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LIST OF ABBREVIATIONS AND ACRONYMS
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1.0 EXECUTIVE SUMMARY

Civil & Environmental Consultants, Inc. (CEC) was hired by the Choctaw Nation of Oklahoma
(CNO) to conduct a Supplemental Phase II Site Investigation at the Lake Talawanda Shooting
Range Brownfield Site (hereafter, “Site”) located on Waterworks Road northwest of McAlester,
Oklahoma. The property consists of approximately 185 acres of undeveloped land and a shooting
range, formerly leased to the Eufaula Rod and Gun Club since approximately 1987, which is
located on the western portion of the property. The firing lines are on a hillside, overlooking grass
land that drains into downgradient ponds and wetlands. Previous work performed at the Site
indicated the presence of elevated lead concentrations in surface soil within and downgradient of
the former shooting range and in sediments, surface water, and fish tissue downgradient of the
former shooting range. The purpose of this Supplemental Phase II Site Investigation is to delineate
the extent of lead contamination in soil and sediment within and downgradient of the former
shooting range. This data delineating the extent of lead contamination will allow more accurate

evaluations of cleanup alternatives for the Site.

The supplemental site investigation was performed by CEC in November 2025. Field screening
and confirmatory laboratory analyses show approximately 14 acres on the Site have soil and
sediment that exceed the USEPA Regional Screening Level for lead of 200 mg/kg, equating to
approximately 16,250 cubic yards of material. This investigation showed the site-wide average
lead concentration is 339.5 mg/kg, with the site-wide average lead concentration of 275.6 mg/kg
in soil and 1,431.7 mg/kg in sediment. This site investigation found that most of the contamination
occurs in the top twelve (12) inches of soil and top six (6) inches of sediment.

The results of this supplemental site investigation were used to update the unit quantities and
subsequent cost estimates for remedial action alternatives that were discussed in the Analysis of
Brownfields Cleanup Alternatives (ABCA) prepared by CEC (2024). Remedial action alternatives
evaluated include no action, site access restriction with fencing, phytoremediation, excavating
contaminated soil and disposal on-site and excavating contaminated soil and disposal off site.
Alternative #1: No Action, and Alternative #2: Site Access Restriction (Fencing) are not
recommended because these alternatives do not address site risks and will not control or prevent
potential erosion and relocation of lead from the contaminated area to the downstream Talawanda
Lakes. Alternative #3: Phytoremediation is not recommended because of the long implementation
time to address site risks and the potential for incidental human exposure due to lead accumulation
in the plant species. Alternative #4: Excavation with Onsite Disposal and Alternative #5:
Excavation with Offsite Disposal would be effective to remediate the lead contamination.
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2.0 INTRODUCTION

Civil & Environmental Consultants, Inc. (CEC) was hired by the Choctaw Nation of Oklahoma
(CNO) to conduct a Supplemental Phase II Site Investigation at the Lake Talawanda Shooting
Range Brownfield Site (hereafter, “Site”) located on Waterworks Road northwest of McAlester,
Oklahoma. The firing line for the skeet/trap shooting faces north within the shooting range staging
area shown on Figure 1. The firing lines are on a hillside, overlooking grass land that drains into
downgradient ponds and wetlands (which will be referred to as ponds for the remainder of this
report). The ponds are within the likely radius of the fall zone of shotgun shot, and Figure 2 shows
the drainage flow path through the Site. The purpose of the supplemental site investigation was to
identify areas of potential environmental contamination and to accumulate enough data to perform
a site-specific risk evaluation of the property. All assessment activities were performed in
compliance with the Quality Assurance Project Plan (QAPP) submitted to the CNO Brownfields
Program and approved on September 30, 2025.

