70, Long Creek
Sediment (mg/k
Parameter 011 013) 9) 01 (45) Surface Water (mg/L)
Arsenic 5 2.9 3.7 0.0011
Barium 60.2 28.6 M 0.094
Cadmium ND ND ND ND
Chromium 9.2 5.8 7 ND
Lead 8.2 5.5 47 ND
Mercury ND ND ND ND
Selenium 0.088 ND ND 0.0012
Silver ND 0.61 ND ND

ND = Not Detected.

3.7.4 Unnamed Southwest Drainages
3.7.4.1 Sampling Area 7P.

Sampling Area 7P is at the downstream end of a small creek draining part of Line 3A. One
sediment sample and one surface water sample were collected. Methylene chloride, at 6.1 ug/kg
in the sediment sample and 3.1 ug/L in the water sample, was the only VOC, SVOC, or
explosive chemical detected in either sample from this location. Results of RCRA metals
analysis are summarized in Table 3-37.

Table 3-37. RCRA Metals Detected in Sediment & Surface Water, Area 7P, Unnamed Creeks
Parameter Sedim;;r; 1(;1g/kgL Surface Water (mg/L)

Arsenic 23.1 0.00067
Barium 345 0.059
Cadmium 0.81 ND
Chromium 10.3 ND
Lead 32.6 ND
Mercury ND ND
Selenium ND ND
Silver 12 ND

ND = Not Detected.

3.7.4.2 Sampling Area 7Q.

Location Q is at the downstream end of another unnamed creek in the southwest corner of the
facility and just west of location P. One sediment sample and one surface water sample were
collected. Methylene chloride was the only VOC or SVOC detected in these samples and also in
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the blank. No explosives were detected in the sediment sample, but trace levels of RDX and
HMX were detected in the surface water sample, as summarized in Table 3-38.

Table 3-38. Organics Detected in Sediment & Surface Water Sampling Area 7Q

Sampling Location

Sediment

Surface Water

Location 7Q1 (1ft)

VOCS: Methylene Chioride (12.7 ug/kg)(B).

VOCs: Methylene chioride (7.9 ug/L)(B)

SVOCs: None

SVOCs: None

Explosives: None

Explosives: RDX (7.8 ug/L)

HMX (1.6 uglL)

J = Estimated value below the quantitation limit. B = Detected in blank as well as sample.

Results of RCRA metals analysis are summarized in Table 3-39.

| Table 3-39. RCRA Metals Detected in Sediment & Surface Water, Area 7Q, Unnamed Creeks
Parameter Sedlmg;tl(;r;lg/k 9) Surface Water (mg/L)
Arsenic 5.4 ND
Barium 39.3 0.067
Cadmium ND ND
Chromium 3.3 ND
Lead 10.2 ND
Mercury ND ND
Selenium 0.12 ND
Silver ND ND

ND = Not Detected.

3.8 Mini-Pezometer Testing, Brush Creek

In this task, a total of 58 mini-piezometers were installed at nine locations on Brush Creek and
two on Spring Creek. An attempt was made to install a series on Long Creek. However,
bedrock was shallow and these could not be installed. The objective was to determine whether
the creeks were gaining or losing streams with respect to groundwater at the locations tested, by
determining whether hydraulic heads in the sediments beneath the creek beds were higher
(gaining) or lower (losing) than the surface water level. The test locations span the length of
Brush Creek within the JAAAP boundaries and the central and downstream reaches of Spring
and Long Creeks, respectively. Locations and sketches of each site are shown on Figure 3-6.
The mini-piezometers were removed after measurement. One of the piezometers was
underwater and could not be read and 13 were plugged. However, redundancy had been planned

for and readings from other piezometers are summarized in Table 3-40.

Table 3-40. Mini-Piezometer Locations and Head Measurements
Location Drainage Mini-Piezometer Number & Reading
8A Brush Creek | #1 +1.25" #2 +3" #3 Plugged
#4 +0.25" #5 +0.25" #6 +2"
8B #1 +2.75" #2 +4.75" #3 +2"
#4 +5.25" #5 +2.25" #6 +6"
8C #1 +5.5" #2 +3.25" #3 +6.5"
#4 +4 #5 Plugged #6 Plugged
8D #1 +0.5° #2 +3" #3 +1.5"
#4 +5" #5 Plugged #6 Plugged
8E #1 Plugged #2 +3" ;
P Pligged 4 Pligged Only four installed
8F #1 +13" #2 +9" #3 +5"
#4 +9" #5 +3" #6 +11"
8G #1 +3" #2 +3" #3 +2"
#4 +2° #5 +2" #6 Plugged
8H #1 +4" #2 Plugged #3 +1"
#4 Plugged #5 +1" #6 +1"
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Table 3-40. Mini-Piezometer Locations and Head Measurements ]
Location Drainage Mini-Piezometer Number & Reading ]
8l #1 Under water #2 +4" #3 +3"
#4 Plugged #5 Plugged #6 Plugged
7B Spring Creek | #1 +0.5" #2 +1" #3 +0.5"
7C #1 0.0 #2 0.0 #3 0.0
7N Long Creek Bedrock too shallow for mini-piezometers (<1'}). Nearby springs suggest gaining stream.

Water levels measured in the mini-piezometers represents the hydraulic head beneath the
streambeds at the time of measurement and were found to be higher than the stream surface
water (e.g. “+”) at all locations except 7C on Spring Creek, where the measured levels were
equal. The magnitude of the individual head differences along Brush Creek ranged from as little
as 0.25 inches to as much as 13 inches, with most being 3 inches or less. Average head
differences between the various locations on Brush Creek ranged from +1.35 inches at 8A to
+8.3 inches at 8F. Differences at 7B on Spring Creck were less, averaging 0.67 inches.
Measurements are variable and there does not appear to be a pattern from upstream to
downstream. Resultant upward vertical hydraulic gradients range from about 0.019 ft/ft to
0.134 ft/ft, into the streams effecting the local streambed area.

Based on these results, the creeks are indicated to be gaining at all locations at the time of the
investigation. This observation is supported by potentiometric data obtained from monitoring
wells, which show the shallow potentiometric surface sloping toward the creek from Line 2 (see
Sections 3.12), Line 3 (see Section 3.16), and downstream reaches of Brush Creek (see Section
3.13). Therefore, contaminants present in groundwater adjacent to the streams may migrate to
the streams and the stream sediments, but contaminants present in the stream or in the sediments
are not likely to migrate to groundwater, except in the immediate vicinity of the streams during
high water periods. These conditions are suggested to persist within the JAAAP boundaries,
based on the available data. South of the [AAAP boundary, within the Skunk River valley, and
to the east, within the Mississippi River physiographic valley, these conditions are likely to
change with the tributary streams probably losing to groundwater in different locations and at
different times.

3.9 Stream Flow Meters

Seven recording stream flow meters and one rain gage were installed in this task and monitored
between May and August 1997. Meter locations are shown on Figure 3-7. The meters were
visited on four occasions (May 24, June 9, June 24 and August 18), to download data, replace
batteries and check the general condition of each installation. During these visits, a number of
malfunctions in the automated equipment were noted and corrected, where possible, as
summarized in Table 3-41.

Table 3-41. Availability of Weekly Rain Gage and Stream Flow Meter Data l
Meter May June July August ‘
311017 2431 | 7 1421 28| 5 [12[19]2] 2 9 | 16 | 23] 30

Rain gage (B R R RE R B R L N L N B B B
Meter 9D R |@m|® B ®m|®]|2 2 (m|(m|m | B (BB |[(EH|B(m
Meter 9 L | L n n LB 2 L N » H L 0 L H .
Meter 9F 1 1|0 | B |1} 2 2 2 3 3 3 3 3 3 3 313
Meter 9G ] u B " |1 2 2 2 u L n u l L H H (B
Meter 9H m(m({m|(m|s 3 3 3 3 3 3 3 3 3 3 3 |3
Meter 9A L L | | L) 2 2 2 2 n | L L L L | ] 0|8
Meter 9B H B | B |@E|I 3 3 3 3 3 3 3 3 3 3 3 13

Notes: W = Data available. | = Partial data available. 1. Meter not initialized properly. 2. Batteries not fully charged. 3. Meter damaged.
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The data cables on Meters 9F, H and B were damaged by animals sufficiently to cause a
permanent loss of signal. Individual meters also experienced short-term outages ranging in
duration from 1 to 24 hours and usually caused by floating debris hanging up on the meter during
low flows. However, based on review of all data collected, the outages noted are not judged to
have significant impact on overall analyses completed in this task.

3.9.1 Rainfall Data

Rainfall data was collected for the period April 24 to August 18, 1997. Table 3-42 summarizes
rainfall events exceeding 0.20 inches during this period.

Table 3-42. Significant Rainfall Events
. . . Maximum Rate Overall Rate
No. Starting Date and Time Duration Total Depth (in/hour) (in/hour)
1 May 7 - 8:50 pm 55 min 0.21in 03 0.2
2 May 25 - 10:00 pm 1 hr 50 min 0.86in 1.0 04
3 June 7 - 6:40 pm 40 min 041in 1.2 0.6

There were no significant rainfall events through July and the first half of August.

3.9.2 FlowData

This section characterizes low flow and rainfall events delineated from the collected data. Figure
3-7 shows graphs of the flow data collected at each meter for the period April 20 to August 24.
The heavy lines represent water depth and the lighter lines represent flow velocity. Gaps in the
data are explained in Table 3-41. For comparison, Figure 3-8 plots the NPDES flows at the
treatment plant (outfall #13) for the same period.

Low Flow Events. Figure 3-9 (A and B) shows plots of water depth, velocity and
temperature at Meter 9G for a typical Spring, low flow event (April 25 to May 5). During, and at
least 4 days prior to the start of this period, only trace amounts of rain fell. Therefore, it can be
assumed that the flow in the stream at this time was the result of the contribution from
groundwater and wastewater discharges only. The flow velocity in the stream is roughly
constant at about 1.2 ft/sec., but is gradually decreasing. The water depth also is constant at
about 0.25 ft. Water temperature follows a diurnal pattern between 48 °F and 64°F.

A comparison of the flows at one point in time for all of the meters on Brush Creek is shown in
Table 3-43, expressed as the ratio of drainage area upstream from each meter to flow at that
location.

Table 3-43. Low Stream Flow vs. Drainage Area
Meter Measured Flow (cfs) Flow Ratio Drainage Area Ratio
9D/E 0.11 0.06 0.25
9F 0.19 0.10 0.36
9G 0.86 0.46 0.62
9H 2.65/1.85 1.00 1.00

(1) Second value is without the contribution from the treatment plant.

The “Flow Ratio” is the measured flow at each meter divided by the total cumulative flow
measured at Meter 9H. The “Drainage Area Ratio” is the drainage area of the tributary upstream
of each individual meter divided by the total drainage area upstream of Meter 9H. If
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groundwater contributions to the stream are uniform, the ratios should be about equal. This is
not the case, possibly due to variations in groundwater contributions along the stream.
Variations in groundwater contributions could result from increasing hydraulic gradients as the
creek becomes more deeply incised in the glacial drift upland (e.g. groundwater inflow would be
expected to increase from north to south along the streams as the gradient steepens).

Figure 3-10 shows plots, for both streams, of the stream bottom, local ground surface, and a
hypothetical uniform water table about 10 feet below the ground surface. From the well data
collected it has been observed that the shallow groundwater table in the drift throughout the site
is fairly uniform and parallels the ground surface at shallow depths. Because the streams become
more deeply incised as they precede downstream, the groundwater flow at the lower meters will
be proportionally greater than at the upstream meters. If the ratio of the flows to the ratio of the
square of the "head" is compared at each meter location, the ratios would be expected to be
closer, as shown in Table 3-44, below.

Table 3-44. Low Stream Flow vs. Head Ratio
Meter Computed Flow (cfs) Flow Ratio Head (ft) Ratio of Head Squared
9D/E 0.11 0.06 13 0.09
9F 0.19 0.10 22 0.16
9G 0.86 0.46 25 0.34
L 9H 1.85 1.00 43 1.00

cfs = cubic feet per second.

This indicates that the effect of the deeper stream depth at the downstream reaches is
pronounced. Figure 3-9 (B) shows a low flow period at the same meter for a 10 day period
during July. The depth of flow at the meter is below the level at which the meter can compute a
flow velocity. Because the flow depth is less than the height of the meter body, the meter also is
exposed to direct sunlight during a portion of the day, resulting in a temperature spikes on the
plot. The flow data plots indicate that the upstream meters reflected very little, if any, flow
during this period, while the downstream meters reflected measurable flow. Therefore, a
subsurface flow contribution remained.

Rainfall Events. Figure 3-9 (C and D) show plots of water depth, velocity and
temperature at Meter 9G for a low intensity, Spring rainfall runoff event taken as the ten days
from May 5 to May 15. Total rainfall for this event is about 0.68 inches over a period of about 24
hours, starting at the beginning of May 7. The most intense event within this period was 0.21
inches of rain in about 1 hour, as shown in Table 3-42. The peak runoff value at this location is
about 10 cfs. In the period leading up to this event, little more than trace amounts of rain fell.
Therefore, ground conditions would be classified as dry. A computer simulation of the same
event using CN’s for dry conditions and the rainfall measured by the gage, shows a peak runoff
value of 0 cfs. As noted previously, for small, low intensity events such as this one, the computer
model will show very little, if any, runoff.

A comparison of the measured base flow and peak runoff rates for this event and the computer
results are shown in Table 3-45. A dash indicates that data was not available from that meter for
this date.
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Table 3-45. Runoff Flow Comparison, May 7
Meter Measured Base Flow (cfs) | Measured Peak Flow (cfs) | Computed Peak Runoff (cfs)

9A 1.25 9.2 0
9B 1.27 11.0 0
9D/E 0.1 3.4 0
9F'

9G 0.9 9.8 0
9H 3.0? 11.83 0

 Meter out; 2 Includes 0.8 cfs from NPDES discharges; 3 Includes 1.1 cfs from NPDES discharges

For this event, the depth and intensity of the rainfall did not produce any direct surface runoff to
the creeks. All of the flow increase from the base flow was the result of subsurface flow
contributions.

Figure 3-9(D) shows plots depth, velocity and temperature for a larger, more intense event on
May 25, 1997. A comparison of the measured base flow and peak runoff rates at each meter
location for this event and the computer results are shown in Table 3-46, below.

Table 3-46. Runoff Flow Comparison, May 25
Meter Measured Base Flow cfs) Measured Peak Flow (cfs) Computed Peak Runoff cfs)
9A 0.7 - 11
98 - - 19
9D/E 0.1 3.1 5
9F 02 11.8 9
9G 07 11.3 10
9H 2.0 17.32 13

"Includes 0.8 cfs from the NPDES discharge. 2Includes 1.6 cfs from the NPDES discharge.

The values indicate that a reasonable comparison exists between the computer generated values
and the measured values, subtracting the base flow and the NPDES discharges.

3.10 Groundwater Pumping Test, Line 2,

Data collected in this task also pertain to geologic, hydrogeologic, and groundwater quality
conditions at Line 2, discussed in Section 3.12.

The general location of the planned pumping test facility in Task 10 is shown on Figure 1-3. The
planned layout is shown schematically below and included a pumping well (10A), eight new
observation wells (10B through 10G), and

100FT an existing well JAW70. The pumping

25T well and initial observation well (10A and

T 10B) were installed to depths of 50 feet on

J, 10A (TestWel) May 5 and May 1, 1997, respectively.

T B During drilling of the test well 10A and the

8 106 % e M g first observation well 10B, soils
& BT A0 encountered consisted of generally stiff,

) R silty clay till from the surface to the drilled

W Fuly Penetating ; depth of 50 feet. Gradation curves for two
:LoverZone — samples from these borings (see Table 3-
e ] 55), one from a depth of 10 feet in 10A and
et e el s PUMPING TEST LAYOUT, TASK 10 the second from a depth of 49.5 feet in 10B,
n (NOTTO SCALE) have indicated sandy clay with 60% to 70%

MWH
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passing the #200 sieve. In well 10A, a 0.5 foot thick seam of loose, wet, clayey sand was
encountered at a depth of 8.5 feet and scattered, wet silty zones in the clay were identified
between 35 and 36 feet. In 10B, 10 feet north, a soft moist clay till zone was found between 6.5
and 9 feet and a 0.5 foot thick, wet sandy clay seam at 13 feet. These were the only potential
water yielding zones identifiable from visual observation of the continuous soil samples.

Based on these findings, and as agreed with USACE and USEPA, additional observation wells
were not completed. Instead, observations of groundwater levels were made during development
of 10A and 10B to assess the practicality of further testing. Well data for 10A and 10B are
summarized in Table 3-47. Boring logs and well construction drawings are provided in
Appendices A and C, respectively.

Table 3-47. Monitoring Well Data, Task 10, Line 2 Pumping Test
Coordinates Elevation Drilled Screen Depth (ft) Aquifer
No. North East Ground TOC Depth {ft) Top Bottom Zone
10A 298818.8 2271164.5 681.65 683.75 50.4 10.0 50.4 Upper + Lower Till
108 298806.5 2271151.0 681.55 683.94 50.0 10.0 50.0 Upper + Lower Till

TOC = Top of Casing.

Wells 10A and 10B were both constructed so that the full soil sequence from 10 to 50 feet in
depth was screened. During development of well 10A, a 4-inch diameter well, approximately
140 gallons of water were removed at an average rate of 0.875 gpm. The water level in the well
fell steadily during the pumping, and was measured at about 44 feet below ground surface at the
end of development and was being pumped dry. Water levels in 10B, ten feet north, and JAW-
70, an existing well 30 feet west, were monitored during development of well 10A. No water
level response was observed in these wells. During development of well 10B, a 2-inch diameter
well, approximately 110 gallons of water were removed at a rate of about 0.3 gpm. During the
pumping, the water level in the well fell steadily and the well was pumped dry. Static levels in
these wells, measured after development, were within about 2 feet of the ground surface.

Based upon the geologic conditions encountered in these two wells and the response of the wells
to development pumping, the conclusion was reached that planned pumping tests were not
feasible due to small yields and, with the concurrence of USACE and USEPA, no further tests
were performed. The ultimate objective of this task was to assess the practicality of pump and
treat remedial options in the clayey till soils common at IAAAP. Based upon the observed small
yields and lack of response to pumping in nearby observation wells, traditional pump and treat
technologies using wells does not appear economically practical. Wells pumping at very slow
rates may be used to remediate groundwater contamination in highly localized areas. However,
to address larger areas or to intercept contaminated groundwater migrating within the clay tills, it
is likely that significant numbers of closely wells, each operating at small pumping rates, would
be required. Interceptor trenches or similar technologies would appear to be more cost-effective.

3.11 Soil and Groundwater Sampling for VOCs

Results of VOC soil and groundwater sampling in this task are summarized in the following
sections, organized by the six investigation areas (i.e. Areas A through F). Sampling locations
are shown on Figure 3-11 and results of sampling are illustrated on Figures 3-12 through 3-17.
Individual locations are identified by area A through F followed by boring number within each
area (i.e. “Al" is boring 1 in Area A; “A2" is boring 2 in Area A, etc.).
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3.11.1 Area A - Building 1-03-05

Previous soil gas sampling by others indicated VOC contamination at 3 to 7 foot depths on the
west and north sides of this building and in discontinuous areas to the east. Soil gas
concentrations, where detected, ranged up to 18,037 ppb total VOC (tvoc) at point 152 on the
north side of the building. Three sample locations had been planned in this area: Location A at
the northwest corner of the building; B on the north side; and C east of the building. At each
location, three soil samples and one groundwater sample were planned. However, the presence
of underground utilities and difficult drill rig access precluded use of the drill rig at locations A
and B, which were sampled using hand augers without groundwater sampling.

Sample locations are shown on Figure 3-11(A) and results are illustrated on Figure 3-12. Six
soil samples and one groundwater sample were analyzed from three borings. Soils encountered
during hand augering and drilling consisted of soft to medium stiff, generally moist, dark gray to
black, underlain by yellowish gray to yellowish orange silty clay till (CL). Groundwater was
encountered during drilling only in boring 11A3, at an approximate depth of 5 feet. Results of
analysis are summarized in Table 3-48.

Table 3-48. Results of VOC Analysis, Area A - Building 1-03-05
Boring No. Sample Type Sample Depth (ft) VOC Parameters Detected (concentration)
Al Soil 0 1,1,2-Trichlorofluoroethane (0.25 mg/kg)(B)
4 None
A2 Soil 0 1,1,2-Trichlorofluoroethane (0.15 mg/kg)(B)
4 1,1,2-Trichlorofluoroethane (0.063 mg/kg)
A3 Soil 0 1,1,2-Trichlorofluoroethane (0.43 mg/kg)
4 None
Groundwater Toluene (3 ug/L)(B)

B = Detected in blank.

Small concentrations of Freon (1,1,2-Trichlorotrifluoroethane) in four of the six soil samples
were also found in the blank and are considered cross-contamination due to high concentrations
of Freon encountered previously at Building 9-57 (Area F). No other VOC detections in soil
were reported in Area A. In the groundwater sample from location A3, 3 ug/L toluene was the
only detection. Toluene also was found in the blank for this sample and is considered laboratory
contamination. Based on these results, VOC contamination at Building 1-03-05 did not appear
to represent a significant concern, and no follow-on sampling was recommended.