3.0 SITE DESCRIPTION AND OPERATIONAL HISTORY
The Site consists of approximately 185 acres of undeveloped land located on Waterworks Road,
approximately one (1) mile north of McAlester, Oklahoma in Pittsburg County. The property is
owned by the CNO and the shooting range has been leased to the Eufaula Rod and Gun Club since
approximately 1987. The shooting range consisted of pistol, rifle, and shotgun ranges, with the
shotgun range (which will be referred to as the shooting range for the remainder of the report)
being the focus of this site investigation due to the lead contamination identified at the Site by
previous reports. The ponds that are located within the fall zone of shotgun range and downgradient
of the fall zone (Figure 2) were identified as former fish hatcheries on the United States Geological
Survey 1967 topographic map, but the review of available aerial imagery suggests the ponds have
not been used as fish hatcheries for multiple decades. The likely radius of the fall zone of shotgun
shot is based on a 350-yard radius facing the direction of the shooting platforms for skeet shooting
(National Skeet Shooting Association, 2002). Based on a cease-and-desist letter dated January 24,
2023, the shooting range ceased operations in January 2023, when the CNO revoked the lease from
the Eufaula Rod and Gun Club due to the presence of lead at the Site and the CNOs efforts to

remediate the lead contamination.
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Previous work performed at this Site has included the following (the following reports are
available upon request):
* An initial screening report prepared by CNO, dated March 2022;
* A Targeted Brownfields Assessment prepared by Environmental Science Services, Inc.
(Es?) and Leaaf Environmental, LLC (Leaaf), dated February 2024;
* A Brownfields Phase I ESA Analysis Report, prepared by the CNO, dated February 2024;
and
* An Analysis of Brownfields Cleanup Alternatives (ABCA), prepared by CEC, dated
December 2024.
The previous work described in the above referenced reports indicated the presence of elevated
lead concentrations in surface soil within and downgradient of the former shooting range and in
sediments, surface water, and fish tissue downgradient of the former shooting range. The ABCA
stated there was insufficient data to estimate the extent of lead contamination. Therefore, it was
not possible to accurately estimate the quantities or lateral extent of contaminated material. The
ABCA recommended additional soil and sediment sampling to better estimate the extent of lead
contamination (CEC, 2024). Therefore, the purpose of this supplemental site investigation is to
delineate the extent of lead contamination in soil and sediment within and downgradient of the
former shooting range. The goal of this supplemental site investigation will be to use this
supplemental data delineating the extent of lead contamination to more accurately evaluate the
cleanup alternatives proposed in the ABCA (CEC, 2024). CEC recognizes the importance of
delineating the extent of lead contamination as this will have a substantial influence on the cleanup

options.

4.0 ENVIRONMENTAL SETTING
4.1 GENERAL
The Site consists of approximately 185 acres of undeveloped land within the Lake Talawanda
watershed, a subwatershed of the Lower Coal Creek watershed. This Site is currently not open to
the public and access is limited by locked gates and barbed-wire fence surrounding the property.
The Site is located within the Lower Canadian Hills ecoregion characterized by a mosaic of hills

and valleys in the structural Arkoma Basin. The mean annual precipitation, evaporation and
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temperature is 48.5 inches, 60 inches and 61°F, respectively (Oklahoma Climatological Survey,
2023). More information can be found in the Lake Talawanda Watershed Management Plan (CEC,
2025).

42  TOPOGRAPHY
As shown on Figure 2, the elevation of the Site is approximately 680 feet above mean sea level
(AMSL). The firing lines of the shooting range are on a hillside, overlooking grass land that drains

into downgradient ponds and wetlands that drain eastward toward Lake Talawanda No. 1.

43 GEOLOGY

The Site is underlain by the Boggy Formation consisting of shale and sandstone with little to no
limestone to provide alkalinity and buffering capacity. Previous soil borings installed by Oklahoma
Environmental Services found that all borings met refusal at bedrock before a depth of 30 feet
below ground surface. No groundwater was encountered in the soil borings performed during the
investigation (Es? and Leaaf, 2024). Given the surficial nature of contamination, previously

collected data, and the local geology, no groundwater contamination is expected at this Site.