3.11.2. Area B - Line 1 Tank Farm

Soil gas sampling at the Line 1 Tank Farm indicated VOC contamination southwest of the
southwesternmost tanks. Total VOCs in soil gas were reported between 407 and 4,031 ppb at
depths of 5 feet. Two rounds of sampling were completed at locations shown on Figure 3-11(B).
Results are illustrated on Figure 3-13. In the initial round, nine (9) soil samples and one (1)
groundwater sample were collected from borings B1 through B4. B1 through B3 were hand
auger borings and B4 was completed with the drill rig. Soils encountered were soft to stiff,
generally moist, mottled clay (CL) and silt/clay (CL/ML) mixtures. Groundwater was
encountered at depths of 5 to 6.5 feet. Positive PID headspace readings were noted in soils from
boring B4, at depths of 5 to 8 feet, and odors were noted in this boring and at 2.5 feet in B2.
Analytical results are summarized in Table 3-49.
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Table 3-49. Results of VOC Analysis, Area B - Line 1 Tank Farm

Boring No. Sample Type Sample Depth (ft) VOG Parameters Detected (concentration)

Bt Soil 0 1.1,2-Trichlorofluoroethane (0.96 mg/kg)
4 Ethyl Benzene {0.87 mg/kg)
1,3,5-Trimethylbenzene (0.63 mg/kg)
n-Butyl Benzene (1.4 mg/kg
sec-Butyl Benzene (1.4 mg/kg)
Isopropyl Benzene (0.69 mg/kg)
4-Isopropyl Toluene (0.63 mg/kg)
Naphthalene (3.7 mg/kg)
n-Propylbenzene (1.2 mg/kg)
B2 Soil 0 1,1,2-Trichlorofluoroethane (0.24 mg/kg)
4 Ethyl Benzene (0.37 mg/kg)
n-Butyl Benzene (1.3 mg/kg)
sec-Butyl Benzene (1.9 mg/kg)
Isopropyl Benzene (0.85 mg/kg)
4-Isopropyl Toluene (0.87 mg/kg)
Naphthalene (8.9 mg/kg)
n-Propylbenzene (1.5 mg/kg)
1,1,2-Trichlorofluoroethane (0.43 mg/kg)
None
1,1,2-Trichlorofiuoroethane (2.3 mg/kg)
1,2,4-Trimethyibenzene (0.55 mg/kg)
Ethyl Benzene (1.4 mg/kg)
1,3,5-Trimethylbenzene (4 mg/kg)
n-Butyl Benzene (2.2 mg/kg)
sec-Butyl Benzene (2 mg/kg)
Isopropyl Benzene (1 mg/kg)
4-Isopropyl Toluene (0.95 mg/kg)
Naphthalene (7 mg/kg)
n-Propylbenzene (1.7 mg/kg)
10 1,1,2-Trichlorofiuoroethane (0.054 mg/kg)(B)
1,1-Dichloroethene (0.004 mg/kg)
Groundwater 4 1,1,2-Trichlorofluoroethane (280 ug/L)
1,3,5-Trimethylbenzene (2 ug/L)
n-Butyl Benzene (2 ug/l)
sec-Butyl Benzene (12 ug/L)
Isopropyl Benzene (3 ug/L)
n-Propylbenzene (1 ug/L)
1,1-Dichloroethane (8 ug/L)
1,1-Dichloroethene (8 ug/L)
cis-1,2-Dichloroethene (20 ug/L)
Toluene (3 ugl )(B)
B5 Soil 3 1,1,2-Trichlorofiuoroethane (0.025 ug/kg)(B)

8 Toluene (0.003 ug/kg)(B)
1,1,2-Trichlorofluoroethane (0.025 ug/kg)(B)
B6 Soil 3 1,1,2-Trichlorofluoroethane (0.059 ug/kg)(B)
Toluene (0.003 ug/kg)(B)
1,1,2-Trichlorofluoroethane (0.03 ug/kg)(B)
Toluene (0.004 ug/kg)(B)

None

Toluene {0.004 ug/kg)(B)

Toluene (0.003 ug/kg)(B)

Toluene (0.004 ug/kg)(B)

B = Detected in blank.

In the initial sampling round, small concentrations of substituted benzene compounds were found
at 4-6 ft depths in B1, B2, and B4, on the west side of the subject tanks, and in the groundwater
sample from B4. These detections were not found in the shallower (0-1 ft) samples or in boring
B3 on the northeast side of the tanks. The small concentrations of Freon in some samples is
considered to represent cross-contamination from Area F, discussed earlier. Similar compounds
were detected in the groundwater sample from location B4, as well as trace levels of 1,1-
dichloroethane, 1,1-dichloroethene, and cis-1,2-dichloroethene. Concentrations in the
groundwater sample typically are in the low part per billion range.
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Based on the initial results, an additional eight soil samples were collected from four borings to
explore the lateral extent of contamination. These locations, designated B5 through B8, were
completed with a drill rig and soil samples were collected from depths of 3 and 8 feet. Results
show trace concentrations of toluene, also detected in the blank, but generally indicated the VOC
contamination is localized in the immediate vicinity of the tank.

3.11.3 Area C - Buildings 2-02 and 2-03

Previous soil gas sampling indicated VOCs up to 1,950 ppb near the east and south sides of
Building 2-03, at depths from 10 to 27 feet, and VOCs up to 1,760 ppb at 5 foot depths on the
southeast side of building 2-02. Two rounds of sampling were completed in this investigation.
Sample locations are shown on Figure 3-11(C) and results are illustrated on Figure 3-14 and
summarized in Table 3-50.

Table 3-50. Results of VOC Analysis, Area C - Buildings 2-02 and 2-03

Boring No. Sample Type Sample Depth (ft) VOC Parameters Detected (concentration)
c1 Soil 0 1,1,2-Trichlorofluoroethane (0.013 mgkg)

10 Ethyl Benzene (0.004 mg/kg)
Xylenes-total (0.054 mg/kg)

25 1,1,2-Trichlorofluoroethane (0.66 mg/kg)

33 1,1,2-Trichiorofluoroethane (0.12 mg/kg)

Groundwater 1,1,2-Trichlorofluoroethane (60 ug/L)

Xylenes-total (9 ug/L)
Toluene (3.1 ug/l) (B)

1,1,2-Trichlorofluoroethane (130 ug/l)
Xylenes-fotal (2 ug/l)
1,1,2-Trichlorofluoroethane (0.33 mg/kg)
4 1,1,2-Trichlorofluoroethane (1.6 mg/kg)
Methylene Chlonide (0.016 mg/kg)(B)
Chlorobenzene (0.008 mg/kg)
1,2-Dichlorobenzene (0.041 mg/kg)
1,4-Dichlorobenzene (0.007 mg/kg)
10 1,1,2-Trichlorofluoroethane (0.073 mg/kg)
Chiorobenzene (0.021 mg/kg)
Groundwater 1,1,2-Trichlorofluoroethane (15 ug/L)
Benzene (2 uglL)
Chlorobenzene (93 ug/L)
C3 Groundwater None
C4 Groundwater None
c6 Soil 5 None
Groundwater None

B = Detected in blank.

(==

C2 Soif

In the initial sampling round, seven soil samples and three groundwater samples were collected
from two borings, designated C1 and C2. C1 was located at Building 2-03 and C2 at Building 2-
02. Results identified small concentrations of ethyl benzene and xylenes in soils at Building 2-
03 (boring C1) and of chlorobenzene, 1,2-dichlorobenzene, and 1,4-dichlorobenzene in soils at
Building 2-02 (boring C2). As with other areas, small detections of Freon (1,1,2-
trichlorofluoroethane) are attributed to cross-contamination resulting from prior sampling in
Area F. The initial groundwater sampling indicated small concentrations of xylenes, below
levels of concern, in C1, but 93 ug/L chlorobenzene in boring C2. Based on the detection in C2,
three additional groundwater samples were collected from borings designated C3, C4, and C6
around Building 2-02 (Figure 3-14). No detections were found at these locations indicating that
the chlorobenzene found in C2 is a localized concemn. The source of contamination may be a
former #1 fuel UST located south of building 2-03, which has been removed.
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Soils encountered during drilling at this site were generally moist, soft to stiff; mottled brown to
gray clay or silty, sandy clay (CL). Clayey silt (ML) was encountered from 4 to 10 feet in boring
C3, from 8 to 13 feet in boring C4, and from 7 to 12.5 feet in boring C5. A 6 inch gravel seam
also was encountered just beneath the surface in boring C4. Groundwater depths generally could
not be determined during drilling and groundwater sampling in the deeper borings was
accomplished using temporary wells. No VOC contamination was observed based on PID
headspace measurements. However, a black tar-like substance was observed from 5 to 8 feet in
boring C6 and was sampled. No VOCs were detected in that sample.

3.11.4 Area D - Building 3-03

Previous soil gas sampling indicated VOCs up to 1,462 ppb immediately adjacent to the north,
east and south sides of this building. Most samples are from depths of 5 feet and show VOCs of
16 to 98 ppb. One point, 01 on the north side of the building, had the highest concentration at 5
feet, decreasing with depths of 9 and 15 feet. A total of three soil samples and one groundwater
sample were collected. Sample locations are shown on Figure 3-11(D) and results are illustrated
on Figure 3-15. Analytical results are summarized in Table 3-51.

Table 3-51. Results of VOC Analysis, Area D - Building 3-03
Boring No. ‘Sample Type Sample Depth (ft) VOC Parameters Detected (concentration)
D1 Soil 0 1,1,2-Trichlorofluoroethane (0.6 mg/kg)
5 1,1,2-Trichlorofluoroethane (0.19 mg/kg)
1,2,4-Trimethylbenzene (0.03 mg/kg)
13 None
Groundwater 33 1,1,2-Trichlorofluoroethane (11 ug/L)

The only detection, other than Freon, was the 1,2,4-Trimethylbenzene in soil from the 5-6 foot
depth. Freon may be present at this site, but may be residual cross-contamination due to earlier
sampling at Building 9-57, as discussed in Section 3.11.6. Based on these results, no significant
concern was indicated and no further sampling was recommended.

3.11.5 Area E - Building 3A-03-01

Previous soil gas sampling indicated VOCs at point 11 (6,486 ppb at 5 feet) south of the building
and at point 8 (3 ppb at 5 feet). A total of five soil samples and one groundwater sample were
collected from two borings in this area, designated E1 and E2. Sample locations are shown on
Figure 3-11(E) and results are illustrated on Figure 3-16. Borings at this site penetrated 1.5 to
3.5 feet of crushed limestone fill underlain by gray to black, moist, soft to medium stiff clay
(CL). A very thin wet zone was observed at a depth of about 8 feet in boring E1 and
groundwater was measured at about 5 feet below ground surface in the Hydropunch sampler
after drilling was complete. Detections are summarized in Table 3-52.

Table 3-52. Results of VOC Analysis, Area E - Building 3-03-01
Boring No. Sample Type Sample Depth () VOC Parameters Detected {concentration)
E1 Soil 0 1,1,2-Trichlorofluoroethane (1 mg/kg)
5 1,1,2-Trichlorofluoroethane (0.18 mg/kg)
10 1,1,2-Trichlorofluorosthane (0.31 mg/kg)
Groundwater None
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Table 3-52. Results of VOC Analysis, Area E - Building 3-03-01
Boring No. Sample Type Sample Depth (ft) VOC Parameters Detected (concentration)
E2 Soil 0 1,1,2-Trichlorofluoroethane (0.47 mg/kg)
4 1,1,2-Trichlorofiuoroethane (3.6 mg/kg)
1,2,4-Trimethylbenzene (0.028 mg/kg)
n-Butyl benzene (0.15 mg/kg)
sec-Butyl benzene (0.013 mg/kg)
4-Isopropy! toluene (0.021 mg/kg)
n-Propylibenzene (0.008 mg/kg)

Other than Freon, the only detections were at the 4-5 foot depths in boring E2, where small
concentrations of 1,2 4-trimethylbenzene, n-butylbenzene, sec-butyl benzene, 4-isopropyl
toluene, and n-propylbenzene were reported. Freon may be present at this site, but may be
residual cross-contamination due to earlier sampling at Building 9-57, discussed in Section
3.11.6. Groundwater apparently is not impacted. Therefore, no additional investigations were
recommended at this location.

3.11.6 AreaF - Building 9-57

Previous soil gas sampling indicated VOCs mostly to the east of this building but also south and
west of its northwest corner. Soil gas detections generally were from 5 to 7 foot depths, but also
were reported up to 78 feet. Two rounds of samples were collected. In the initial round, a total
of 39 soil and 4 groundwater samples were collected from eight borings (F1 through F8). Based
on these results, an additional 11 soil and 5 groundwater samples were collected from six borings
(F9 through F14) to further explore the lateral extent of contamination. Sample locations are
shown on Figure 3-11(F). Results are illustrated on Figure 3-17.

Soils encountered in borings at this site consisted primarily of yellowish brown to olive clay and
silty, sandy clay (CL, CL/ML). Clayey silt and silt (ML) zones were encountered at various
depths in borings F1, F3, and F5. In boring F3, sandy gravel (GP) was penetrated from 3.6 to 4.5
feet and silty sand (SP) from 14.5 to 18 feet, with clayey silt (ML) above and below. Sand zones
also were encountered 32 to 33 feet and 38 to the bottom at 40 feet with clayey silt between.
Groundwater, where identifiable, was reported generally at depths between 6 and 10 feet. In
boring F1, elevated PID headspace measurements (3.5 to 4.5 ppm) were recorded from 13 to
about 25 feet and possible product was observed in some soils and cuttings. Similarly, in boring
F2, positive PID readings were measured on the outside of the soil cores intermittently between
depths of 12 and 35 feet. A clear liquid with a ‘sweet’ odor was observed draining from the
sampler. PID readings were negative on fresh core samples and may result from this liquid
draining down the outside of the core and/or sampler. The liquid evaporated almost immediately
and is suspected to be Freon. Again, in boring F7, PID readings up to 58 ppm were measured on
soil surfaces from 32 to 35 feet and positive PID readings were recorded variably between 13
and 16 feet in borings F11 and F12. Results of analysis are summarized in Table 3-53.

Table 3-63. Results of VOC Analysis, Area F - Building 9-57
Boring Sample Type | Sample Depth VOC Parameters Detected (concentration)
No. {ft) 1,1,2-TCA Methylene Chloride Toluene 1,1,1-TCA
F1 Soil 0 0.42 mg/kg
5 15 mg/kg
13 9,000 mg/kg
23 280 mg/kg 8 mg/kg (B)
33 3.2 mg/kg
Groundwater 6 220,000 ug/.
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Table 3-53. Results of VOC Analysis, Area F - Building 9-57
Boring Sample Type | Sample Depth VOC Parameters Defected (concentration)
No. (ft) 1,1,2-TCA Methylene Chloride Toluene 1,1,1-TCA
F2 Soil 0 0.16 mg/kg
5 9 mg/kg
13 4,000 mg/kg
23 1.7 mg/kg
33 3.1 mg/kg
F3 Soil 0 0.3 mg/kg
5 1.4 mgkg
13 6.3 mg/kg
23 34 mg/kg
32 3,900 mg/kg 6.6 mg/kg (B)
36 26 mg/kg 2.7 mg/kg (B)
F4 Soil 0 0.4 mg/kg
) 1 mg/kg
13 910 mg/kg
15 2,000 mg/kg
23 0.091 mg/kg (B)
33 0.79 mg/kg
Groundwater 6 36,000 ug/L 2,000 ug/L (B)
F5 Soil 0 0.27 mg/kg
§ 0.44 mg/kg
13 29 mg/kg
23 1.4 mg/kg
33 5.9 mg/kg
Groundwater 8 69,000 ug/L 2,000 ug/L (B)
F6 Soil 0 0.73 mg/kg
4 0.11 mg/kg
F7 Soil 0 1.5 mg/kg
5 0.99 mg/kg
13 110 mg/kg
20 620 mg/kg
33 27 mg/kg
Groundwater 4 270,000 ugl 2,000 ug (B)
F8 Soil 0 0.39 mg/kg
§ 0.068 mg/kg 0.025 my/k
13 4.9mg/kg
23 0.15 mg/kg
F9 Soil 3 0.017 mg/kg 0.014 mg/kg (B)
13 4.9 mg/kg 0.4 mg/kg (B)
Groundwater 5 11,000 ug/L
F10 Soil 3 0.007 mg/kg (B)
13 1.0 mg/kg (E)
Groundwater 5 2,500 ug/L 33ug/L (B)
F11 Soil 15 6,200 mg/kg 1.7 mg/kg (B)
F12 Soil 3 0.11 mg/kg 0.004 mg/kg (B)
13 78 mg/kg 0.01 mg/kg (B)
Groundwater 6 2,300 ug/L 75 ug/L (B)
F13 Soil 3 0.004 mg/kg (B)
13 0.48 mg/kg
Groundwater 7 1,500 ug/l 70 ug/L (B)
F14 Soil 3 0.037 mg/kg 0.004 mg/kg (B)
13 0.37 mg/kg 0.008 mg/kg (B)
Groundwater 7 5,600 ug/lL 2,000 ug/L (B)

B = Detected in blank.

Analytical results from the first round of sampling identified 1,1,2-Trichlorofluoroethane (Freon)
in all soil and groundwater samples. Concentrations ranged up to 9,000 mg/kg in soil and
270,000 ug/L in groundwater, with highest concentrations in borings F1, F2, F3, and F4, just east
of Building 9-57. In the second round of samples, Freon also was detected in most samples, but
generally at lower concentrations: up to 6,200 mg/kg in soil but only 11,000 ug/L in
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groundwater. These locations were east of the building but at greater distances to help delineate
the lateral extent of contamination. Vertically, the extent of Freon contamination is between the
approximate 23 to 33 foot sampling depths, or less. Freon concentrations at those depths
declined to less than 10 mg/kg in soil, except for 26 mg/kg at a depth of 36 feet in F3. It is noted
that sampling in Area F was completed before the other sites. Therefore, low levels of Freon
noted in some samples from other sites are considered to represent residual cross-contamination
from building 9-57. This has been noted as appropriate in earlier sections. In addition,
methylene chloride and toluene were detected in some samples, but also in the blank and are
considered laboratory contaminants. A small concentration of 1,1,1-Trichloroethane (0.025
mg/kg) was detected in the 5-foot soil sample at F8, but not in any other sample.

3.12 Additional Groundwater Data, Line 2

Seven new monitoring wells and one piezometer were installed at Line 2 in addition to wells
10A and 10B installed in Task 10 (Aquifer Pumping Tests, Line 2). Well locations are shown on
Figure 3-18 and well data are summarized in Table 3-54, below. Boring logs and well
construction drawings are in Appendix A and C, respectively.

Table 3-54. Monitoring Well Data, Task 12, Line 2
Number Coordinates Elevation Drilled Screen Depth (ft) Aquifer
North East Ground TOC Depth (ft) Top Bottom Zone
12A 298784.8 2270801.4 679.14 681.25 205 10.5 20.5 Upper Till
12B 297915.9 2270847.4 689.23 691.44 20.5 10.5 20.5 Upper Till
12C 297922.1 2270834.6 689.18 691.66 50.2 40.2 50.2 Lower Till
12D 297912.5 2270838.1 689.28 691.26 120.0 110.0 120.0 Bedrock
12E 297294.4 2271125.7 688.53 690.37 20.0 10.0 20.0 Upper Till
12F* 298192.9 2271212.0 688.26 690.54 50.4 40.4 50.4 Lower Till
126G 298035.1 2270441.2 687.97 690.00 20.3 10.3 20.3 Upper Till
12H 298714.4 2269728.1 688.13 689.60 300 28.0m 30.0 Upper Till

1 12H installed as a piezometer with 1-inch diameter PVC riser and porous tip. * 12F dry after installation. No slug test or sampling performed.
TOC = Top of Casing

3.12.1 Geology

Subsurface conditions encountered in Line 2 are illustrated on generalized hydrogeologic cross-
sections A, B, and C on Figures 3-19, 3-20, and 3-21. In general, borings encountered dense
silty clay/clayey silt till soils (CL/ML in the Unified Soil Classification System) throughout the
unconsolidated sequence. The clayey soils contain sporadic sand seams, which appear
discontinuous and generally are less than one foot thick. These are rare, but are found
throughout the till thickness. Silt (ML) is reported in pre-existing borings JAW70 and JAW75
and more extensive sand and silt seams in JAW74. These may represent variations in field
classification, or could suggest that granular soils are present in the upper portions of the till
sequence in the east part of Line 2. Gradation curves were obtained for five samples from the
new wells and also from wells 10A and 10B in Task 10 (Groundwater Pumping Test, Line 2).
Results are shown in Table 3-55 and indicated sandy clay soils generally with 60% to 70%
passing the #200 sieve.

Table 3-55. Results of Gradation Testing, Line 2
Well No. Depth (ft) Classification % Gravel % Sand % Silt % Clay
12C 45-46.5 Sandy Clay 48 37.9 32.8 245
12D 15-16.5 Sandy Clay w/Gravel 18.3 20.7 34.3 26.7
12E 17-18 Sandy Clay 11.2 26.1 36.8 259
12F 45.5-46 Sandy Clay 1.9 399 34.8 234
126 12.3-12.5 Sandy Clay w/Gravel 17.2 26.6 33.0 23.2
MWH
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Table 3-55. Results of Gradation Testing, Line 2
Well No. Depth (f) Classification % Gravel % Sand % Silt % Clay
10A 10-10.5 Sandy Clay 11.2 29.4 39.5 19.9
10B 49.5-50 Sandy Clay 8.8 21.3 42.3 27.6

Data for wells 10A and 10B, installed in Task 10 (Pumping Tests, Line 2) are included above as
relevant to Line 2. Limestone bedrock was encountered at a depth of about 110 feet in deep
boring 12D.

3.12.2 Hydrogeology

During drilling in Line 2, identifiable groundwater occurrences were sparse due to the
predominance of low-permeability, clayey tills beneath the site. Groundwater encountered
during drilling generally was limited to the sporadic sand or silty sand seams scattered through
the vertical soil sequence. However, all wells contained groundwater after well completion and
development.

Potentiometric elevations and contours in Line 2 are shown on Figure 3-22 and ranged between
elevation 646.73 in deep well 12D and 684.35 shallow well 12B (intermediate depth well 12F
was reported dry at the time of measurement). Groundwater elevations measured in shallow
wells were generally between elevations 680 to 685 in the shallow wells, within 8 to 10 feet of
the ground surface. Groundwater flow in the upper till sequence is indicated to be generally
westward, discharging to Brush Creek. Piezometer 12H, installed west of the creek, also shows
water levels above the creek, indicating that the creek is recharged by groundwater from both
sides. The shallow potentiometric surface closely parallels the ground surface, as can be seen
particularly on Cross-Section C-C’ (Figure 3-21). Because surface topography at Line 2 is
undulating, there is relatively more variation in the groundwater elevations than at some other
study areas and potentiometric contours become difficult to develop. Lateral hydraulic gradients
estimated between various monitoring wells in the shallow till ranged between about 0.01ft/ft
and 0.004 f/ft. A lateral gradient of about 0.018 ft/ft is estimated between wells 10A/10B and
Brush Creek, as depicted in Cross-Section B-B’ (figure 3-20). As elsewhere at the plant,
downward vertical hydraulic gradients exist within the tills. An overall downward gradient of
approximately 0.374 ft/ft was estimated between shallow well 12B and deep bedrock well 12D.
Wells 10A and 10B were screened across both the shallow and intermediate tills and
groundwater levels deeper than the shallow wells could be expected. However, water levels in
these wells were within about 10 feet of the surface, equivalent to the shallow wells. This
suggests that the majority of the piezometric head (and inflow) to these wells is derived from the
upper part of the screen interval.

Results of field permeability tests in Line 2 wells are summarized in Table 3-56, below.

Table 3-56 Results of Field Permeability Tests, Task 12, Line 2
Well Number Estimated Hydraulic Conductivity
12A 5.36 x 10+ cm/sec (1.520 fi/day)
12B 6.31 x 104 cnv'sec (1.788 ft/day)
12C 1.39 x 105 cm/sec (0.0395 f/day)
12D 1.00 x 10 cmvsec (0.00285 ft/day)
12G 2.29 x 10% c/sec (0.065 fi/day)
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Estimated permeability values for shallow wells 12A and 12B averaged about 1.65 ft/day,
appropriate for silty soils, while shallow wells 12C and 12G averaged 0.053 ft/day, appropriate
for clayey tills. Well 12C also could be bailed dry during developing. The low permeability of
0.00285 ft/day in 12D, the bedrock well, suggests that the bedrock at this location is relatively
unfractured and is tight.

Using a lateral hydraulic gradient of 0.0059 ft/ft scaled from contours on Figure 3-22
(representing an approximate gradient from well JAW70 west toward Brush Creek), and the
average hydraulic conductivity from slug tests in the drift (0.853 fi/day), average horizontal
groundwater flow velocities in the shallow till were estimated using Darcy’s Law in the form: V
= KI/n; where “V” is flow velocity, “I” is gradient; and “n” is effective porosity (assumed at 30%
from published values). The resultant average flow velocity is 0.027 ft/day (about 10 ft/year).
Further rough approximations were made of groundwater flux toward Brush Creek in the
shallow till using Darcy’s Law in the form Q = KIA, where Q is flow if ft’/day; ‘A’ is the area of
the cross-section across which flow occurs, and ‘KI’ are as defined above. For the purposes of
this rough evaluation, a unit cross-sectional flow area paralleling the creek of 100 feet long by 20
feet deep was used, resulting in average estimated unit flows of about 16.2 ft*/day (1.9 x 10 cfs)
for each 100 foot reach of Brush Creek. Since Brush Creek parallels Line 2 for a distance of
approximately 4,000 ft (40 unit cross-sectional flow areas at 100 feet long each), total flow to the
creek in the shallow tills from the Line 2 area are suggested to be in the order of 648 ft’/day
(about 0.0075 cfs or 3.4 gpm). Although these results should be viewed with great caution due
to the variables and uncertainties implicit in the assumptions made, they suggest the small rates
of flow in the drift unit.

3.12.3 Groundwater Sampling Results

Groundwater samples were collected from eight new monitoring wells (10A and B and 12 A, B,
C, D, E, and G) and four existing wells (JAW-70, 71, 72, and 73). Results of organic analysis
are summarized in Table 3-57. Results are illustrated and discussed in Section 5.0, Nature and
Extent of Contamination incorporating analytical data obtained from Mason & Hanger and
JAYCOR.

Table 3-57. Organic Chemicals Detected in Groundwater, Line 2 (Task 12)
Well No. Volatile Organics (ug/L) Semi-Volatile Organics (ug/L) Explosives (ug/L)
12A Methylene Chloride (7.2 B) Butylbenzylphthalate (2.7 J) RDX (1,200)
1,3-Dinitrobenzene (0.46 J)
128 None Butylbenzylphthalate (0.78 J) RDX (4.9)
Bis(2-ethylhexyl)phthalate (3.4J) HMX (1.2J)
12C Methylene Chloride (4.6 JB) None 1,3-Dinitrobenzene (0.46 J)
4-Nitrotoluene (1.6)
12D Toluene (5.2) Butylbenzylphthalate (2.2 J) None
Bis(2-ethylhexyl)phthalate (4.2J)
12E Methylene Chlonde (21.7 B) Bis(2-ethylhexyl)phthalate (6.8J) 1,3-Dinitrobenzene (0.95 J)
126 Methylene Chioride (5.5 B) None None
JAWT0 Methylene Chloride (3.3) Bis(2-ethylhexyl)phthalate (5J) RDX (1,200)
HMX (130)
4-Amino-2,6-dinitrotoluene (23)
2-Amino-4,6-dinitrotoluene (21)
JAWT1 Methylene Chloride (4.3) Bis(2-ethylhexyl)phthalate (4.3J) RDX (9.3)
HMX (2.6)
1,3-Dinttrabenzene (2.4)
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Table 3-57. Organic Chemicals Detected in Groundwater, Line 2 (Task 12)
Well No. Volatile Organics {ug/L) Semi-Volatile Organics (ug/L) Explosives (ug/L)
JAWT2 Methylene Chloride (5.2) Bis(2-ethylhexyl)phthalate (6.7.) RDX (1,600)
Trichloroethene (7.7) HMX (140)

4-Amino-2,6-dinitrotoluene (19)
2-Amino-4,6-dinitrotoluene (30)

JAWT3 Methylene Chloride 4.4 Bis(2-ethylhexyl)phthalate (7.7.) RDX (190)
HMX (4.7)
10A None None RDX (1200}
HMX (220)
2,4-Dinitrotoluene (7.8 J)

4-Amino-2,6-Dinitrotoluene (14)
2-Amino-2,6-Dinitrotoluene (20)
108 Methylene Chloride (10.4 B} None RDX (250)

HMX (82)
4-Amino-2,6-Dinitrotoluene (5.9)
2-Amino-2,6-Dinitrotoluene (8.1)
J = Estimated concentration below the reporting limit. B = Found in the blank and the sample

Results of RCRA metals analyses (dissolved) are summarized in Table 3-58. A full tabulation of
results is included in Appendix J.

Table 3-58. Selected Metals Analysis (mg/L), Task 12, Line 2

Parameter | 124 | 128 | 12 | 12D | {12E 12G6__| JAWTO | JAWT1 | JAW72 | JAWZ3 | 10A | 10B
Arsenic ND | ND | 0016 | 0001 | ND ND ND ND ND ND ND | AD
Barium 014 | 013 | 044 | ND | 0064 | 011 0082 | 0067 | 0071 | 0063 | 0.11 | 0015
Cadmium ND_| _ND ND ND ND ND ND ND ND ND ND | _ND
Chromium ND | ND ND ND ND ND ND ND ND ND ND_| ND
Lead ND | AD ND ND ND ND ND ND ND ND ND | ND
Mercury ND [ ND ND ND ND ND ND ND ND ND ND | ND
Selenium ND | ND ND ND ND_| 0.00088 | ND ND ND ND ND | ND
Silver ND_ | ND ND ND ND ND ND ND ND ND ND_| ND

ND = Not Detected

3.13 Additional Groundwater Data, Downstream Reach of Brush Creek

Four new monitoring wells (13B, E, D, and F) were installed at three locations in this task to
evaluate the downstream reaches of Brush Creek as potential migration pathways for
contaminants and to evaluate interactions between groundwater and surface water in the creek.
Well locations are shown on Figure 3-23. Well 13B is a single well west of the creek, screened
in bedrock. Wells 13E and 13D are a well pair east of the creek, screened in the upper and lower
till. Well 13F, also east of the creek and east of 13E/D, is a single well screened in the till. Well
information is summarized in Table 3-59. Boring logs and well construction sketches are
provided in Appendices A and C, respectively.

Table 3-59. Monitoring Well Data, Task 13, Downstream Reach Brush Creek
Coordinates Elevation Drilled Screen Depth .
Number Noth | East Ground | TOC Depth (1) Top | Botom | “quiferZone

13A Not drilled due to subsurface conditions encountered

138 287765.7 | 22772555 | 62767 | 62959 | 454 ] 336 | 436 |  Bedrock
13C Not dnilled due to subsurface conditions encountered

13D 228128.0 2278281.7 652.84 654.59 85.0 74.8 84.8 Lower Till
13E 228119.5 2278285.2 652.56 654.21 34.5 33.5 34,5 Upper Till
13F 288227.2 2278612.3 658.65 660.44 55.0 45.0 55.0 Lower Till

TOC = Top of Casing

The new wells supplement an existing well pair (wells G54 and GS55), located in the bottom of
the creek valley and screened in the bedrock and shallow till, respectively. The shallow well of
this existing pair, G55, is screened at an elevation about 6 feet lower, but roughly equivalent to
13F, and just above 13B. Initially, additional new monitoring wells 13A and 13C were planned
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west of the creek. However, the first well boring west of the creek, 13B, encountered bedrock at
a depth of about 8 feet and, with the concurrence of USACE and USEPA, further drilling west of
the creek was concluded to be unnecessary to achieve task objectives and these two wells were
not drilled.

3.13.1 Geology

A generalized hydrogeologic cross-section across the creek is shown on Figure 3-24. The
geology of this area, as illustrated on the cross-section, is characterized by unconsolidated glacial
deposits overlying limestone bedrock. East of Brush Creek, the till sequence extends to more
than 85 feet, the depth of the longest well boring, 13D. Bedrock was not encountered in borings
east of the creek. Well G54 encountered bedrock at a depth of about 45 feet beneath the creek
bed. West of the creek, the bedrock surface rises steeply and bedrock is only 8 feet deep in 13B.
Shallow bedrock also was encountered in piezometer boring 14D about 3,000 feet further west
from 13B. Soil materials encountered in these borings consisted of silty to sandy clay
immediately underlying the surface to depths of about 8 feet underlain by interbedded silt, clayey
silt, and silty clay with occasional sand seams and beds. These interbedded units extended to the
bottom of the deepest boring drilled, 13D, at 85 feet. The soil types encountered in these borings
appears more granular than further north in Line 2 and 3. Three gradation tests were obtained on
samples from these wells. Results are shown in Table 3-60 and indicated clayey sand, sandy
clay, and clay soils with 30% to 85% passing the #200 sieve.

Table 3-60. Results of Gradation Testing, Downstream Reach of Brush Creek
Well No. Depth (ft)_ Classification % Gravel % Sand % Silt % Clay
13D 78.5-79 Clayey Sand 5.1 61.7 25.3 7.9
13E 26-26.5 Sandy Clay 1.2 45.1 37.6 16.1
13F 52-52.5 Clay 0.1 14.8 57.3 27.8

3.13.2 Hydrogeology

Potentiometric levels measured in the wells in this task ranged from elevation 602.16 in G55,
located on the river bank, to 624.16 in 13E east of the creek (Figure 3-24). Potentiometric levels
from all wells are slightly above the estimated level of Brush Creek, indicating that groundwater
is recharging the creek from both the west and east sides. Based on measurements in the
13D/13E well pair, screened at two depth zones, a downward vertical hydraulic gradient of
approximately 0.17 f/ft is indicated. Therefore, determination of horizontal gradients must be
based upon measurements from wells screened in roughly equivalent elevation intervals.
Potentiometric measurements in bedrock well 13B are consistent with measurements from other
wells showing flow first to the overlying drift/alluvium and then toward the creek. Therefore,
bedrock aquifer appears hydraulically connected to the unconsolidated aquifer and to the creek.

Hydraulic conductivity values estimated from field permeability (slug) tests in these wells are
summarized in Table 3-61.

Table 3-61. Results of Field Permeability Tests, Task 13, Brush Creek
Well Number Estimated Hydraulic Conductivity
138 1.23 x 10-2 cnvsec (34.88 f/day)
13D 1.42 x 10-6 cmv/sec (0.0040 ft/day)
13€ Test data could not be analyzed
13F Recovery too rapid for data analysis
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The value of about 35 ft/day in well 13B indicates the shallow bedrock at that location is
relatively permeable. During development by bailing and pumping, this well also recharged
relatively quickly, yielding about 70 gallons in slightly less than 3 hours. The much lower value
of 0.004 ft/day in 13D reflects the clayey till in which the well is screened and is consistent with
development data (the well could be bailed dry manually). Test data from 13E could not be
reliably interpreted and appears to be a bad data set. 13E also could be bailed dry during
development. Well 13F recovered too rapidly for valid analysis of the slug test data, normally
suggesting high permeabilities. However, this well also could be bailed dry during development,
suggesting slow recharge. Therefore, this result is questionable and should not be used.

3.13.3 Groundwater Sampling

Groundwater samples collected in this task were analyzed for explosives, metals (total and
dissolved), and water quality parameters. Results of analysis are tabulated in Appendix J.
Results are illustrated and discussed further in Section 5.0, Nature and Extent of Contamination.

Explosive concentrations detected in the Task 13 samples are shown in cross-section on Figure
3-24, including nearby surface water and sediment sampling at (Location K) in Task 7
(Sediment and Surface Water Sampling, Site Drainages). No explosives were detected in
groundwater from 13E or 13F, screened in the upper or intermediate drift east of Brush Creek.
This confirms the absence of local surface contamination sources and reflects the observation
that these wells are upgradient from the creek (i.e. contaminants would not migrate from the
creek to these shallow wells). Low concentrations of explosives were detected in deeper wells
13D and G54 and in 13B in the upper bedrock west of the creek. 4-Nitrotoluene was detected in
13B at an estimated concentration of 0.56 ug/L and 1.6 ug/L nitrobenzene were detected in 13D.
2-Nitrotoluene was detected at 2.8 ug/L in pre-existing well G54, the deeper of the 2-well pair
adjacent to the creek. In G55, the shallower of the pair, RDX was detected at 2.2 ug/L and 1,3-
dinitrobenzene was detected at an estimated concentration of 0.43 ug/L. No other explosives
were detected.

It is possible that the creek is the local source of this contamination. However, the creek is being
recharged by the groundwater and the trace concentrations detected in the deeper wells could
reflect contamination from more remote sources upgradient from the Task 13 study area. If so,
the lateral extent of the contamination could be significant, but the concentrations are low.
Sediment samples from location K contained no detectable explosives, although the surface
water sample contained 2.67 ug/L total explosives, similar to the 2.63 ug/L detected in the
adjacent shallow well G55. These results show that the sediment is not a significant continuing
source of contamination, but that the surface water itself is acting as a migration pathway, at least
for small concentrations of contaminants. Also, these results suggest that well G55 is monitoring
surface water conditions related to the creek, more than the groundwater itself.

Results of dissolved metals analysis are summarized in Table 3-62, focusing on the metals for
which groundwater PRGs were published for the site. Complete results are summarized in
Appendix J.
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\ Table 3-62. Selected Dissolved Metals Detected in Groundwater, Task 13, Brush Creek

L Parameter (mg/L) 138 13D 13E 13F G54 G55
Antimony ND ND ND ND ND ND
Arsenic ND 0.0036 0.00053 0.0012 0.00062 0.00068
Barium 0.08 0.67 0.06 0.35 0.12 0.04
Beryllium ND ND ND ND ND ND
Cadmium ND ND ND ND ND ND
Chromium ND ND ND ND ND ND
Lead ND ND ND ND ND ND
Manganese 0.31 0.098 0.27 0.14 0.0092 1.3
Mercury ND ND ND ND ND ND
Nickel ND ND ND ND ND ND
Selenium ND ND ND ND ND ND
Silver ND ND ND ND ND ND
Thallium ND ND ND ND ND ND
Vanadium ND ND ND 0.032 ND ND

ND = Not Detected

Results of analysis for water quality parameters are summarized in Table 3-63, below.

( Table 3-63. Results of Groundwater Quality Parameter Analysis, Task 13, Brush Creek
Parameter . 138 13E 13F G54 G55
Alkalinity (mg/L) 297 587 453 373 508
Chloride (mg/L) 1.1 4.5 3.4 5.6 8.4
Nitrate-Nitrite (mg/L) ND ND ND ND ND
DH (units) 78 7.4 7.1 74 6.7
Tolal Dissolved Solids (mg/l) 284 1300 520 385 1710
Total Suspended Solids (mg/L) 5.4 7.1 180 1.9 12.8
Sulfate (mg/L) 6.1 186 45.8 22.3 401
Sulfide (total) (mg/L) ND ND ND ND ND
Total Organic Carbon (mg/L) 1 1.3 4.6 ND ND

3.14 Additional Bedrock Topography Data

The purpose of this task was to obtain additional data on the elevation of the bedrock surface
beneath the IAAAP and to evaluate the new and existing data to identify impacts of the bedrock
surface on groundwater flow, migration pathways, and possible remedial actions.

Six (6) piezometers were installed in the upper bedrock in this task. The piezometers are
designated 14A through 14F on Figure 1-3 and were located in areas where no bedrock data were
available from previous drilling. The borings for the piezometers ranged from 43.6 to 108.5 feet
deep and bedrock was encountered at depths between 21.6 feet in 14F and 88.5 feet in 14E.
Piezometer data are summarized in Table 3-64. Boring logs and construction sketches are
provided in Appendices A and C, respectively.

Table 3-64. Piezometer Data, Task 14, Bedrock Topography
Coordinates Elevation Drilled Screen Depth .
Number North East Ground TOC Depth (ft) Top Bottom Aquifer Zone
14A 298163.3 2275920.3 691.57 693.83 67.5 65.3 67.5 Bedrock
148 292254.9 2276161.8 678.28 680.84 98.0 95.8 98.0 Bedrock
14C 290752.7 2267497.7 6834.35 686.24 77.1 751 77.1 Bedrock
14D 287166.9 2273457.5 676.81 679.05 43.6 414 43.6 Bedrock
14E 298555.6 2262676.4 689.81 691.28 108.5 106.6 108.8 Bedrock
14F 285498.9 2260874.1 675.16 677.20 43.5 40.4 424 Bedrock

TOC =Top of Casing

Three monitoring well borings installed in other tasks (12D, 13B, and 16A), also encountered
bedrock. In addition, available boring logs from previous field programs were reviewed and top
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of bedrock data from these borings also were used. In all, sixty-eight (68) subsurface data points
on the bedrock elevation are available for the evaluation, as listed in Table 3-65, below.