44  HYDROLOGY

The Site consists of three wetland ponds that receive surface runoff from approximately 135 acres.
The ponds are manmade structures, where embankments were constructed to dam water to be used
as a fish hatchery. However, review of available aerial imagery suggests the ponds have not been
used as fish hatcheries for multiple decades. These ponds flow east into Talawanda Lake No. 1.
The ponds are within the likely radius of the fall zone of shotgun shot and previous reports have
shown that total lead concentrations in the ponds exceeded Oklahoma Water Resources Board
(OWRB) beneficial use criteria (Es® and Leaaf, 2024). Similarly, the tissue of game fish collected

in ponds on the Site and downstream had detectable concentrations of lead (Es? and Leaaf, 2024).

5.0 PATHWAY/POTENTIAL RECEPTOR ASSESSMENT
The property and the majority of the surrounding properties within the Talawanda Lakes
Watershed are owned by the CNO. The Site is currently not open to the public, but the CNO has

indicated that future land uses could include opening the land to the public for hiking and other
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outdoor recreational activities such as fishing and hunting or leasing the land for cattle grazing or
agriculture. Due to the nature of the contamination, the primary concern is the protection of public
health. The ABCA prepared by CEC in 2024 found that exposure to lead in surface soil and
sediment as well as exposure to lead in surface water and fish tissue were the primary potential

exposure pathways for future recreational users at the Site (CEC, 2024).

CNO has indicated that future land use could include harvesting culturally significant flora species
such as wild indigo, rattlesnake master, and persimmons for human use. Some of these culturally
significant flora species, such as persimmons are for consumption, while others, such as wild
indigo are used for dyes or textiles. The potential for lead in soil to accumulate into wild indigo,
persimmons, and other flora through uptake from the plant’s root system is not known. It is
anticipated that remediation of lead concentrations in soil at the Site to below the United States
Environmental Protection Agency (USEPA’s) current risk reduction goal of 200 mg/kg [risk
reduction goal for both adult and child residential receptors (USEPA, 2024)] would greatly
decrease the potential for significant lead uptake to plants. However, future sampling and
laboratory analysis of plant tissue post-remediation (soil reclaimed/remediated) to reduce lead
concentrations to less than 200 mg/kg) would have to be conducted to accurately evaluate potential
risk. It is also noted that the lead impacts identified at the Site have been concentrated mostly
within the top twelve- (12-) inches of soil. It is likely that most plants, including wild indigo and
persimmons, will have established root systems that are deeper than the top 12-inches, meaning

that the plants are drawing water and nutrients primarily from unimpacted subsurface soil.
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6.0 SAMPLING ACTIVITIES

6.1 FIELD SAMPLING AND ANALYSES

Sampling activities were performed by CEC personnel in November 2025 and followed the
approved QAPP. Sampling occurred within a 350-yard radius from the firing line of the shooting
range that represents the down-range direction that shot would fall. The area was divided into 150
ft by 150 ft rectangular grids (approximately 0.5 acres). Within each grid occurring on dry land,
five (5) aliquot sampling locations were recorded using a handheld GPS as shown in Figure 3.
Soil samples were collected in six- (6-) inch intervals from each location within a grid, composited
and then analyzed for lead ([Pb]) concentrations using an x-ray fluorescence (XRF) field analyzer.
The remainder of the composite sample volume was stored in a labeled soil sample bag and put
into a cooler for potential laboratory analysis. If the composite sample from 0-6 inches or 6-12
inches exceeded 175 mg/kg Pb when analyzed in the field with the XRF, another 6-inch interval
(12-18 inch) sample was collected from each of the five (5) locations, mixed and homogenized
and analyzed with an XRF field analyzer. If the 12-18 inch samples exceeded the 175 mg/kg Pb
threshold, an additional 18-24 inch sample was collected and analyzed. The 175 mg/kg value was
selected based upon the 200 mg/kg USEPA residential Regional Screening Level (RSL) for lead
with an allowable error margin to account for potential inaccuracies of the field screening

compared to laboratory analysis.