Table 3-65. Top of Bedrock Elevations in Site Borings
Boring Ground Depth to Bedrock
Well Drainage Location Depth Elevation Bedrock (fY) Elevation
{ft) (ft MSL) (ft MSL)
12-D Brush Line 2 120.00 689.28 110 57928 |
13-8 Brush Road K 85.00 627.67 7.5 620.17
14-A Spring General 67.50 691.57 47.5 644.07
14-B Brush/Spring General 98.00 678.28 77.2 601.08
14-C Long/Brush General 77.10 684.35 56.0 628.35
14-D Brush General 43.60 676.81 22.5 654.31
14-E Long General 108.50 689.81 88.5 601.31
14-F Skunk/Long General 43.50 675.16 216 653.56
16-A Brush Line 3 110.00 694.35 109.5 584.85
DA-1 Skunk Demolition Area 21.00 673.53 7.90 665.63
DA-2 Skunk Demolition Area 25.00 678.29 11.80 666.49
EDA-2 Spring Demolition Area 27.00 671.62 32.60 639.02
G-10 Skunk Demolition Area 24.00 681.92 15.00 666.92
G-11 Skunk Demolition Area 37.00 691.64 25.00 666.64
G-13 Skunk Perimeter/SW 30.00 646.74 18.50 628.24
G-24 Brush Perimeter/SE 17.00 600.11 6.00 594.11
G-30 Spring West Burn Pad 17.00 652.01 4.40 647.61
G-40 Brush Line 800 83.00 682.28 58.00 " 624.28
G-42 Brush Line 800 77.00 683.14 49.00 634.14
G-44 Brush Line 800 80.00 679.70 50.00 629.70
G-46 Brush Line 800 68.00 678.42 41.00 637.42
G-50 Brush Brush Creek 82.00 63.00
G-52 Brush Brush Creek 39.00 634.72 21.00 613.72
G-54 Brush Brush Creek/K Road 65.00 611.64 45.00 566.64
JAW-1 Skunk Demolition Area 20.00 674.45 10.00 664.45
JAW-2 Skunk Demolition Area 27.00 682.75 18.00 664.75
JAW-4 Spring Explosive Disposal Area 23.50 657.95 8.00 649.95
JAW-12 Spring North Bum Pad 23.00 674.13 23.00 651.13
JAW-13 Spring North Bun Pad 18.50 667.18 15.00 652.18
JAW-14 Spring North Burn Pad 30.00 671.27 19.00 652.27
JAW-16 Long Line 3A 58.00 710.98 53.50 657.48
JAW-18 Long Line 3A 51.20 709.24 47.50 661.74
JAW-21 _Long Line 3A 58.2 711.88 56.0 655.88
JAW-23 Spring West Burm Pad 10.50 654.19 6.00 648.19
JAW-24 Spring West Bumn Pad 11.00 640.61 8.00 632.61
JAW-27 Long Inert Disposal Area 116.00 684.22 108.50 575.72
JAW-33 Long Firing Site 34.00 682.22 30.50 651.72
JAW-35 Long Firing Site 21.00 640.04 12.00 628.04
JAW-58 Spring Fire Training Pit 34.00 685.93 31.00 654.93
JAW-59 Spring Fire Training Pit 33.00 682.53 25,00 657.53
JAW-60 Spring Fire Training Pit 34.00 681.46 25.80 655.66
JAW-76 Brush South Boundary 78.50 600.00 5.50 595.33
JAW-78 Brush Line 800 66.00 674.78 50.00 624.78
JAW-80 Spring Fire Training Pit 26,00 672.69 17.00 655.69 |
JAWG01 Brush Line 1 68.50 678.72 54.50 62422 |
JAW602 Brush Line 1 98.00 711.21 87.50 62371 |
JAW603 Brush Line 1 98.00 714.79 80.50 63429 |
JAW609 Brush/Long 112.50 720.06 93.00 627.06 |
JAW614 Spring Explosive Disposal Area 37.00 673.49 22.50 650.99 !
JAW618 58.00 690.55 44.30 64625 |
JAWGE19 Long Firing Site 55.00 682.42 33.00 649.42
JAWB27 Spring North Burn Pad 39.50 680.62 30.00 650.62
PW-1 456.00 712 105.00 607.00
PW-2 91.00 699 85.00 614.00
PW-3 497.00 717 115.00 602.00
PW-4 1198.50 726 137.00 589.00
| -6 Long Inert Disposal Area 129.00 711.21 76.00 635.21
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Table 3-65. Top of Bedrock Elevations in Site Borings
Boring Ground Depth to Bedrock
Well Drainage Location Depth Elevation Bedrock (ft) Elevation
(f) | (ftmsL) (ft MSL)
T-7 Long Inert Disposal Area 130.00 85.00
T-8 Long Inert Disposal Area 128.00 95.00
79 Long Inert Disposal Area 137.00 703.67 117.00 586,67
| T-12 Long Flyash Landfill 121.00 723.06 97.00 626.06
T-15 Long Flyash Landfill 107.00 717.61 87.10 630.50
T-18 Long Fiyash Landfil 115.00 715.57 88.00 627.57
T-21 Long Flyash Landfil 121.00 714.71 99.00 615.71
T-24 Long Flyash Landfill 125.00 713.69 102.50 611.19
T-27 Long Flyash Landfill 140.00 713.52 116.00 597.52
7-30 Long Flyash Landfill 149.00 713.91 125.50 588.41
T-33 Long Flyash Landfill 139.00 713.64 119.00 594.64
T-36 Long Flyash Landfill 160.00 712.52 136.50 576.02

Surface reconnaissance mapping also was performed to locate bedrock exposures. These data
are basewide in nature, and discussion is provided in Section 4.1, including elevation contours on
the top of bedrock surface.

3.15 Evaluation of Vertical Hydraulic Gradients

The direction and magnitude of vertical hydraulic gradients was evaluated by determining the
ratio between measured piezometric depths and screen midpoint depths from paired wells. Data
from Task 2 (Groundwater Monitoring Well Inventory) were reviewed to identify well pairs
usable for this purpose in different parts of the plant. In all, 21 well pairs (or triplets) were
determined to be useable for this purpose and were evaluated. These utilized both pre-existing
and new wells and included wells installed in the upper and lower till zones and the bedrock. In
general, a relatively large number of paired wells exists across the northern half of the IAAAP,
including a series of closely spaced triple wells in Line 9 (T10 through T33). There are fewer
well pairs available in the south, although the availability of data is generally sufficient for the
objectives of the evaluation.

Results of this evaluation are summarized in Table 3-66, below. As defined for this evaluation,
positive (“+7) values represent downward hydraulic gradients.

Table 3-66. Vertical Hydraulic Gradients Estimated from Paired Wells
Location From Well: To Well: Vertical Gradient ft/ft)
Line 9 710 (Upper till) T11 (Lower til) +0.881
Line 9 T11(Til) T12 (Bedrock) +0.224
Line 9 T13 (Upper till) T14 (Lower til) +0.566
Line 9 T14(Till) T15 (Bedrock) +0.676
Line 9 T16 (Uppertil) T17 (Lower tif) +0.401
Line 9 T17(Til) T18 (Bedrock) +0.373
Line 9 T19 (Upper til) T20 (Lower till) +0.249
Line 9 T20 (Til) T21 (Bedrock) +0.361
Line 9 T22 (Upper til) T23 (Lower till) +0.311
Line 9 T23 (Till) 724 (Bedrock) +0.299
Line 9 725 (Upper til) 126 (Lower til]) +0.318
Line 9 T26 (Til) T27 (Bedrock) +0.471
Line 9 T28 (Upper till) T29 (Lower till) +1.006
Line 9 T29 (Til) 730 (Bedrock) +0.046
Line 9 T31 (Upper til) 732 (Lower till) +0.400
Line 9 132 (Till) T33 (Bedrock) +0.245
Brush Creek G53 (Till) G52 (Bedrock) -0.346
Brush Creek G55 (Til) G54 (Bedrock) 0.054
Line2 12B (Upper till) 12C (Lower till) +0.422
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Table 3-66. Vertical Hydraulic Gradients Estimated from Paired Wells
Location From Well: To Well: Vertical Gradient ft/ft)

Line 2 12C (Upper till) 12D (Bedrock) +0.356
Line 2 13E (Til) 13D (Bedrock) +0.176
Line 800, East side G45 (Till) G44 (Bedrock) +0.298
Line 800, West side G41 (Till) G40 (Bedrock) +0.378
Firing Site JAW34 (Till) JAWG619 (Bedrock) +0.606
Line 5A JAWG06 (Till) JAWSG09 (Bedrock) +0.543
Firing Site JAW34 (Til) JAW33 (Bedrock) -0.34

Firing Site JAW33 (Upper Bedrock| JAWG19 (Deeper edrock) +1,158
Firing Site JAW32(Til) JAWG618 (Bedrock) +0.810
Line 3A JAWTT (Till) JAW18 (Bedrock) +0.072
Fuel Station DM1 (Upper till) DM2 {Lower til) -0.058

Note: “+" values indicate downward hydraulic gradient.

In almost all cases, vertical hydraulic gradients are indicated to be positive (e.g. downward)
through the glacial tills and between the till and the bedrock. This indicates recharge of the till
aquifer by infiltration of precipitation and downward movement of groundwater through the
aquifer, ultimately recharging the bedrock. The magnitude of the downward vertical gradient
varies widely, as would be expected given the geologic and topographic variability of the
TAAAP. Values typically ranged from less than 0.1 ft/ft to as much as 1.46 ft/ft.

Negative (e.g. upward) vertical gradients were found for well pairs G52/53 and (G54/55, located
along Brush Creek. The upward gradient in these wells is due to their close proximity to the
creek and reflects groundwater flow from the aquifer to the Creek. This finding supports mini-
piezometer and other data collected in this program, which show the creek to be gaining. The
small negative (upward) gradient between well DM1 in the upper till and DM2 in the lower till
cannot be so readily explained and may reflect well conditions, which are not well known.

An upward gradient of 0.34 ft/ft also was identified between JAW34 and JAW33, at the Firing
Site in the southwest part of the plant. These wells are screened in the till and upper bedrock
zones, respectively. However, a downward gradient is indicated between JAW33 and JAW619,
screened slightly deeper in the bedrock. There are insufficient wells in this area to determine
whether the upward gradient between JAW 34 and 33 is a general condition in this part of the
site. If so, it would result from proximity to the Skunk River valley and the shallow bedrock in
this area and would reflect complex flow patterns at the boundary of the till aquifer. This
condition may be present across the south perimeter of the site, nearest to the Skunk River, but
has little impact on overall groundwater flow, since the data indicate recharge to the Skunk River
in any event.

Wells G24 and JAW76, near Brush Creek at the south boundary of the IAAAP also represented
an unusual condition in which the shallow well, G24, was screened in the bedrock while the
deeper well, JAW76, was screened in till. The gradient was 1dentified as downward and would
infer that the bedrock was recharging till. However, these wells are not in close enough
proximity to be considered “paired” and appear affected by variable bedrock surface and
proximity to both Brush Creek and the Skunk River valley.
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3.16 Additional Groundwater Data, Line 3

Five new monitoring wells were installed at Line 3 in this task. Locations are shown on Figure 3-25 and
well data are summarized in Table 3-6. Boring logs and well construction sketches are provided in
Appendices A and C, respectively.

Table 3-67. Monitoring Well Data, Task 16, Line 3
Number Coordinates Elevation Drilled Screen Depth Aquifer
North East Ground TOC Depth (f) Top Bottom Zone

16A 299600.9 2267990.9 694.35 696.30 110.0 99.4 109.4 Bedrock
168 300701.1 22684104 699.15 701.10 25.2 151 25.1 Upper Till
16C 300002.3 2268670.8 695.66 697.69 256 15.6 25.6 Upper Till
160 298983.3 2268246.0 695.77 697.66 25.1 150 25.0 Upper Till
16E 298986.4 2268235.6 695.69 697.55 55.0 45.0 55.0 Lower Till

TOC = Top of Casing

3.16.1 Geology

Monitoring wells installed in Line 3 are shown on Figure 3-25 and subsurface conditions are
illustrated by generalized hydrogeologic cross-sections A and B on Figures 3-26 and 3-27. In
general, soils encountered in Line 3 consist of silty clay and clayey silt similar to Line 2.
However, boring logs suggest a somewhat greater proportion of silt and sand. A generalized
sequence includes silty clay from the surface to depths of 10 or 15 feet, underlain by an
intermediate unit of interbedded silt, silty clay, and clay/silt admixtures with sand seams. This
unit extends to depths of between 25 and 55 feet, thickening to the south. Soils underlying the
intermediate unit consist of silty clay till with sparse, thin sand seams extending to bedrock.
Limestone bedrock was encountered at a depth of 109.5 feet in 16A. Four gradation tests were
obtained on samples from the new wells. Results are shown in Table 3-68 and indicated clayey
sand and sandy clay with 35% to 60% passing the #200 sieve.

Table 3-68. Resuits of Gradation Testing, Downstream Reach of Brush Creek
Well No. Depth (ft) Classification % Gravel % Sand % Silt % Clay
13A 108.5-109 Clayey Sand w/Gravel 325 328 222 12.5
138 22225 Sandy Clay 24 437 30.5 234
13C 23.5-24 Sandy Clay 1.3 48.3 30.6 19.8
13D 17-17.2 Sandy Clay 5.8 334 384 224
13E 52-52.5 Sandy Clay 2.7 33.8 35.6 27.9

Note: Test reports provided in Appendix B.

3.16.2 Hydrogeology

During drilling, groundwater was encountered intermittently in the form of moist, soft zones in
the intermediate and upper clayey till sequences and sporadic, thin saturated sand seams.
However, no water bearing units of significant thickness were encountered in the predominantly
clayey and silty soils.

Potentiometric elevations and contours in Line 3 are shown on Figure 3-28. Potentiometric
levels ranged from elevation 678.88 in deep well 16A to 698.47 in shallow well JAWS7.
Potentiometric levels measured in shallow (e.g. <25 feet deep) wells were between 3.7 and 5 feet
of the ground surface. Groundwater flow in this upper zone is southeasterly, obliquely
downstream toward Brush Creek, as illustrated by generalized contours on Figure 3-28.
However, lateral hydraulic gradients are small, between 0.0038 ft/ft and 0.0075 ft/ft. The flow
toward Brush Creek indicates that groundwater recharges the creek at Line 3. As elsewhere,
downward vertical hydraulic gradients exist of approximately 0.26 ft/ft between paired wells
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16D and 16E, and 0.05 f/ft between 16E and well 16A, screened in the lower till just above
bedrock. Thus, the potentiometric contours on Figure 3-29 should be used with caution, since
measured levels are effected by screen depth. Hydraulic conductivity values estimated from
field permeability tests at Line 3 are summarized in Table 3-69.

Table 3-69. Field Permeability Test Resuits, Line 3 (Task 16)
Well Number Estimated Hydraulic Conductivity
16A Recovery too rapid for analysis.
168 6.46 x 10-7 cm/sec (0.00183 fi/day)
16C 2.42 x 10-5 cmvsec (0.0685 ft/day)
16D 2.42 x 10-2 cmi/sec (68.57 fY/day)
16E 1.33 x 10-6 cm/sec (0.0038 f/day)

Due to rapid recovery, test data for well 16A could not be evaluated. This probably reflects both
a 2 - 3 foot sand seam in the screened interval, but more likely the limestone bedrock
immediately below. Data from wells 16B, 16C, and 16E, screened in silty clay tills average 0.03
ft/day, consistent with the low permeability soils. All of these wells could be manually bailed dry
during development and these values appear to be representative of the tills underlying Line 3.
The value of 68.57 ft/day from well 16D appears anomalously high for these soils and is
inconsistent with well development, during which the well could be bailed dry. This test result is
questionable and was not used.

Based on average lateral hydraulic gradients scaled from the potentiometric contours (taken as
0.0057 fvft), and average values of hydraulic conductivity from the slug tests in the shallow
monitoring wells (taken as 0.025 ft/day), average horizontal groundwater flow velocities were
estimated using Darcy’s Law in the form: v = ki/n; where “v” is flow velocity, “I” is gradient,
and “n” is effective porosity (assumed at 30% from published values). Average flow velocities
thus are indicated to be in the order of 4.75 x 10 ft/day (about 0.02 ft/year), suggesting further
that groundwater movement at this site is very slow.

3.16.3 Groundwater Sampling

Groundwater samples collected in Line 3 included five (5) new monitoring wells (16A, B, C, D,
and E) and three (3) existing wells (JAW-53, 54, and 55). Results of analyses are summarized
below and are illustrated and discussed further in Section 5.0, Nature and Extent of
Contamination. Full tabulations are provided in Appendix J. Detections of VOCs, SVOCs, and
explosives are summarized in Table 3-70.

Table 3-70. Organic Chemicals Detected in Groundwater, Line 3 (Task 16)
Well No. Volatile Organics (ug/L) Semi-Volatile Organics (ug/L) Explosives (ug/L)
16A Methylene Chloride (6.7 B) Butylbenzyiphthalate (3.3 J) Nitrotoluene (2.9)
Bis(2-ethylhexyl)phthalate (10.9) Nitrobenzene (4)
Tetryl(2.1)
168 None None None
16C | None None None
16D None None None
16E | Methylene Chioride (0.58 JB) None None
JAWS3 | Methylene Chioride (7.4) Bis(2-ethythexyl)phthalate (5.2J) None
JAWS4 | Methylene Chioride (8.1) None RDX (1,500)
Chloroform (1.9) HMX (210)
2,4-Dinitrotoluene (10)
4-Amino-2,6-dinitrotoluene (26 J)
\ 2-Amino-4,6-dinitrotoluene (87)
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Table 3-70. Organic Chemicals Detected in Groundwater, Line 3 (Task 16)

Well No.

Volatile Organics {ug/L)

Semi-Volatile Organics (ug/L)

Explosives (ug/L)

JAW55 | Methylene Chioride (0.41 J)

Bis(2-ethylhexyl)phthalate (6.4J)

RDX (0.87 J)
HMX (3.9)

Analytical results are plotted on the cross-sections on Figures 3-26 and 3-27. Explosives were
detected in samples from 16A, JAWS54, and JAWSS. RDX was present in JAWS54 at 1,500 ug/L

J = Estimated concentration below the reporting limit. B = Found in the blank and the sample

with several other compounds detected.

RCRA metals analyses (dissolved) are summarized in Table 3-71 and tabulated in Appendix J.

L Table 3-71. Selected Metals Detected in Groundwater (mg/L), Task 12, Line 2

[ Parameter 16A 168 16C 16D 16E JAWS3 JAWS54 JAWSS

| Arsenic ND 0.00059 ND ND ND 0.00055 ND 0.00065
Banium 0.36 0.12 0.14 0.087 0.26 0.1 0.091 01
Cadmium ND ND ND ND ND ND ND ND
Chromium ND ND ND ND ND ND ND ND
Lead ND ND ND ND ND ND ND ND
Mercury ND ND ND ND ND ND ND ND
Selenium ND 0.0013 ND 0.00062 ND ND 0.0011 ND
Sitver ND ND ND ND ND ND ND ND

ND = Not Detected
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0

1,1,2-Trichlorofiuorosthane {0.08 mg/kg)

4
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1,3,5-Trimethylberzene 10.83 ma/ikg),
a-Butyt Banzene {1.4 mo/y),
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Seil
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sec-Butyl Bargene + | mg/kg),
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83
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None
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Tolusne 10.003 uoAgiB),
1.1,2-Trichiorofiuorcethans 10.026 up/kg)(B}

1,1,2-Trichiorofivarosthane ©0.060 ug/kgh(Bi,
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g

Toluens {0.004 ug/kg)(B)

g
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Isopropyl Borzene (3 ug/L),
n-Propyibenzens (1 ugi.),

1, 1-Dichicrosthane {8 ugl)
1,1-Dichloroetharw (8 ugll,
cle-1,2-Dichiarosthane {20 ug/t),
Toluene {3 ugNL}B)

NOTE:
Generalized extent of contamination based on concentrations in

soil excluding “B" flagged data. “B” flag indicates chemical found
in blank and sample.

SCALE 2v-5-_ _0 50 1 EO Feet
Figure 3-13
VOC ANALYTICAL RESULTS

B. LINE 1 TANK FARM (Task 11)
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VOC ANALYTICAL RESUATS
Boting Sample Sample VOC Parsnaters Detocted
No. Type Depth {ft) {concentration)
(] Soil (- 1,1,2-Trichioroflucroethans (0.013 mg/kg)
Soil 10 Ethy! Benzene 10.004 mg/kgl,
Xylenes-totel 10.064 mg/kg)
Soil 25 1,1,2-Trichiorofhioroothane {0.866 mg/kg)
Soil 33 1,1,2-Trichioroftuoroethans {0.12 mg/kg)
Groundwater 1,1,2-Trichlorofiuoroethane (60 ugl),
Xylenes-totel {8 ug/L),
Toluene (3.1 ugL}{8)
Groundw ster 1,1, 2-Trichloroftucroethane {130 uglL),
Xylenes-totel {2 ug/L}
Cc2 Soil 0 1,1,2-Trichlorofluoroethans (0.33 mg/kg)
Soit 4 1.1,2-Trichloroflucroethane {1.8 mg/kg),
Maethylene Chioride 10.016 ma/kg)(B),
Chloroberzens 10.008 mo/kg),
1,2-Dichiorobenzene {0.041 mg/kg),
1,4-Dichlorobenzene {0.007 mg/kg)
Soit 10 1,1, 2-Trichlorofluoroethane (0.073 mg/kg),
Chioroberzene {0.021 mg/kg)
Groundw ates 1,1,2-Trichlorofluoroethane {16 uglL),
Berzene (2 ugl),
Chiorobaenzens (83 ug/l)
c3 Groundwater None
C4 Groundw ster "None.
cé Soil 3 None
Groundwater None

B = Detected in blank.

Scale 25 0 50 Feet
Approximate Scale

Figure 3-14

VOC ANALYTICAL RESULTS

C. BUILDINGS 2-02 AND 2-03 (TASK 11)

SUPPLEMENTAL GROUNDWATER RI
IOWA ARMY AMMUNITION PLANT

Middletown, lowa
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VOC ANALYTICAL RESULTS
Bordng Sample Sample VOC P D d { ton)
No. Type Depth (ft)
D1 Soll o 1,1,2-Trichlorofluoroethane (0.6 mg/kg)
Sol € 1,1,2-Trichlorafiuorosthane {0.19 ma/kg),
1,2,4-Trimethylbenzene (0.03 mg/kg)
Soll ) 13 Nome
Groundwater 33 1,1,2-Trichiorofluoroethans (11 ug/L)
LEGEND:
Scale 25 0 50 Feet
° Previous Soil Gas Point, showing
Depth and TVOC: (ppb) Approximate Scale
@  voc Boring Figure 3-15
@ VOC Boring with Groundwater Sample VOC ANALYTICAL RESULTS

D. BUILDING 3-03 (Task 11)

SUPPLEMENTAL GROUNDWATER RI

IOWA ARMY AMMUNITION PLANT
Middletown, lowa
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VOC ANALYTICAL RESULTS
Boting |  Semple Sample | VOC Purameters Deteitad
No. . Type Depth (ft) (conoentratior)
E1 ol ° 1,1,2-Trichlorofuorosthane (1 mo/ko)
Soll . 1.1,2-Trichiorofiuorcethane 10.18 makgl
Sall - 10 j 1,1,2-Trichiorofiuoroethane 10.31 mg/kg)
Groundwater None
E2 Sok 0 1,1,2-Trichlorofiuorcathans 10.47 mg/kg! |
Soil ') 1,1,2-Trichiorofuoiosthane (3.8 maAg),
1,2,4-Trimsthylbenzens (0.028 mg/kg),
n-Butyl benzens (0.16 mg/kg),
woc-Butyl berzens 10.013 mg/kg),
4-sopropyl toluens 0.021 mg/kg),
n-Propylbenzense {0.008 mg/kg)
Figure 3-16
VOC ANALYTICAL RESULTS

E. BUILDING 3A-03-01 (Task 11)

SUPPLEMENTAL GROUNDWATER RI

IOWA ARMY AMMUNITION PLANT
Middletown, lowa
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@ VOC Boring with Groundwater Sample
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Freon Concentration >PRG (59,000 ug/L.)
69,000 in Groundwater

VOC ANALYTICAL RESULTS VOC ANALYTICAL RESIATS
Borin Sample Semple VOC Pa Detected ton) Boring Sample Sample VOC Pa +D d {concantrstion)
No. Type Depth (1) No. Type Depth (1)
(3] Solt ] 1.1,2-Tddiwoﬂwoeﬂm {0.42 mg/kg) FB Soit ] 1.1,2-Trichloroftuoroethane {0.38 mg/kg)
Soit 8 1.1.2-T;idiuoﬂuovooth“ {18 mo/kg) Soil [ 1,1.2-Trichlorotluoroethane (0.068 mg/kg),
1,1,1-Trichioroethane (0.026 mg/kg)
Soil 13 1,1,2-Trichiorofhuorosthane {8,000 mg/kg)
Soil 13 1,1,2-Trichlorofluorosthane (4.9 mg/kg)
Soil 23 1.1,2-Trichiorofiuoroethare {280 mg/kg),
Methyiens chioride {8 mg/kg)(B) Soil 23 1,1,2-Trichiorotluoroethene {0.16 mg/kg)
Soll 33 1,1,2-Trichlorofiusoroethans {3.2 mg/kg) 9 Soil 3 1,1,2-Trichlorofluoroethans (0.017 mg/kgl,
. Toluene {0.014 mg/kg)(B)
‘F2 Soil [+] 1,1, 2-Trichiorofiuorosthans {0.18 mo/kg)
Soil 13 1,1,2-Trichlorofiuoroethane (4.5 mg/kg),
Soit 6 1,1,2-Trichiorofiuorosthane (8 mg/kg) Toluene (0.4 mg/kg){B)
Soil 13 1,1,2-Trichlorofiuorsethane {4,000 mg/kg) F10 Soit 3 Toivene (0.007 mg/kq)iB)
Soil 23 1,1,2-Trichioroforosthens (1.7 mg/kg) Soil 13 1,1,2-Trichiorofisoroathene (1.0 mg/kglE)
Soid 33 1,1,2-Trichlorofiuorosthanse (3.1 mg/Xg) F11 Soil 16 1,1,2-Trichiorofiuoroethane {8,200 mg/kg),
Toluene (1.7 ma/kg)(B)
Soil o] 1.1,2-Trichiorofiuoroethane {0.3
F3 2 Trichlor . 0.3 ool F12 Soil a 1.1,2-Trichlorofiuoroethans {0.11 mg/g),
Soil 6 1,1,2-Trichlorofiuorosthans (1.4 ma/kgl Tolsene 10.004 mo/keltB) :
. N Soil 13 1,1,2-Trichloroflucroethane (78 mg/ko),
Soil 13 1.1,2-Tndiamm' 6.3 mo/kg) Tok 0.01 Xg) (B}
Soil 23 - 1,1,2-Trichiorofiuorcethane (34 mgo/kg) f13 Soil 3 Toluene {0.004 mg/kg) (B}
Soil 32 ."':t':;::‘:""l“!::'m ﬁ:::’ mo/kal. Soi 13 1,1,2-Trichiorofluorosthane (0.48 ma/kgl
; g F14 Soil 3 1.1,2-Trichlorofluorosthane {0.037 mg/kg),
Seil 3 "‘xy:’f‘;mm“‘ H‘Z?m";""‘" Toluene (0.004 mg/kgl(B)
. . Soil 13 1,1,2-Trichloroftuorocethane {0.37 mg/kg),
Fq Soil o] 1,1,2-Trichlorofiuoroathane (0.4 mg/kg} Toluens {0.008 mg/kg)(B)
Sod 5 1.1.2-Trichiorofiuorosthens {1 maig) F1 Groundwater 8 1,1.2-Trichlorofiuoroethane (220,000 ugAL}
il - ofiuoroothane {91
Sel 13 1,12 Trichior o 1910 mara) Fa Groundw ater [} 1,1,2-Trichloroflucrosthane {36,000 ugit),
ol 16 1,1,2-Trichiorofuorosthens 12,000 mg/kg) Toluene {2,000 ot }E)
. . F5 Groundw ater 8 1,1,2-Trichlorofiuorosthane (68,000 ugil),
Soil 23. 1,1,2-Trichiorofiuoroethene {0.091 mg/kgliB) Toluens (2,000 ug/L)B)
Sodl 33 1:1,2-Trichlorofluorosthane 10.79 mg/kol F7 Groundwater 4 1,1,2-Trichlorofiucrosthane (270,000 Wi},
Toluene (2,000 ugL 1B}
F5 Soil (4] 1,1,2-Trichiorofluaroethsne {0.27 mg/kg) -
F9 Groundw ater 1 1.1,2-Trichlorofiuoroethane {11,000 ught)
Soil 6 1,1,2-Trichlorofiuorosthane (0.44 mg/kgl
. F10 Groundw ater 3 1,1,2-Trichlorofluoroethans {2,600 ugi),
Sail 13 1,1,2-Trichlorofiuorosthane {28 mg/kg! Toluene 133ugLNB}
- Sei 23 1,1,2-Trichlorofiuorosthane {1.4 mo/kgl F12 | croundwater . 1,1,2-Trichlorofluoroethens (2,300 ugl),
Toluene (76 ugL}(B)
Soil 33 1,1,2-Trichlorofiuorosthens (5.8 mg/kg!
" F13 Groundwster 7 1,1,2-Trichlorofluorcethana {1,600 ugll),
Fé Soit -0 1,1,2-Trichiorofluoroethane {0.73 mg/kg) Toluens {70 ugt)iB)
Sail 4 1,1,2-Trichlorofiuorosthane {0.11 mg/kg) F14 Groundwater 7 1,1,2-Trichiorofiucroethane {6,600 ug/t),
g Toluene (2,000 uwA B}
F7 Soil ° 1,1.2-Trichlorofiuorosthane (1.8 mg/kg) B = Detected in blank.
Seil 6 1,1,2-Trichlorofiuoroethane 10.99 mg/kg)
Soit 13 1,1,2-Trichiorofiusroethans (110 mg/kg)
Sol 20 1,1.,2-Trichiorofiuorosthane (620 mg/kg}
30 Feet
Soit 33 1,1,2-Trichioroffuorosthane (27 mg/kg) Scale 15 0
Approximate Scale
Figure 3-17

F. BUILDING 9-57 (Task 11)

SUPPLEMENTAL GROUNDWATER RI

IOWA ARMY AMMUNITION PLANT
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CROSS SECTION 12A-12A’, LINE 2 (Task 12)

SUPPLEMENTAL GROUNDWATER RI
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Middletown, lowa
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CROSS SECTION 12C-12C’, LINE 2 (Task 12)
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694.30 Groundwater Elevations
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Figure 3-22
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GENERALIZED HYDROGEOLOGIC
CROSS SECTION 16A-16A’, LINE 3 (Task 16)
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GENERALIZED HYDROGEOLOGIC
CROSS SECTION 16B-16B’, LINE 3 (Task 16)
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Supplemental Basewide Rl Report (1997) 4.0 Physical Characteristics
lowa Army Ammunition Plant August 31, 2001/Revision 3

4.0 PHYSICAL CHARACTERISTICS OF THE STUDY AREA

This section outlines the overall geologic, hydrogeologic, and surface water characteristics of the
TAAAP based on results of specific tasks discussed in Section 3.0 and additional information
reported by JAYCOR (1996). Detailed geologic and groundwater information available in specific
site areas is referenced to those sources.

4.1 Geology

The JAAAP is located in the Dissected Till Plain section of the Central Lowland Province of the
Southern Iowa Drift Plain Region. The site is underlain by a sequence of unconsolidated deposits of
Pleistocene age, including surficial loess and thick glacial tills, underlain by sedimentary bedrock
units.

The loess deposits at the IAAAP are fine-grained, poorly sorted materials deposited by wind action
in the Wisconsin period. They overlie the glacial drift intermittently at thicknesses up to a reported
26 feet, averaging 6 to 8 feet.

The glacial tills at the IAAAP are part of the Kellersville Till Member (Illinoisan Age) of the
Glasford Formation of southeastern Jowa. The Kellersville Till is subdivided into a subglacial or
basal till and a superglacial facies. The basal till facies is composed of firm, dense, over-
consolidated till of rather uniform texture and is distinguished by its rich illite and dolomite content.
The superglacial facies is composed of a wide variety of sediments and is highly variable in texture
and density. The sediments in the superglacial facies include reworded till, sorted fluvial and
lacustrine sediments, and peat beds. The tills extend to depths in excess of 100 feet in portions of the
north half of the IAAAP, but are absent locally in deeper stream valleys in the south and generally
thinner in the northwest.

The bedrock underlying IAAAP consists of a sequence of limestones interbedded with varying
thicknesses of shales and sandstones, ranging in age from Cambrian to Mississippian. The
uppermost bedrock unit beneath the site is associated with the Mississippian Osage Series of
southeastern lowa, composed predominantly of cherty carbonate rocks (limestones) interstratified
with minor amounts of shale. The Osage series is divided into three members: the Warsaw
Formation, Keokuk Limestone, and Burlington Limestone. The Warsaw Formation consists
primarily of blue-gray calcareous shales, fragmental, fossiliferous, dolomitic limestone, and
calcarenites.

The depth to bedrock varies widely across the IAAAP. Depths in excess of 100 feet are reported
locally in the northern half of the Site, while the bedrock is exposed along the edges of the Skunk
River Valley in the southwest and near the Mathes Lake dam. In core borings completed for this
study, the bedrock is described as generally gray, hard to weathered, locally fossiliferous and vuggy
limestone varying between closely fractured and massive. Shale sequences are reported from
previous borings completed by others. The upper part of the bedrock, where cored, typically is more

@ mwH
MONTGOMERY WATSON HARZA

Page 4-1

ny



Supplemental Basewide RI Report (1997) 4.0 Physical Characteristics
lowa Army Ammunition Plant August 31, 2001/Revision 3

highly fractured than at greater depths and is somewhat weathered, providing a more permeable zone
relative to the overlying clay tills or the likely less fractured deeper bedrock zones. However,
transmissivity of the upper bedrock is suggested to be highly variable locally.

Available top of bedrock elevation data were used to develop elevation contours on the top of
bedrock surface across the plant, shown on Figure 4-1. These data were complemented by
information on bedrock surface exposures obtained during geologic reconnaissance mapping, also
shown on Figure 4-1. The exposure areas shown represent areas where bedrock is continuously
exposed, or is intermittently exposed suggesting that bedrock is very shallow in the general area.

Based on the available data, bedrock beneath the IAA AP occurs between approximate elevations 565
and 670. Bedrock is exposed along portions of the Skunk River valley bluff and within the lower
reaches of Long and Brush Creeks, as well as locally elsewhere. The bedrock surface can be
characterized as generally flat between approximate elevations 625 and 650, dissected by a buried
valley feature bisecting the plant from the west central area to the east and southeast. Thus, bedrock
is at or above elevation 650 beneath the southwest and south portions of the site and the northeast
corner, but is generally below elevation 600 within the buried valley. From northwest to southeast,
the valley trends beneath Line 9, most of Line 3, the south half of Line 2, and Yard D just east of and
parallel to the present surface trace of Brush Creek. Just off-site to the south, the bedrock surface is
expected to drop rapidly toward the Skunk River Valley. Figures 4-2 and 4-3 show the configuration
of the bedrock surface along two generalized profiles across the IAAAP.

4.2 Hydrogeology

421 Hydrogeologic Units

The IAAAP is underlain by four principal hydrogeologic units: the glacial drift and bedrock units of
Mississippian, Devonian, and Cambro-Ordovician age. Drilling and sampling completed during this,
and previous site investigations, are limited to the glacial drift and the upper portion of the
Mississippian bedrock.

The uppermost hydrogeologic unit consists of Pleistocene age unconsolidated deposits including
surficial loess overlying glacial till. Thin fluvial deposits underlie active stream beds, but are
generally less than 3 feet thick and of no significance hydrogeologically. The glacial deposits occupy
the upland till terrace and are predominantly clayey and silty glacial tills. They range up to more
than 100 feet thick locally, but are absent or very thin in portions of the southwest and south part of
the site.

Bedrock encountered at IAAAP consists predominantly of limestone and shaley limestone with shale
interbeds. Site data suggest that the drift and upper bedrock aquifer are in hydraulic communication,
thus comprising a single hydraulic system. The bedrock is exposed at the surface sporadically in the
southwest part of the plant, around Mathes Lake, and locally along the Skunk River valley bluff
south of the plant. As noted, it is found in depths of more than 50 to 100 feet elsewhere at IAAAP.
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4.2.2 Groundwater Occurrence

Field data generated by this and previous site investigations indicate that the glacial drift contains
little free groundwater and acts as an aquitard, slowing precipitation recharge of the underlying
bedrock. Groundwater occurrence in the drift is highly variable, both laterally and vertically. Field
observations during development and sampling of wells demonstrate that many wells can be pumped
dry or are drawn down significantly even under very small pumping rates. Based on observations
during drilling, most identifiable groundwater recharge to the wells and borings derives from silt and
sand seams within the clayey till. These seams, when present, range up to 1 or 2 feet thick, but
generally are much thinner. When encountered within the drift, they are sporadic in occurrence,
occur at variable depths, and appear discontinuous and not interconnected. Review of boring logs
suggests the sparse frequency of silt and sand, water-bearing seams within the predominantly clayey
drift is similar across the IAAAP. However, some variation is noted, with somewhat more frequent
occurrences of silty soils and/or sand seams locally. For example, this appears to be the case in the
upper drift in parts of Line 3 (see Section 3.16), east of Brush Creek in the downstream reaches (see
Section 3.13), and locally elsewhere, such as some of the sites in the general Explosive Disposal
Area at the headwaters of Spring Creek. Nonetheless, high clay content is typical of the vast
majority of the drift soils. Although some existing wells reportedly encountered sand just above the
bedrock surface, most did not and no extensive basal sand or gravel unit appears to be present at the
site.

Although, as noted, the quantity of free groundwater in the drift is very limited due to the clayey soils
and the paucity of significant water-bearing strata, hydraulically the drift is saturated below shallow
depths and appears to be hydraulic communication with the bedrock (e.g. there is a hydraulic head
continnum from the shallow water table to the upper bedrock). This is demonstrated by the
observation that all wells deeper than about 10 or 15 feet eventually recharge and are found to
contain water, even where no identifiable groundwater was encountered during drilling.

In the limestone bedrock, groundwater occurs primarily within open bedding planes and/or joints and
groundwater occurrence and flow is controlled by the presence, properties, and orientation of these
features. It is common in the upper midwest for much of the groundwater in these bedrock units to
be found in the more fractured and weathered upper sequence, just under the drift. Limited cores
obtained in this investigation indicate that fracturing and weathering is variable in the upper bedrock
units and, thus, groundwater yields from these units vary widely. This is supported by results of
several slug tests in wells which show hydraulic conductivity in the upper bedrock varying from low
at 1 x 10° cm/sec (0.0029 ft/day) to moderately high at 1.2 x 107 cm/sec (34.9 ft/day). Because
porosity in this type of bedrock depends almost entirely on open fractures and bedding planes,
groundwater occurrence and permeability can vary widely over very short distances both horizontally
and vertically and is unpredictable.

4.2.3 Groundwater Flow

Groundwater elevations measured in drift wells at the site are plotted on Figure 4-4. The
groundwater table in the drift generally occurs within 10 feet of the ground surface, and often less.
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Piezometric data from well pairs and clusters show that a significant downward vertical gradient
exists within the drift, and between the drift and the bedrock, throughout the IAAAP except in the
immediate vicinity of major streambeds. Thus: a) piezometric levels measured in wells increase in
depth with increasing depth of screen; b) true water table conditions can be measured only in wells
screened across the water table; and ¢) the horizontal component of gradient can be determined only
from wells screened at equivalent elevations. Most monitoring wells at IAAAP are screened at
shallow depths (less than 20 or 30 feet) and generally reflect the shallow drift - either true or almost
true water table conditions. These data show that shallow groundwater flow closely parallels the
ground surface. Thus, as a general rule, surface topography defines and illustrates shallow
groundwater flow as it does surface water runoff. Resulting flow patterns are locally complex, due
to variable topography, and are difficult to illustrate meaningfully with potentiometric contours,
which accordingly were not prepared for the base as a whole (potentiometric data for individual plant
facilities are provided in Sections 3.0 and 5.0). However, based on topography, supported by review
of groundwater elevations, flow within the base is from topographic highs, including most of the
Line and Yard areas, toward surface drainages, particularly the larger streams such as Spring, Brush,
and Long Creeks and the Skunk River. This supports results of mini-piezometer measurements,
discussed in Section 3.8, which demonstrate that the streams are gaining within the [AAAP property.

Piezometric data collected in Line 2, particularly wells 10A and 10B, are of further significance in
understanding the drift flow regime. These wells are screened over a 40 foot depth range, between
10 and 50 feet below ground surface. Almost all other wells, either shallow or deep, are provided
with only 10 foot screens. Normally, the effective depth of a screened interval can be approximated
by the midpoint depth of the screen; 30 feet for wells 10A and 10B and about 15 feet for other
shallow wells at Line 2. Because of the vertical gradients within the drift, deeper piezometric levels
would be expected in 10A and 10B compared to the shallower wells. However, the measured levels
are equivalent, reflecting conditions in the shallow drift zone, despite the longer and deeper screen.
This suggests the majority of the groundwater inflow to wells 10A and 10B, and of the piezometric
head measured by these wells, is derived from the shallow zone rather than the deeper. This further
suggests that most of the active groundwater flow in the drift occurs within the upper 20 to 25 feet.

The glacial drift is recharged directly by infiltration of precipitation. Because of its small
permeability, particularly vertically, as discussed later in this section, the rate of recharge is small
with most precipitation lost by evapotranspiration and surface runoff. Discharge from the drift is
primarily by lateral flow to site streams, clearly indicated by the shallow water table into which the
streams are incised, and by mini-piezometer testing in this investigation, which show the streams to
be gaining throughout their length. Some lateral groundwater flow in the deep portions of the drift
bypasses the streams, where they are not deeply incised. However, ultimately the groundwater will
discharge to surface water at larger rivers such as the Skunk River. The drift aquifer also discharges
downward to the bedrock aquifer. However, this component of recharge is expected to be very small
compared to lateral flow, probably by several orders of magnitude. This is due to higher
permeabilities in the horizontal plane caused by primary structure of the clayey deposits and because
sporadic silt and sand seams through which most flow occurs are oriented horizontally.
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Sitewide, available groundwater levels suggest that overall flow direction in the bedrock is to the
south and east, toward the Skunk and Mississippi Rivers. However, as illustrated by generalized
potentiometric contours on Figure 4-4, flow patterns are effected by surface topography when viewed
at the scale of the IAAAP. Therefore, although flow in the bedrock is generally south and east,
patterns in specific plant areas vary widely.

The bedrock aquifer is recharged primarily by subsurface inflow from upgradient (north and west)
and secondarily by downward infiltration from the drift. Because the bedrock is exposed in
downstream reaches of some of the streams, the bedrock aquifer is recharged directly by precipitation
in local areas. This is not expected to significantly effect groundwater flow or contaminant
migration, if any, in the bedrock at the site. The bedrock generally does not appear to discharge to
the surface or to surface waters on-site, except in the vicinity of the Mathes Lake dam spillway on
Long Creek. However, such discharge is expected in major regional drainages, including the Skunk
and Mississippi Rivers.

Available data on hydraulic properties of the drift soils indicate low permeabilities throughout the
plant and consequent small recharges to wells. Results of field tests obtained during the
supplemental RI and also reported by JAYCOR (1996) are summarized in Table 4-1.

Table 4-1 Summary of Field Permeability Tests
Well Location (Screen lgle.:;ai;h in feef) Es""c’:js‘ifyd’a"”c 00’:;:::”‘}’
12A Line 2 Drift (10.5-20.5) 5.36x 10+ 1.520
12B Line 2 Drift (10.5-20.5) 6.31 x 10# 1.788
12C Line2 Drift (40.2-50.2) 1.39x 105 0.0395
12D Line 2 Bedrock (110-120) 1.00x 106 0.00285
126G Line 2 Drift (10.3-20.3) 2.29x 10% 0.065
13B Brush Creek, Downstream Bedrock (33.6-43.6) 1.23x 102 34.68
13D Brush Creek, Downstream Drift (74.8-84.8) 1.42x 104 0.0040
168 Line 3 Drift (15.1-25.1) 6.46 x 107 0.00183
16C Line 3 Dnift (15.6-25.6) 242x 10 0.0685
16D * Line 3 Drift (15-25) 242x 102 68.57
16E Line 3 Dnift (45-55) 1.33x 100 0.0038
G3*" Northwest Boundary Dnift (20.5-30.5) 6.71 x 10% 0.19
G7* Inert Disposal Area Drift (32-42) 9.95 x 10% 0.28
G1o* Demolition Area Bedrock (14-24) 278x 10% 0.079
G12* Southwest Boundary Drift (3.5-19.5) 2.55x 10+ 072
G14* Line 1/Brush Creek Drift (26-36) 856 x 104 242
G17™ Line 800 Drift (9-19) 1.62 x 104 0.46
G18™ Line 800 Drift (9-19) 1.08x 104 0.30
G20™ Line 800 Dnift (9.5-19.5) 150 x 103 4.25
4.63x 104 1.31
G21* South Boundary Drift (7-17) 1.39x 103 3.92
G24* Southeast Perimeter Bedrock (6-16) 521 x 104 147
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Table 4-1 Summary of Field Permeability Tests
. Unit Estimated Hydraulic Conductivity
Well Location (Screen Depth in feet) prr iday
G29™ Explosive Disposal Area Drift (8-18) 6.60 x 10% 0.19
G41 ™ Line 800 Drift (9.8-19.8) 1.16x 10+ 0.33
G45™ Line 800 Drift (30-40) 6.94x 10+ 1.96
G46™ Line 800 Bedrock (58-68) 116 x 10+ 0.33

* Test data anomalous. ** Reported by JAYCOR, 1996.

Based on these data, permeability values in the screened intervals of drift wells ranged from 1.39 x
107 (3.92 ft/day) to 6.46 x 107 cm/sec (0.0018 ft/day). Since many wells are screened to span at
least limited sandy or silty zones, these values tend to overstate the permeability of the drift sequence
as awhole. Nonetheless, the values are generally consistent with silty/clayey type soils found at the
site. They also are demonstrated by slow recharge rates to monitoring wells observed during site
investigations, many of which could be bailed or pumped dry at slow discharge rates. Based on the
available data, there is no clear pattern of permeability distribution either laterally across the site or
with depth. However, most of the available test data are derived from the shallow drift zone, less
than about 25 feet deep. This shallow zone would be expected to be somewhat more weathered and
less consolidated than deeper drift sections and, therefore, to be more permeable. As illustration, of
the 7 test results exceeding 5 x 10™ cm/sec in the drift, 4 are from this shallow zone and the
remaining 2 only slightly deeper.

JAYCOR (1996) reported results of laboratory permeabilities for till samples ranging from 2.4 x 107
t0 9.6 x 10 cm/sec, two or more orders of magnitude lower than the field tests. Laboratory tests are
typically considered to represent vertical hydraulic conductivity whereas field tests in screened
monitoring wells represent principally horizontal permeability. The difference in these values in part
reflects basic differences in test procedures. However, horizontal permeability in clayey till soils
typically is significantly greater than vertical permeability because of natural alignment of platy soil
particles and the horizontal orientation of sand seams caused by depositional environment. In any
event, the very low permeabilities indicated by the laboratory tests confirms that downward
infiltration through the tills will be extremely slow.

Limited hydraulic conductivity data is available for bedrock wells at the site and indicate a wide
range of values from moderately high at 1.23 x 107 cm/sec (34.9 f/day) to low at 1.0 x 107 (0.0029
ft/day). This is due to the variable occurrence of open fractures and/or bedding planes and can be
expected to persist throughout the site. This will affect local groundwater flow to the extent that the
rate and direction of flow will be controlled by the presence, properties, orientation, and degree of
interconnection of open fractures and bedding planes. Fractures at the IAAAP typically are near-
vertical and appear generally to occur in two primary sets, roughly north-south and east-west.
Bedding planes are near-horizontal. In three dimensions, these features intersect and provide the
overall permeability and porosity of the rock mass, controlled by the number, properties and
frequency of their occurrence. In general, the uppermost bedrock units, either beneath the ground
surface or beneath the drift, would be expected to be more closely fractured and, thus, have the
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higher permeabilities. In these areas, intersecting fractures could be sufficiently close so that
groundwater flow would resemble flow in porous media, controlled by overall rock mass
permeability and the direction and magnitude of hydraulic gradient. In bedrock masses not
characterized by such closely spaced fracture systems, as might be expected at greater depths but also
in shallower zones, local groundwater flow can be constrained to a single fracture or group of
fractures. In these circumstances, which are expected to exist in parts of the IAAAP, groundwater
flow and any contaminant transport would depend on the properties of the individual fracture or
fracture group; flow direction would be influenced by the orientation of the fracture(s) rather than
solely by the direction of gradient, and flow rate would be controlled by the width and properties of
the individual feature rather than the properties of the rock mass as a whole. For these reasons,
although regional groundwater flow in the bedrock is predictable and toward the Mississippi River
valley and other major drainages, local flow in the bedrock can be highly variable.

4.3 Surface Water

The TAAAP is drained by five water courses shown previously on Figure 1-3 and other maps. Little
Flint Creek drains a small area in the north of the site. The rest of the base is drained by the Skunk
River, Long Creek, Brush Creek and Spring Creek. Long Creek is a tributary of the Skunk River,
which flows to the Mississippi River. Brush and Spring Creeks are tributaries of the Mississippi
River.

Stream flow within the IAAAP comprises three principal elements: surface runoff; groundwater
inflow; and discharges under NPDES. Runoff occurs only during rain events, while NPDES
discharges are monitored and can be evaluated. During a typical low flow event (taken as May 24,
1997, which included four preceding days with insignificant rainfall), flows in Brush Creek ranged
from 0.11 cfs at the upstream end adjacent to Line 1 to 2.65 cfs (including 0.8 cfs wastewater
discharge), at K Road on the downstream end. Measured flows in Spring Creek during this event
were 1.25 cfs at the upstream end east of Yard C (flow was not measured at the downstream end of
Spring Creek due to equipment failure). These flows, less the known wastewater discharges,
represent groundwater contributions to the creek.

During a significant wet weather event (May 25, 1997, which included 0.86 inches of precipitation in
110 minutes), peak flows in Brush Creek ranged from 3.1 cfs at the upstream end to 17.3 cfs
(including 1.6 cfs of wastewater discharge) at the downstream end. Peak flows in Spring Creek were
not measured during this event due to equipment failure, but computer simulations predicted a peak
flow of 11 cfs at the upstream end and 19 cfs at the downstream end.

Based on these evaluations, groundwater contributions to the streams, primarily Brush Creek, appear
to increase significantly from upstream to downstream across IAAAP. This may be due to hydraulic
heads adjacent to the creek increasing as the creek becomes more deeply incised and results in good
correlation between groundwater contributions to the creek during low flow conditions and
groundwater head.

@ MONTGOMERY WATSON HARZA

Page 4-7

(2l



FIGURES

J




4

O:fiowa/supp groundwater rifigd-1.cdr

Scale 0 2000 4000 6000 8000 Feet
__4000_ :
AR Z_A\ enciNEERING cOMPANY

WATER & ENVIRONMENT

. i FLIN
> Mﬁi‘f?

T

1

e = e

LEGEND:

----------- — PLANT PROPERTY BOUNDARY

14-A.

644

@

BEDROCK-PENETRATING
MONITORING WELL/PIEZOMETER

BEDROCK ELEVATION

GENERALIZED BEDROCK EXPOSURE AREA

GENERALIZED TOP OF ROCK
ELEVATION CONTOUR

w— w———— DRAINAGE BASIN BOUNDARY

NOTE:

This map incorporates data collected after 1997.

Figure 4-1

BASEWIDE TOP OF BEDROCK CONTOURS

SUPPLEMENTAL GROUNDWATER RI
IOWA ARMY AMMUNITION PLANT
Middletown, lowa




124

i
| FLYASH
EXPLOSIVE
| YARD YARD LANDFILL BRUSH  DISPOSAL
| WY | LNE 6 LINE 3 CREEK AREA

o APPROXIMATE GROUND y ! f ! f !

SURFACE SPRING
700 | N S A S CREEK
N LS \ AN | A’

a0 A -

E—

650 ’

ELEVATION IN FEET (MSL

G\5644r\fig- 171 cdr  9\5644rifiowa_2.dgn

1. Shallow drift potentiometric levels within 10 feet of ground surface.
2. See Figure 4-4 for section location.

I—IARZA Consulting Engineers and Scientists

= ja\
610 A \ ,__ﬂﬁ\bﬁﬂ/
600
590 }7\ /
o0 LIMESTONE N\ Vd
570 \\/I
LEGEND:
—— — —— e — — Piezometric Surface Bedrock Aquifer
? - _Géneralized Top of Bedrbck
| //<\// 4 i Horizontal Scale 0
. orizontal Scale
Vertical Scale 0
NOTES:

710-

580
570

Figure 4-2
GENERALIZED BASEWIDE HYDROGEOLOGIC CROSS SECTION A-A’

SUPPLEMENTAL GROUNDWATER RI

IOWA ARMY AMMUNITION PLANT
Middletown, lowa

4000 Feet




()

G\5644\fig-17L.cdr g\5644r\fiowa_2.dgn

I-—IARZA Consuiting Engineers and Scientists

A
LINE3A MATHES BRUSH SPRING
LAKE LINE 800 CREEK YARD "D* CREEK
200 APPROXIMATE GROUND
SURFACE —\ : 700
" M "
680 B o /v /\W[—\ . R/ 680
[ ~ /7 =
670 ~ P S f 670
Ll 7 T - J—~ |\ \\
660 7 N v N I 660
Z 650 ol A N \ | 3
: 1D ) | \ e
b 640 . /- \ 640 E
t A\ DRFT \ | [ |
z 630 “‘ I T ‘\ 630 z
3 \ N \
8 620 - ; - . 5 620 8
\
610 X - 610 §
600 _ \ \
N 600
LIMESTONE \ »
590 g 590
580 7 /A 580
570 \ 570
560 \ 56Q
LEGEND:
________ Generalized Piezometric Surface Bedrock Aquifer
I Generalized Top of Bedrock
e s e Horizontal Scale 0 4000 Feet
Vertical Scale 0 40 Feet
NOTES:
1. Shallow drift potentiometric levels within 10 feet of ground surface.
2. See Figure :4-4 for section location. Fiqure 4-3
ig -

GENERALIZED BASEWIDE HYDROGEOLOGIC CROSS SECTION B-B’

SUPPLEMENTAL GROUNDWATER RI

IOWA ARMY AMMUNITION PLANT
Middletown, lowa




(26

G:\5644ngrndwir.cdr

Scale 0 2000 4000 6000 ﬂOO Feet

l—IARZA Consulting Engineers and Scientists

b3

\

p

-~ SPRING

b e —

LEGEND:

----------- = PLANT PROPERTY BOUNDARY

. BEDROCK-PENETRATING
MONITORING WELL/PIEZOMETER

660.15 BEDROCK ELEVATION

(A] ROAD NAME

POTENTIOMETRIC CONTOUR
e w— BASIN BOUNDARY

NOTES:
1. See Figure 4-2 for A-A’ Cross Section
2. See Figure 4-3 for B-B’ Cross Section

Figure 4-4

BASEWIDE POTENTIOMETRIC CONTOUR MAP, UPPER BEDROCK
SUPPLEMENTAL GROUNDWATER RI

IOWA ARMY AMMUNITION PLANT
Middletown, lowa




Supplemental Basewide Rl Report (1997) 5.0 Nature and Extent
lowa Army Ammunition Plant August 31, 2001/Revision 3

5.0 NATURE AND EXTENT OF CONTAMINATION

5.1 General

This section discusses the nature and extent of groundwater contamination at IAAAP. Surface water,
sediment, and soil are discussed to the extent that analytical results were obtained in Task 7 (Surface
Water and Sediment Sampling, Site Drainages) and Task 11 (Soil and Groundwater Sampling for
VOCs) of this supplemental RI. The discussion of groundwater is based primarily on analytical data
obtained in this supplemental RI and presented in Section 3.0 and on monitoring data provided by
Mason & Hanger for the Second Cycle, FY 1997 sampling, the most recent available. Additional
data are taken from the Revised Draft Final Remedial Investigation/Risk Assessment Report
(JAYCOR 1996), primarily for wells not sampled in this investigation or by Mason & Hanger. A
summary tabulation of analytical data from these sources is provided in Appendix J. Laboratory
reports for samples analyzed in this supplemental RI are provided in Appendices K and L.

The discussion is organized by major watershed; Spring Creek, Brush Creek, Long Creek, and the
Skunk River. Within each watershed, the nature and extent of contamination are summarized with
respect to individual plant facilities and for the watershed as a whole. The location of plant facilities
and watershed boundaries are included on Figure 5-1. Other figures are referenced in the text as
needed to illustrate the nature and extent of contamination in the individual watersheds.

5.2 Preliminary Remedial Goals for Groundwater

Proposed Preliminary Remedial Goals (PRGs) were identified to help delineate the nature and extent
of contamination. PRGs are USEPA Maximum Contaminant Levels (MCLs) or lifetime Health
Advisory Levels (HALs), where available (USEPA, 1996¢). Where not available, USEPA (1996b)
Region IX PRGs for tap water generally were used. No lifetime HALs were available from USEPA
for the 2,4-dinitrotoluene or 2,6-dinitrotoluene. However, published USEPA HALs equivalent to the
10™* cancer risk and Region IX PRGs for non-carcinogenic health effects were both available. The
published HALSs equivalent to the 10 cancer risk were significantly lower than the Region IX PRGs
for these chemicals and, therefore, were selected as the more conservative. For some inorganic
nutrients, such as calcium and iron, Recommended Daily Allowance (RDA) values were also used.
Proposed PRGs are summarized in Table 5-1 and an annotated summary is provided in Appendix M.

Table 5-1. Proposed Preliminary Remedial Goals for Groundwater
Proposed Propose
Chemical PRG Source Chemical PRG Source
(uglt) (ugl)

Metals VOCs " 2 :
Aluminum 37,000 | PRG> | Acelone 610 | PRG
Antimony 3 HAL Benzene 5 MCL
Arsenic 50 MCL sec-Butylbenzene 61 PRG?
Barium 2,000 MCL Carbon disulfide 21 PRG*
Beryllium 4 MCL Carbon tetrachloride 5 McL
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Table 5-1. Proposed Preliminary Remedial Goals for Groundwater
Proposed Propose
Chemical PRG Source Chemical PRG Source
(uglL) (ugl)
Cadmium 5 MCL Chlorobenzene 100 MCL
Calcium 600,000 RDA Chioroform 100 MCL
Chromium (total) 100 MCL 1,2-Dichlorobenzene 600 MCL
Copper (at tap) 1,300 MmcL* 1,5-Dichlorobenzene 75 HAL
Iron 6,000 RDA 1,1-Dichloroethane (1,1-DCA) 790 PRG®
Lead (at tap) 15 McL* 1,1,2-Dichloroethane (1,2-DCA) 5 MCL
Magnesium 150,000 RDA 1,1-Dichloroethene (1,1-DCE) 7 MCL
Manganese 1,700 PRG® 1,2-Dichloroethane (1,2-DCA) 5 MCL
Mercury 2 HAL cis-1,2-Dichloroethene (cis-1,2-DCE) 70 MCL
Nickel 100 HAL | Ethylbenzene 700 MCL
Potassium 2,925,000 RDA Methylene chioride 5 MCL
Selenium 50 MCL | Methyl ethyl ketone 1,900 PRG®
Silver 100 HAL Methyl isobutyl ketone 160 PRG®
Thallium 05 HAL Tetrachloroethylene 5 MCL
Vanadium 260 PRG? Toluene 1,000 MCL
Zinc 2,000 HAL Trichloroethene (TCE) 5 MCL
SVOCs ' 1,1,1-Trichloroethane (1,1,1-TCA) 200 MCL
Fluorene 240 PRGt 1,1,2-Trichlorotrifluoroethane (Freon) 59,000 PRG®
2-Methyiphenol 1,800 PRG® 1,2,4-Trimethylbenzene 3 PRG*
Naphthalene 20 HAL 1,3,5-Trimethylbenzene 24 FRG?
Bis(2-ethylhexy/)phthalate 6 MCL Vinyl chloride 2 MCL
Diethylphthalate 5,000 HAL Xylenes (total) MCL
Phenol/Carbolic acid 4,000 HAL £
Explosives 15 ERLEY A Bl Loty
1,3,5-Trinitrobenzene (1,3,5-TNB) 1.8 PRG* | Nitrobenzene (NB) PRG®
1,3-Dinitrobenzene (1,3-DNB) 1 HAL Nitrotoluene (NT) PRG*
2,4-Dinitrotoluene (2,4-DNT) 5 (a 2-Nitrotoluene (2-NT) 370 PRG®
2,6-Dinitrotoluene (2,6-DNT) 5 (a) 3-Nitrotoluene (3-NT) 370 PRG®
2,4,6-Trinitrotoluene (2,4,6-TNT) 2 HAL | 4-Nitrotoluene (4-NT) 370 PRG®
4-Amino-2,6-dinitrotoluene NA NA Hexahydro-1,3,5-trinitro-1,3, 5-triazine RDX) 2 HAL
2-Amino-4,6-dinitrotoluene NA NA Tetryl NA NA
Octahydro-1,3,5,7-tetrazocine (HMX) 400 HAL NA = Not available. * = Treatment Technology.
(a) 10+ cancer risk. (b) USEPA Region IX PRG (1996)
5.3 Spring Creek Watershed
5.3.1 Groundwater

The Spring Creek watershed drains the east portion of the IAAAP, extending to the east boundary.
Industrial facilities associated with groundwater contamination in this drainage are the East Burn
Pads, North Burn Pad, West Burn Pad, Fire Training Pit, and Ammunition Box Chipper Disposal
Area. These are located in general proximity to each other in the north-central part of the watershed,
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near the headwaters of the creek. Various arms of Spring Creek are present just east of the East Burn
Pads, between the East Burn Pads and the North and West Burn Pads, between the burn pads and the
Fire Training Pit, and to the south of these facilities. The Ammunition Box Chipper Disposal Area is
located in a flat area approximately 2 mile further west. Principal contaminants associated with these
facilities are explosive chemicals, except the Fire Training Pit, where VOCs are the principal
contaminants. The location of the facilities and groundwater concentrations exceeding PRGs are
illustrated on Figure 5-1. Although contaminants in groundwater in these areas appear associated
with the individual sources and are not interconnected, together they represent a general area of
groundwater contamination because of their proximity to each other. The nature and extent of
contamination in the individual areas are described in the following paragraphs.

East Burn Pads. The East Burn Pads is the easternmost of the facilities listed above, located
between Spring Creek to the west and a tributary to the east. Chemicals exceeding PRGs are listed
in Table 5-2, below.

Table 5-2. Chemicals Exceeding PRGs, East Burn Pads
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source

EDA2 RDX 2 (HAL) 77 2
EDA4 RDX 2 (HAL) 19 2
G29 RDX 2 (HAL) 55 2
JAWE14 RDX 2 (HAL) 34 2
JAWS TCE 5 (MCL) 8 2

Methylene Chioride 5(MCL) 15 2
JAW4 Bis(2-ethylhexy/)phthalate 6 (MCL) 16 2
JAWS4 Bis(2-ethylhexyl)phthalate 6 (MCL) 80 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

RDX was reported below the PRG in all other wells at the site, except EDA1, ranging from 0.21
ug/L to 0.87 ug/L. Other explosives detected below screening levels were: HMX at 0.17 ug/L in
JAWG6 and 76 ug/L in EDA4 and 2,4,6-TNT at 1.0 ug/L in EDA3. Bis(2-ethylhexyl)phthalate was
detected in all other wells below the MCL. Methylene chloride and bis(2-ethylhexyl)phthalate are
common laboratory contaminants, but were not flagged as such in the data and, therefore, are
included.

The apparent lateral extent of contamination at this site is illustrated on Figure 5-2. EDA4 is located
at the northeast end of the facility, EDA2 and JAW614 at the southwest end, and G29 on the
southeast side. JAW 6 is located at the east end of the facility. Laterally, the extent of contamination
exceeding PRGs is delineated by EDA1 on the north, which was non-detect for explosives, and by
JAWS on the southwest and JAW64, JAW7, JAW35, and EDA3 on the south and east. Each of
these wells had been reported as non-detect for explosives by JAYCOR (1996) in 1993, delimiting
the extent of contamination toward Spring Creek at that time. However, 1997 data obtained by
Mason & Hanger indicate the presence of explosives below PRGs in these wells. At the small
concentrations found, this could result from differences in sampling or analytical procedures or could
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reflect continued migration of contaminants. However, concentrations of explosives below PRGs
extend beyond the available monitoring wells and may be reaching Spring Creek.

The wells at the EDA are relatively shallow, between about 19 and 37 feet deep. However, bedrock
also is relatively shallow in the general area and, therefore, EDA2 and JAW614, as well as JAW35,
are screened in bedrock. Therefore, explosives exceeding PRGs are present in both the shallow till

and in the upper bedrock, particularly at the southwestern end. No deeper wells are available in this
area.

North Burn Pads. The North Burn Pad is located just west of Spring Creek, northwest of
the EDA and north of the West Burn Pad. Chemicals exceeding PRGs are listed in Table 5-3, below.

Table 5-3. Chemicals Exceeding PRGs, North Burn Pads
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source
JAWB25 RDX ' 2(HAL) 56 2
JAWB27 RDX 2(HAL) 9.4 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

RDX also was detected below the PRGs in JAW 11, JAW12, JAW13, JAW14 and JAW626. Other
detections below the PRGs were: HMX at 0.2 ug/L in JAW14, 5.9 ug/L in JAW625 and JAW627,
and 14 ug/Lin JAW626; 1,3,5-TNB at 0.13 ug/L in JAW625 and 0.28 ug/L in JAW627; 2,4 6-TNT
ranging from 0.15 to 0.42 ug/L in all wells except JAW12, which was dry, and JAW 14, which was
non-detect; 2,6-DNT at 0.66 ug/L in JAW626 and 0.60 ug/L in JAW627; and 2-NT at 0.46 ug/L in
JAWG627. No VOCs or SVOCs exceeded PRGs at this site.

The apparent lateral extent of contamination in the north part of this site is illustrated on Figures 5-3
(northern area) and 5-4 (southern area). Wells JAW11, JAW13, and JAW14 are south of the area
shown on the map, but did not exceed PRGs. JAW625 and JAW627 are located in the north part of
the area and the lateral extent of contamination exceeding the HAL appears limited. The site
occupies a slight topographic rise west of Spring Creek and groundwater flow appears to be
northeastward toward a small drainage flowing into Spring Creek. Because subsequent groundwater
flow probably is to Spring Creek, contaminants may be reaching Spring Creek at small
concentrations. Contamination below screening levels extends southward toward the West Burn
Pad. Although no wells are available north of the site, the area is bounded by small drainages on the
north and south, which likely control shallow groundwater flow and contaminant migration. It is
noted that no explosives detections had been reported by JAYCOR (1996) in wells JAW11 or
JAW13, suggesting either differences in analytical procedures or continued migration.

Vertically, both of the wells in which RDX exceeded PRGs are screened in the upper drift unit,
which is comparatively thin in this area. JAW13, JAW14, and JAW626 are screened in the upper
bedrock to depths between 17 and 28 feet. Therefore, although small concentrations of explosive
chemicals are present in the upper bedrock, concentrations decrease with depth. No deeper wells are
available in this area.
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West Burn Pads. The West Burn Pads is located south of the North Burn Pad between the
Fire Training area to the west and the EDA to the east, on the opposite side of Spring Creek.
Chemicals exceeding PRGs are listed in Table 5-4, below.

Table 5-4. Chemicals Exceeding PRGs, West Burn Pads
Well Chemical Screening Criterion (ug/L) Concentration {ug/L) Source
JAW23 RDX 2 (HAL) 6,900 2
HMX 400 (HAL) 720 2
1,3,5-TNB 1.8 (EPA Region 9 PRG) 66 2
2,4,6-TNT 2 (HAL) 15 2
Lead 15 (Action Level at tap) 76 2
Cadmium 5 (MCL) 67 2
Banum 2,000 (MCL) 2,200 2
JAW24 RDX 2 (HAL) 43 2
Cadmium 5(MCL) 51 2
Lead 15 (MCL) 54 2
JAW25 RDX 2 (HAL) 81 2
1,3,5-TNB 1.8 (EPA Region 9 PRG) 2.1 2
Cadmium 5(MCL) 19 2
Lead 15 (MCL) 20 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

Other explosive chemicals detected below the PRGs included HMX, 1.3-DNB, 2,6-DNT, and 2 ,4-
DNT inJAW23 and JAW24, and 2,4,6-TNT in JAW25 and JAW24. RDX (0.22 ug/L) and 2 ,4,6-
TNT (0.81 ug/L) also were reported below PRGs in G30 and HMX (33 ug/L), RDX (0.35 ug/L) and
2,4,6-TNT (0.45 ug/L) in JAW68. No VOCs or SVOCs exceeded PRGs at this site.

The generalized lateral extent of contamination at the West Burn Pad is illustrated on Figure 5-5.
The wells in which PRGs were exceeded are in the east, northwest, and southwest parts of this site
with the highest concentrations in JAW23 near the northwest corner. The site rests on a topographic
rise west of Spring Creek bounded by small drainages on the north and south. Shallow groundwater
flow appears to be to these drainages toward the northeast and southeast. The area of contamination
exceeding PRGs is delineated to the north by lower concentrations in the nearby North Burn Pad
(JAW12)and in G30 and G68, to the south, and also because shallow groundwater flow probably is
controlled by the drainages. The small concentrations of RDX and 1,3,5-TNB in JAW24 may
represent migration from the area of JAW23, along the tributary drainage, rather than migration
directly east from the burn pad area. Since JAW24 is located immediately adjacent to Spring Creek,
contaminants may be reaching the creek at small concentrations. Data from G30 and JAW68
indicate that small explosive concentrations below PRGs also may be reaching a tributary to Spring
Creek to the south.

Available wells in the West Burn Pad are shallow (<20 feet). JAW23 and JAW24 are bedrock wells
and JAW2S is a drift well. Therefore, contaminants above PRGs are present in both bedrock and the
drifi, although both at shallow depths (between 10 and 19 feet). To the south, G30 is a shallow
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bedrock well and JAW68 is a shallow drift well. No deeper wells are available in this area.

Fire Training Area. The Fire Training Pit is located just southwest of the West Burn Pad
and several hundred feet west of an intermittent tributary to Spring Creek. VOCs are the primary
contaminant at this site with no explosives exceeding PRGs. Chemicals exceeding PRGs are listed
in Table 5-5, below.

Table 5-5. Chemicals Exceeding PRGs, Fire Training Area
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source
JAWSS 1,1-DCE 7(MCL) 790 2
Tetrachloroethene 5(MCL) 8.9 2
1,1,1-TCA 200 (MCL) 1,800 2
1,1,2-TCA 5(MCL) 10 2
JAWS9 1,1-DCE 7 (MCL) 140 2
Tetrachloroethene 5(MCL) 54 2
JAWE0 Benzene 5(MCL) 29 2
1,1-DCE 7 (MCL) 440 2
1,2-DCA 5(MCL) 29 2
1,1,1-DCA 200 (MCL) 230 2
TCE 5 (MCL) 110 2
JAWG61 1,1-DCE 7 (MCL) 21 2
Tetrachloroethene 5 (MCL) 36 2
TCE 5 (MCL) 16 2
JAWE9 Acefone 610 (EPA Region 9 PRG) 57,000 2
MEK 1,900 (EPA Region 9 PRG) 6,300 2
1,1-DCA 790 (EPA Region 9 PRG) 3,400 2
1,1-DCE 7 (MCL) 3,300 2
cis-1,2-DCE 70 (HAL) 19,000 2
Toluene 1,000 (MCL) 20,000 2
1,1,1-TCA 200 (MCL) 5,500 2
JAWS0 1,1-DCE 7 (MCL) 15 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

The approximate lateral extent of contamination at the Fire Training Area is illustrated on Figure 5-
6. The highest concentrations and greatest number of VOCs exceeding PRGs were reported in
JAWG69, in the immediate pit area, extending laterally to the east and south. Shallow groundwater
flow at this site also is indicated to be southeastward, toward a tributary of Spring Creek. The extent
of contamination in this direction cannot be fully delineated and may extend to the stream. The
lateral extent of contamination is delineated to the north and west by wells JAW62 and JAW63 in
which no PRGs were exceeded. JAW80, in which 1,1-DCE was the only VOC exceeding PRGs,
probably is near the south limit of contamination, although not fully delineating the plume.

Bedrock is relatively shallow at the Fire Training Pit and VOC contaminants are present in both drift
and upper bedrock units. JAWS58, JAWS59, JAW60, and JAWS8O0 are screened in bedrock to depths
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between 25 and 31 feet. JAW61, JAW62, JAW63, JAWG69, are screened in the drift to depths of 19
and 20 feet. No deeper wells are available at this site.

Ammunition Box Chipper Disposal Area. The Ammunition Box Chipper Disposal Area is
located in a generally flat area west of the Fire Training Pit and was investigated in the supplemental
RI by groundwater sampling in existing monitoring wells and using direct push and temporary well
methods (see Section 3.6). Chemicals were found to slightly exceed PRGs in two of the four
samples listed below in Table 5-6.

Table 5-6. Chemicals Exceeding PRGs, Ammunition Box Chipper Disposal Area
Well Chemical Screening Criterion {ug/L} Concentration (ug/L) Source
JAWE20 RDX 2 (HAL) 28 1
Bis(2-ethylhexyl)phthalate 6 (MCL) 76.7 1
HO6G 1,3-DNB 1(HAL) 40 1
JAWE621 Bis(2-ethylhexyl)phthalate 6 (MCL) 70.8 1
JAWE22 Bis(2-ethylhexyl)phthalate 6 (MCL) 264 1

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

Mason & Hanger data, representing a similar timeframe, indicate trace concentrations of RDX (0.15
to 0.42 ug/L) in each of the three existing wells, and of 2,4,6-TNT in JAW621 (0.35 ug/L) and
JAWG622 (0.23 ug/L). They report no explosives or bis(2-ethylhexyl)phthalate exceeding PRGs.
Based on this, these occurrences may be attributable to differences in field or laboratory procedures
or represent analytical variation at low concentrations near the detection limit.

Although no samples are available south of HO6G, these detections appear localized laterally, based
on the small concentrations and non-detects in sampling points immediately to the east, and to the
west, and southwest (Figure 5-7). Shallow groundwater flow is indicated to be due south as
discussed in Section 3.6. Vertically, all sample data are from the shallow drift unit (<20 feet deep)
and no deeper sampling points are available at this site.

East Boundary. No chemicals exceeding PRGs were detected in wells G25, G26, G27, and
G28, which are located along the east boundary of the IAAAP within the Spring Creek watershed.
Trace concentrations of a few explosive chemicals were detected in these wells, below PRGs,
including: HMX (0.17 ug/L) in G25; 1,3,5-TNB (0.12 ug/L), RDX (0.74 ug/L), and 1,3-DNB (0.21
ug/L) in G26; RDX (0.72 ug/L) in G27; and HMX (0.30 ug/L) in G28.

5.3.2 Surface Water and Sediment

Sampling locations 7A through 7D in Task 7 (Sediment and Surface Water Sampling, Site
Drainages) are located on Spring Creek. Locations and results are illustrated on Figure 5- 8. No
explosives were detected in surface water or sediment at location 7A, the furthest upstream, draining
the northeast corner of the IAAAP including parts of the East Burn Pads. RDX was detected in
surface water at 7B and 7C, reported at estimated concentrations of 0.72 and 0.51 ug/L, respectively.
Although this suggests a possible continuing source of contamination, no explosives were detected

@ mwH
MONTGOMERY WATSON HARZA

Page 5-7

133



Supplemental Basewide RI Report (1997) 5.0 Nature and Extent
Jowa Army Ammunition Plant August 31, 2001/Revision 3

in the sediment samples at these locations, suggesting that sediments have not been impacted and do
not represent a source of residual contamination. No explosives were detected in samples from 7D,
located about 2 mile outside the IAAAP boundary downstream. Based on these results, one or more
trace sources of contamination may be present impacting the intermediate reaches of Spring Creek,
within the JAAAP boundaries. However, concentrations are small and no off-site impacts were
identified. Additional details are provided in Section 3.7.

5.4 Brush Creek Watershed

5.41 Groundwater

The Brush Creek drainage contains the greatest number of facilities potentially or actually
contributing to groundwater contamination at IAAAP. Constituents exceeding PRGs in groundwater
are shown on Figure 5-1 from a basin-wide and plant wide perspective. Areas of contamination are
associated with individual facilities and are scattered within the watershed. Sampling results indicate
chemical constituents in groundwater exceeding PRGs in Line 1, Line 2, Line 3, Line 9, Line 800,
downstream reaches of the creek at and near the south IAAAP boundary, and in one well in the north
part of the area near Yard AL@. Principal contaminants are explosive chemicals with VOCs
exceeding PRGs in local areas. Small concentrations of a few explosives are present along the
downstream boundary of the IAAAP within the watershed. The nature and extent of contamination
in individual site areas are discussed in the following paragraphs.

Line 1. Line 1 is just east of Brush Creek in the north part of the IAAAP. Chemicals found
to exceed PRGs are listed in Table 5-7, below.

Table 5-7. Chemicals Exceeding PRGs, Line 1
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source
JAWS0 RDX 2 (HAL) 36 2
H11B4 1,1-DCE 7 (MCL) 8 1
TCE 5(MCL) 6 1

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

Explosives were detected in other wells to the south and south-southeast, but below PRGs. These
include JAWA43, JAWA45, JAW47, JAW48, and JAWS51. JAW 602, a deep (>85 feet) bedrock well
paired with JAWS50, was reported by JAYCOR to contain 2,6-DNT and nitrobenzene, below PRGs,
in May 1995. No explosives were reported in later sampling by Mason & Hanger and the earlier
detections may relate to well installation or development, rather than contamination. Data reported
by JAYCOR (1996) also identified RDX at 3.41 ug/L, slightly above the PRG in well SL-81,
southwest of Line 1 and west of Brush Creek. No further data are available near this well. The 1,1-
DCE found in H11B4, slightly exceeding the PRG, was from a shallow, direct push groundwater
sample at the Line 1 Tank Farm during Task 11 (Soil and Groundwater Sampling for VOCs).

The generalized lateral extent of apparent groundwater contamination at Line 1 is illustrated on
Figure 5-9 Explosives contamination exceeding groundwater PRGs is limited to the local area
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around well JAWS50. However, explosives concentrations less than PRGs are indicated to be present
in a relatively broad area south-southeast from JAW 50, probably discharging to Brush Creek near
JAWA43 and JAW45. Contaminant migration does not appear to have occurred directly west from
JAWS50 toward Brush Creek, based on non-detects in wells JAW38, 39, 50, and 51, or south of
JAW47, based on non-detects in JAW46 and other wells.

Vertically, explosives contamination appears limited to the upper portion of the drift sequence.
JAWS50 is a shallow (22 feet deep) well and SL81, west of Brush Creek, is 10.5 feet deep. Wells
containing explosives below HALs include shallow (<20 feet) drift wells JAW43, JAWA45, JAW47,
and JAWS1 and intermediate (44 feet deep) drift well JAW48. Bedrock is approximately 80 to 90
feet deep beneath Line 1. Assuming explosives are not detected in continued monitoring of
JAW602, no explosives were detected in the available bedrock wells. Other bedrock wells include
JAW601, paired with SL81 west of Brush Creek, and JAW603, paired with JAWS1. VOC
detections in the Line 1 Tank Farm were from a depth of only 4 feet and this appears limited
vertically as well as laterally.

Line 2. Line 2 is just east of Brush Creek and just south of Line 1 in the north-central part of
IAAAP. Chemicals found to exceed PRGs are listed in Table 5-8, below.

Table 5-8. Chemicals Exceeding PRGs, Line 2
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source
H10A RDX 2 (HAL) 1,200 1
2,4-DNT 5 (10 Cancer Risk) 7.8J 1
H108 RDX 2 (HAL) 250 1
Iron 6,000 (RDA) 16,800 1
H12A 1,3-DNB 1 (HAL) 1.3 1
H12B RDX 2 (HAL) 49 1
H12E Bis(2ethylhexyl)phthalate 6 (MCL) 6.8 1
JAWT0 RDX 2 (HAL) 1,200 1
1,3,5-TNB 1.8 (EPA Region 9 PRG) 9.3 2
JAWT1 RDX 2 (HAL) 93 1
1,3-DNB 1(HAL) 24 1
JAW72 RDX 2 (HAL) 1,600 1
1,3,5TNB 1.8 (EPA Region 9 PRG) 13 2
2-4,DNT 5 (10 Cancer Risk) 6.3 2
TCE 5 (MCL) 8.6 1
Bis(2ethylhexyl)phthalate 6 (MCL) 67 1
JAWT3 RDX 2 (HAL) 190 1
1,3,5-TNB 1.8 (EPA Region 9 PRG) 8.8 2
Bis(2ethylhexyl)phthalate 6 (MCL) 7.7 1
G15 RDX 2 (HAL) 970 3

Source: (1) = Harza 1997, (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

The RDX data reported for G15 by JAYCOR (1996) was from October 1992, southwest of Line 2
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near Brush Creek. No later data are available from this area. Other explosive detections, at trace
levels below HALSs, were identified in some of the wells listed above, and in H12C, H12E, and
JAW74. These contaminants variably included 1,3-DNB, RDX, and HMX, but also 2-amino-2,6-
DNT, 4-amino-2,6-DNT, and 4-nitrotoluene. HMX at 230 ug/L also was reported by JAYCOR
(1996) in G15.

The generalized lateral extent of explosive contamination is illustrated on Figure 5-10, based on
interpretation of available analytical data and on groundwater flow patterns. Two areas are identified
in which HALSs are exceeded, a northemn area extending west from wells H10A/B and a central area
extending southwest from JAW72/73 to G15. Two areas are shown, rather than a single larger area,
because an intervening well (H12F) was dry and potentiometric data show an intervening divide
extending roughly east west across the site. Groundwater flow in the northern area is westward and
in the southem area, is southward and then southwestward.

The northern area of contamination is indicated to be extend west to Brush Creek based on small
concentrations of 1,3-DNB (1.3 ug/L), above the HAL, and RDX (0.46 ug/L), below the HAL, in
H12A. Groundwater flow is directly from H10A/B to H12A and, therefore, contaminants may have
reached and are assumed to be discharging to Brush Creek. However, in the relatively short distance
between these wells RDX concentrations decrease from 1,200 ug/L to 0.46 ug/L and, if discharging
to the creek, concentrations are expected to be very small. Available data are insufficient to
delineate this area to the north. However, north is hydraulically upgradient limiting the likelihood of
migration, and also upgradient from most likely source areas.

The central area of contamination is shown as extending southwest from JAW72 and it is assumed
that the groundwater is discharging to Brush Creek in this area based on the result reported from
G15. There are no data points between H12B and G15 and it is possible this area is not continuous.
Explosive concentrations below the HALSs occur south of the central area but the full extent of these
occurrences cannot be fully delimited with available wells. Vertically, explosives contamination at
Line 2 is limited to the shallow (<25 feet) drift zone. This is indicated by the three well cluster at
H12B/C/D in which concentrations decrease between the shallow and intermediate wells and are
non-detect in the deep bedrock well.

Line 3. Line 3 is located just west of Brush Creek in the north-central part of the watershed,
opposite Line 2. Chemicals found to exceed PRGs are listed in Table 5-9, below.

Table 5-9. Chemicals Exceeding PRGs, Line 3
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source
H16A Nitrobenzene 3.5 (EPA Region 9 PRG) 4.0 1
Bis(2-ethylhexyl)phthalate 6 (MCL) 10.9 1
JAWS4 RDX 2 (HAL) 1,500 1
2,4-DNT 10 Cancer Risk 10 1
1,3,5-TNB 1.8 (EPA Region 9 PRG) 14 2
JAWS5 Bis(2-ethylhexyl)phthalate 6 (MCL) 6.5 1

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.
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Other explosives detected in H16A (or its duplicate H16I), below the PRGs, were NT (2.9 ug/L),
well below the PRG of 370 ug/L, RDX (estimated at 0.57 ug/L) below the HAL of 2 ug/L, and tetryl
(1.3 ug/L) for which no PRGs are available. In JAW54, other explosives detected below PRGs were
2-amino-4,6-DNT (87 ug/L), 4-amino-2,6-DNT (26 ug/L), and HMX (220 ug/L). Mason & Hanger
also reported detections below PRGs, including: HMX (190 ug/L), 1,3-DNB (0.16 ug/L), 2,4,6-TNT
(1.2 ug/L), 2,4-DNT (4.8 ug/L), and 2,6-DNT (0.35 ug/L) in JAWS54; RDX estimated at 1.5 ug/L and
HMX at 3.9 ug/Lin JAWSS5; and 2,4,6-TNT at 0.16 ug/L in JAW77. No explosives were detected in
other wells sampled at Line 3.

Based on the available analytical data, the lateral extent of explosives contamination exceeding
PRGs at Line 3 is limited to a small area near JAWS5S5 and H16A (Figure 5-11). Groundwater flow at
Line 3 is to the south-southeast, toward Brush Creek. However, the available data do not suggest
that contaminant migration has occurred in this direction, based on non-detect results in nearby
downgradient well JAWS3, and others. Contaminants from Line 3 do not appear to have reached
Brush Creek, several hundred yards east.

Vertically, significant explosives contamination is limited to the shallow (<25 feet) drift zone in
which JAWSS, JAWSS, and most other wells are screened. However, H16A is a deep (110 feet)
bedrock well. Based on the small concentrations of explosives detected in H16A, although slightly
exceeding the PRG for NB, these deep detections may be a result of the well drilling and installation
process and continued monitoring should determine whether explosives actually are present.

Line 800/Pink Water Lagoon. Line 800 and the former Pink Water Lagoon are located near
the west side of the Brush Creek watershed in the central part of the IAAAP. The west extremity of
the area extends into the Long Creek watershed. This has been the site of ongoing remedial
activities, in which the lagoon has been replaced by a wetland area. Because of the ongoing
activities, no sampling data for this area were obtained in this investigation or by Mason & Hanger.
Therefore, this discussion is based on earlier data reported by JAYCOR (1996). Chemicals reported
to exceed PRGs are listed in Table 5-10, below.

Table 5-10. Chemicals Exceeding PRGs, Line 800/Pink Water Lagoon
Chemical Screening Well (ug/L)

Criteria{ug/L) G17 G18 G19 G20 G4 | Gs6 | G57 | G5B
1,3,5TNB 1.8 (PRG) — 190 63 2,600 - — — —
1,3-DNB 1(HAL) — 110 110 72 — — — 1.05
24,6 TNT 2 (HAL) — 2,200 2,000 470 — — — —
2,4-DNT 5b — 95 140 96 — — — —
2,6DNT 5b — 75 96 — — - — —
RDX 2(HAL) 4.58 8,600 8,400 13,000 125 456 470 1,500
Nitrobenzene 3.4 (PRG)? - — — 170 — - — -
HMX 400 (HAL) - 1,100 980 1,700 — — - —

Source: JAYCOR, 1996. (a) USEPA Region IX PRG. (b) 10E-6 Cancer Risk.
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The highest concentrations of explosives and greatest number of chemicals exceeding PRGs are
reported 1n wells G18, G19, and G20, located along the southeast side of the former Pink Water
Lagoon, although significant concentrations of RDX and HMX also were detected in G58, north of
the lagoon. HMX concentrations, below the HAL, were reported in wells G57 (10.6 ug/L) and G41

(2.56 ug/L).

The lateral extent of contamination at Line 800 can be only partially delineated from the available
data and is illustrated on Figure 5-12. The area exceeding PRGs is relatively extensive, occupying
the area around the former Pink Water Lagoon and elongated in the northeast-southwest direction.
The southwesternmost well available, G41, is located at the edge of the Brush Creek water shed and
slightly exceeded the HAL for RDX. The lateral extent of contamination in this direction cannot be
fully delineated and may extend into the Long Creek watershed. To the northeast, the area of higher
explosives concentrations may be delimited by wells G17 and G56, where only HMX below the
HAL was detected. However, the small concentrations of HMX in these wells indicate the plume
has not been fully delineated in this direction. Also, the northeast portion of this site abuts the
headwaters of a small tributary to Brush Creek and the available wells may not fully span local
groundwater flow and contaminant migration pathways. To the east and southeast, the extent of
contamination is delineated by non-detect results from wells G42, G43, G45, G45, JAW78, and
JAW 79. However, due south of the former lagoon, a trace concentration of RDX was detected in
(47 at least suggesting that the plume has not been fully delimited in that direction. Northwest of
the former lagoon, the extent of contamination is generally limited by non-detect results reported
from well G48. However, available wells are sparse in that general area and the plume boundary
cannot be identified with precision.

Vertically, contamination at this site has been detected in the upper and intermediate drift zone in
which most wells are screened, generally to depths of 30 feet or less. Deeper bedrock wells are
available to the southwest (G40) and to the east (G45, G46), paired with shallower drift wells, and
did not contain explosives. However, none of these wells are located in the immediate area of the
former Pink Water Lagoon, where the most significant contamination was detected. Further, the
wells with the greatest contamination, G18, G19, and G20 are the shallowest wells at the site, about
20 feet deep. Therefore, the vertical extent of contamination cannot be fully determined from the
available data.

Line 9. Line 9 is located in the west-central part of the Brush Creek watershed and west of
Line 3. Groundwater sampling using direct push methods and temporary wells during Task 11 (Soil
and Groundwater Sampling for VOCs) detected the presence of Freon (1,1,2-
trichlorotrifluoroethane) in the area of Building 9-57 (Figure 5-13). No MCL or HAL is available for
Freon, but the PRG of 59,000 ug/L. was exceeded in three samples: Chemicals detected above
available PRGs are listed in Table 5-11, below.
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Table 5-11. Chemicals Exceeding PRGs, Line 9

Well Chemical Screening Criterion (ug/L) Concentration ug/L) Source
H11F1 Freon 59,000 (EPA Region 9 PRG) 229,000 1
H11F5 Freon 59,000 (EPA Region 9 PRG) 69,000 1
H11F7 Freon 59,000 (EPA Region 9 PRG) 220,000 1
JAWG611 Methylene Chioride 5(MCL) 85 2
JAW612 Methylene Chloride 5(MCL) 69 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

Trace concentrations of 2,4,6-TNT, ranging from 0.23 to 0.90 ug/L and below the HAL, were
reported by Mason & Hanger in wells JAW29, JAW30, and JAW31, and in JAW610,JAW611, and
JAWG612. 0.56 ug/LL HMX was also reported in JAW31.

Laterally, the extent of Freon contamination exceeding the PRG is centered around sampling points
F1, F5, and F7, particularly F1, just east of Building 9-57 and F7, west of the northwest corner of
Building 9-57. These indicate significant contamination on both sides of the building, while F5,
located south of F1, is only slightly over the PRG. Freon also was detected in other samples
collected in this task, indicating that the lateral extent of contamination is not fully delineated, but
only at much reduced concentrations and below the PRG. Vertically, groundwater samples collected
in this task were from the shallow drift zone, less than 10 feet deep. Deeper soil samples collected at
the site indicated the presence of Freon at greater depths and, therefore, deeper groundwater
contamination is expected.

Downstream Reach of Brush Creek/South Boundary. This section discusses results of
groundwater analysis obtained during Task 13 (Additional Groundwater Data, Downstream Reaches
of Brush Creek) and sampling results from wells G22, G23, and G24, at the south [AAAP boundary.
Well G22 actually is located within a small watershed area draining directly to the Skunk River, but
is included in the Brush Creek watershed for discussion.

In Task 13, four wells were installed across Brush Creek at “K” Road supplemented by existing well
pair G54/G55 (see Section 3.13). Results of analysis indicated the presence of RDX in well G55 at
2.2 ug/L slightly exceeding the HAL of 2 ug/L. Also, manganese at 3,700 ug/L exceeded the RDA
of 1,700 ug/L in G55 and iron, at 20,700 ug/L exceeded the RDA of 6,000 ug/L. Other detections
below PRGs in this area were 4-NT (estimated at 0.56 ug/L) in H13B, NB (at 1.6 ug/L) in H13D, 2-
NT (at 2.8 ug/L) in G55, and 1,3-DNB (estimated at 0.43 ug/L) in G55.

Explosives contamination exceeding PRGs is limited to the RDX in G55. The lateral extent of
contamination represented by concentrations below PRGs is delineated to the east by non-detects in
wells H13F and HI3E. To the east, however, the extent of contamination indicated by the trace
concentration of 5-NT in H13B cannot be delineated. Vertically, the extent of contamination in the
immediate vicinity of the creek is addressed by well pair G54/G55, and appears limited to the
shallow zone. G55 is a shallow (<16 feet) well immediately adjacent to the creek and may reflect the
local surface water regime affected by the creek. No contamination was found in its deeper paired
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well, G54. East of the creek, the trace contamination found in H13D represents the deeper of a well
pair with HI3E. No contamination was found in the shallow well, indicating that in this local area,
trace explosives are present at elevations roughly equivalent to the creek elevation (see Figure 3-25),
but not in the shallower zone, confirmed by non-detect results from H13F completed in the upper
drift further east. To the west of Brush Creek, H13B encountered shallow bedrock and trace
concentrations of 4-NT. The vertical extent of contamination in this area cannot be delineated.

Wells G22, G23, and G24 are located at the south boundary of the IAAAP. RDX was detected by
Mason & Hanger in G22 and G24, both west of Brush Creek, at levels slightly exceeding the HAL of
2ug/L, 2.3 and 3.4 ug/L, respectively. RDX, below the HAL also was detected in G23 (0.76 ug/L),
located between G22 and G25, and JAW76 (0.63 ug/L), paired with G24 while trace concentrations
of HMX were detected in G22 (0.26 ug/L) and G24 (1.8 ug/L), below the PRGs. G22 is screened in
the lower drift to a depth of 52 feet while G23 and G25 are shallow, less than 20 feet deep. G24 and
JAW76 are screened in shallower and deeper bedrock zones, respectively. It is noted that 1992
sampling reported by JAYCOR (1996) did not indicate the presence of any chemicals exceeding
PRGs in any of these wells. The detections reported by Mason & Hanger may reflect differences in
sampling or analytical procedures or may represent general, low-level groundwater contamination in
the downstream reaches of the Brush Creek watershed.

Yard “L”. Yard “L” is located at the north edge of the IAA AP property and the Brush Creek
watershed. Data reported by JAYCOR (1996) for well G49, just south of Yard “L”, south of Road
B, and northwest of Line 1, indicated the presence of RDX at 3.23 ug/L, slightly exceeding the HAL
of 2 ug/L, and HMX, at 12.4 ug/L, well below the HAL of 400 ug/L, in July 1992. G49 is screened
to a depth of 29.5 feet in the drift. No later data are available from this well and no other data are
available delineating the possible source of contamination or lateral or vertical extent.

5.4.2 Surface Water And Sediment

Sample locations 7E through 7M are located on Brush Creek or tributaries (Figure 5-8). Locations
7E and 7F, the furthest upstream, are between, and drain parts of Line 2 and Line 3, and are
downstream from Line 1. Concentrations of Total explosives, 32.3 and 10.2 ug/L, respectively, were
detected in the surface water samples. No explosives were detected in one of the sediment sampling
locations at 7E at either the 1 foot or 3 foot depths. However, total explosives between 310 and 470
ug/kg were detected from the 1 foot depth at the second 7E location and both locations at 7F. Based
on these results, surface water in Brush Creek is being moderately impacted by Lines 1, 2, and/or 3.
Residual explosives also are present in shallow sediments, at least sporadically, although deeper
sediments do not appear effected. Impacts on surface water may be due to current plant discharges
under NPDES permit. However, contributions may occur due to migration of contaminated
groundwater, particularly from Line 2, and/or remobilization of contaminants in sediment.

Location 7G is on a small tributary to Brush Creek, entering from the west just south of Line 3, and
drains Line 7, Line 9 and the south portion of Line 3. No explosives were detected in either surface
water or sediment at this location. This tributary drainage does not appear to contribute to
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contamination entering Brush Creek.

Location 7H is on a small tributary entering Brush Creek from the west and draining eastern parts of
Line 800. Explosives totaling 4.6 ug/L were detected in the surface water sample and 330 ug/kg in
one of two sediment sample locations. No explosives were detected at the other sediment location,
either at the 1 or 3 foot depth. This tributary is indicated to contribute to contamination entering
Brush Creek, probably from Line 800. However, contributions appear minor compared to other
results, and sediment impacts may be sporadic.

Locations 71 and 7J are on Brush Creek downstream from Line 2. Small concentrations of
explosives were detected in surface water at these locations, totaling 5.2 and 6.8 ug/L, respectively.
However, significant explosives concentrations were detected in shallow (1 foot) sediment samples.
Total explosives concentrations from two shallow sediment samples at 71 were 28,900 ug/kg and 460
ug/kg and at 7J were 1,890 and 4,490 ug/kg. Sediment samples from the 3 foot depth at both
locations were non-detect for explosives. Based on these results, significant residual contamination
is indicated to be present in sediments, at least locally, along this reach of Brush Creek. Impacts
appear limited to the shallow zone and may be variable laterally. Surface water impacts, although
present, appear minor compared to sediments and may reflect plant discharges, rather than
remobilization of contaminants from the sediment.

Locations 7K, 7L, and 7M are on Brush Creek spanning the downstream portion of the IAAAP. 7L
and 7M are outside the plant boundary and 7K is at the AK@ Road bridge. At each location, trace
explosive concentrations were detected in surface water, ranging from 2.67 ug/L at 7K and 7.9 ug/L
at the others. However, no explosives were detected in any of the sediment samples. Based on the
absence of contaminants in sediment, small concentrations of explosives in the surface water are
likely due to surface water flow from upstream rather than any local source and could be due either
to plant discharges or sediment contamination further upstream.

5.5 Long Creek Watershed

5.5.1 Groundwater

Long Creek is the largest watershed at [AA AP, draining broad areas from the northwest to the south-
central border. Industrial facilities within the Long Creek watershed include the Firing Site, Inert
Disposal Area, Line 5B, Line 4B, and the Flyash Landfill. Mathes Dam is located on Long Creek in
the middle reaches of the property, downstream from these facilities. The westernmost portion of
Line 800 also extends to the boundary of the Long Creek Watershed, downstream from the dam, but
available wells are in the Brush Creek watershed and are discussed primarily in Section 5.3.1. The
northern part of Line 3A extends into the Long Creek Watershed, but available wells and known
groundwater contamination are in the Skunk Creek watershed and are discussed in Section 5.5.1.

Based on monitoring well data used for this supplemental R1, the only PRG exceeded in groundwater
within the Long Creek watershed was methylene chloride at 7.3 ug/L reported by Mason & Hanger

@ mwH
MONTGOMERY WATSON HARZA

Page 5-15

14l



Supplemental Basewide RI Report (1997) 5.0 Nature and Extent
lowa Army Ammunition Plant August 31, 2001/Revision 3

in well JAW605, located in Line 4B. The MCL for methylene chloride is 5 ug/L, although this is a
common laboratory contaminant. RDX, at 0.16 ug/L, below the HAL of 2 ug/L was reported by
Mason & Hanger in well G21, located adjacent to the creek at the south IAAAP boundary. Thisis a
shallow (17 feet deep) well completed in the drift and may be effected more by surface water rather
than groundwater migration. Line 800 well G41, located at the west edge of the Brush Creek
watershed very near the boundary with the Long Creek watershed, slightly exceeded the HAL for
RDX (2 ug/L) at 2.56 ug/L. Although associated with Brush Creek, groundwater migration from the
west edge of Line 800 could extend toward Long Creek. Similarly, wells JAW17 and JAW21, in
Line 3A, are at or near the boundary between the Skunk River and Long Creek watersheds, and
exceeded the HAL for RDX at 10 and 19 ug/L, respectively. The estimated lateral extent of
contamination associated with these, and other wells in Line 3A, extends into the Long Creek
watershed. However, because of the steep topography and hydraulic gradients toward the Skunk
River in this area, it is unlikely that contaminant migration would significantly impact the Long
Creek Watershed.

5.5.2 Surface Water and Sediment

Sampling locations 7N and 70 are on the downstream reaches of Long Creek just upstream and
downstream of the IAAAP boundary, respectively (Figure 5-8). No explosives were detected in
either surface water or sediment samples from these locations. Additional details are provided in
Section 3.7.

5.6 Skunk River Watershed

5.6.1 Groundwater

The Skunk River watershed, as referenced herein, refers to the extreme southwest part of the IAAAP
adjacent to the river valley and incorporating a portion of the valley bluff. Industrial facilities within
this area include Line 3A and the Demolition Area.

Line 3A. Line 3A is located in the southwest corner of the plant southwest of the Inert
Disposal Area and northwest of the Demolition Area. It occupies an area above the Skunk River
valley bluff and at the headwaters of two intermittent, unnamed tributaries to the Skunk River.
Contaminants detected in groundwater at this site are explosive chemicals. Chemicals found to
exceed PRGs are listed in Table 5-12, below.

Table 5-12. Chemicals Exceeding PRGs, Line 3A
Well Chemical Screening Criterion (ug/L) Concentration (ug/L) Source
JAW15 RDX 2 (HAL) 36 2
JAWI17 RDX 2 (HAL) 10 2
JAW21 RDX 2 (HAL) 19 2
JAW22 RDX 2 (HAL) 48 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

Trace concentrations of HMX, from 0.23 to 7 ug/L, well below the HAL of 400 ug/L, also were
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detected in JAW15, JAW17,JAW20,JAW21, and JAW22, while RDX at 0.67 ug/L was detected in
JAW?20. 1993 sampling reported by JAYCOR detected no explosives in JAW21 and JAW22. Trace
concentrations of HMX, well below the HAL, had also been reported by JAYCOR (1996) in wells
JAW16 and JAW19 (1.64 and 3.09 ug/L, respectively) in October 1992. However, no explosives
were detected in these by Mason & Hanger in the second cycle 1997 sampling. No VOCs or SVOCs
exceeding PRGs are reported in Line 3A.

The generalized lateral extent of explosives contamination in Line 3A is shown on Figure 5-14,
based on interpretation of available data. Two areas exceeding the HAL for RDX are shown
centered at wells JAW15/JAW17 toward the west and JAW21/JAW22 toward the east. These areas
could be connected, but are interpreted as distinct based on non-detect results from JAW16 and
JAW19. No monitoring wells are available outside the existing wells (i.e. to the west, east, south, or
north). Therefore, the lateral extent of groundwater contamination cannot be fully delineated and
relatively steep terrain makes placement of additional wells difficult in some areas. Based on the
steep terrain just south of Line 3A, groundwater gradients are expected to be relatively steep to the
south, toward the Skunk River, limiting contaminant movement to the north or west. However, this
cannot be verified with the available data and it equally implies that migration to the south is likely
and contaminants are likely reaching the IAAAP boundary.

Of the wells in which RDX exceeded the PRG, JAW15,JAW17, and JAW22 are shallow (<20 feet)
drift wells and JAW21 is a deeper (58 feet) bedrock well. Shallow drift well JAW 17 is paired with
bedrock well JAW18, in which no explosives were detected and JAW 16, another bedrock well at the
site, also was non-detect for explosives. Based on this, the vertical extent of contamination appears
generally limited to the upper drift units. However, RDX exceeding the HAL in bedrock well
JAW?21, in the northeast part of the area, indicates that contaminants have reached bedrock at least
locally.

Demolition Area. The Demolition Area is located just above the Skunk River valley bluff
southeast of Line 3A. The area is drained by several unnamed, intermittent tributaries to the Skunk
River. Chemicals found to exceed PRGs are listed in Table 5-13, below.

Table 5-13. Chemicals Exceeding PRGs, Demolition Area
Well Chemical Screening Criterion {ug/L) Concentration (ug/L) Source
DA1 RDX 2 (HAL) 2.5 2
DA2 RDX 2 (HAL) 8.5 2
G10 RDX 2 (HAL) 6.2 2
JAWT RDX 2 (HAL) 6.6 2

Source: (1) = Harza 1997; (2) = Mason & Hanger, 2nd Cycle, 1997; (3) = JAYCOR, 1996.

Explosive concentrations below PRGs also were detected in wells G9 and JAW?2.

The generalized lateral extent of explosives contamination at the Demolition Area is shown on
Figure 5-15, based on interpretation of available data. Groundwater flow at this site appears to be to
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the south in the south part of the area and west-northwest in the north part of the area, discharging to
separate arms of a small Skunk River tributary creek. Wells in which RDX detections exceeded the
HAL are located on the west (G10, JAW1) and east (DA2) sides of the facility nearest these streams.
Therefore, the lateral extent of contamination cannot be fully delineated. Although the steep
topography downgradient from these wells makes placement of additional wells difficult,
contaminants are likely to have migrated toward the south and could reach the IAAAP boundary.

Bedrock is very shallow at the Demolition Area, generally less than 15 feet deep. Therefore, of the
available wells in the area, DA1, DA2, and JAW1 are bedrock wells, although all less than 25 feet
deep. The remaining wells are screened in the drift at even shallower depths. However, available
data indicate that explosive contaminants in this area are present in both the drift and the bedrock.
No deeper wells are available in the area.

5.6.2 Surface Water and Sediment

Locations 7P and 7Q are located on small unnamed tributaries to the Skunk River in the southwest
corner of the IAAAP (Figure 5-8). The 7P tributary drains parts of the Demolition Area and no
explosives were detected in either the surface water or the sediment sample from this location. The
7Q tributary drains parts of Line 3A. No explosives were detected in the sediment sample.
However, 9.4 ug/L total explosives were detected in the surface water. The source of the surface
water contamination is not known, but may be due to NPDES discharges from Line 3A, immediately
up slope, or migration of groundwater from Line 3A. Additional details are provided in Section 3.7.

5.7 Offsite Areas

The presence of explosive chemicals in off-site residential water supply wells downgradient from
TAAAP was reported by JAYCOR from the basewide RI. No off-site sampling of water wells was
conducted during the supplemental RI and the following information is abstracted from JAYCOR
(1996).

Groundwater samples were collected from six residential wells south/southeast of IAAAP on 21
September 1992. The wells were designated RBW-GW-25 through 30 by JAYCOR. RBW-GW-25
through 29 ranged in depth from 28 to 45 feet and RBW-GW-30 is 800 feet deep. RBW-GW-25
contained RDX at 15.5 ug/L and RBW-GW-26 contained RDX at 27.5 ug/L, both above the HAL.
The wells were resampled on 15 March 1993 and the presence of RDX at similar levels in these
wells was confirmed.

USAEQ, assisted by the Rock Island District Office and the Omaha District U. S. Army Corps of
Engineers, then conducted extensive off-post sampling and analysis of residential wells located in the
watersheds leaving the IAAAP. Of the 54 residences sampled, three were found to contain RDX
above the HAL of 2.0 ug/L.. Two of these residences are located at the extreme southwest boundary
of the IAAAP, near the town of Augusta, on a tributary of the Skunk River. One contained RDX at
2.08 pg/Land the other contained RDX at 3.31 ug/L. The third residence is located along the Brush
Creek watershed adjacent to the first two homeowners whose wells tested positive for RDX. This
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