Sampling grids consisting of more than 50% open water were sampled at five (5) random sampling
locations within the open water portion of the grid. A small boat was used to collect sediment
samples from open water areas using a stainless-steel bottom grab dredge sampler from an
estimated depth of zero (0) to six (6) inches. Sediment samples that were accessible on foot, but
still in saturated conditions (e.g., shallow standing water or saturated hydric soils) were collected
using stainless steel hand tools from a depth of zero (0) to six (6) inches and placed into a labeled
soil sampling bag. Since the XRF loses accuracy when analyzing saturated soils, the samples were
allowed to air dry in accordance with the QAPP over a period of few days before being analyzed
using the XRF. Sediment cores were collected from each of the three ponds. The sediment was

air-dried and then analyzed with the XRF.
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6.2 LABORATORY ANALYSES

A subset of the collected soil and sediment samples were sent to Accurate Environmental
Laboratory for analysis. Soil lead ([Pb]) analysis was conducted to determine the extent of lead
contamination. Similarly, selected samples were sent for Toxicity Characteristic Leaching
Procedure (TCLP) analyses to determine if the soils exceed the Resource Conservation and
Recovery Act (RCRA) lead RCRA characteristic hazardous waste threshold [5 milligrams per liter
(mg/L)]. Soils that exceed the RCRA lead characteristic hazardous waste threshold may require
the addition of soil amendments to decrease lead leachability or be disposed of in a hazardous
waste landfill. The TCLP samples were selected based on lead concentrations, soil composition,
and location. Table 1 shows the analytes, number of samples and analytical methods used for the

samples collected.

Table 1: Number of samples sent for laboratory analysis and the analytical tests performed.

Number of
Matrix Analyte Samples Extraction Method  Analysis Method
Lead 112 USEPA SW-846 USEPA SW-846
Soil/Sediment Method 3050 Method 6010B
TCLP 6 USEPA SW-846 USEPA SW-846
Method 1311 Method 6010B

7.0 ANALYTICAL FINDINGS
Lead results from the in-field screening with an XRF and from samples submitted for laboratory
analysis are shown in Tables A1, A2 and A3 in Appendix A. The laboratory reports are found in
Appendix B. The results of the soil analyses were evaluated with respect to the USEPA residential
RSL for lead of 200 mg/kg. The supplemental site investigation found that most of the

contamination occurs in the top 12 inches of soil and top six (6) inches of sediment (Figure 4).

TCLP analyses were conducted on five soil samples and one sediment sample (Table 2). Three
samples exceeded the RCRA TCLP limit of 5.0 mg/L. The three samples that exceeded the TCLP

limit also had the greatest soil lead concentrations.
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Table 2: TCLP results and corresponding field screening XRF and total lead concentrations.

Description  Depth XRF Pb Laboratory Pb  TCLP Pb
[mg/kg] [mg/kg] [mg/L]

Soil

TWSR-G22 o"-o6" 367 284 1.15
TWSR-G24 0" -6" 245 263 3.39
TWSR-G34  6"- 12" 751 624 1.98
TWSR-G51 o"-o6" 2,503 1,840 124
TWSR-G59 0" -6" 1,517 920 5.95
Sediment

TWSR-G43 0" -o6" 1,263 2,710 9.8

Based on a correlation from the data shown in Table 2, soil or sediment with lead concentrations
greater than 900 mg/kg will likely exceed the TCLP threshold of 5.0 mg/L. Therefore, areas where
soils and sediments exceed 900 mg/kg will either need to be amended to decrease lead leachability
and/or mixed with lower concentration material to decrease the total soil concentrations prior to

disposal.

8.0 RISK EVALUATION
Human health risk evaluation of lead is unique because a reference dose (RfD) value for lead is
not available. An RfD is typically derived from a concentration below which no adverse health
effects have been observed for a given chemical; however, for lead, existing evidence indicates
that adverse health effects occur even at very low exposures (e.g., subtle neurological effects in
children have been observed at low doses). Therefore, since the toxicokinetics (the absorption,
distribution, metabolism, and excretion of toxins in the body) of lead are well understood, lead is
regulated based on blood lead concentration. The Centers for Disease Control and Prevention
(CDC) publishes a Blood Lead Reference Value (BLRV) representing the actual blood lead
concentrations of 97.5% of the population. The CDC updated the BLRV to 5 ug/L in 2012 and
again to 3.5 ug/L in 2021. USEPA'’s risk reduction goal for contaminated sites is to limit the
probability of a child’s blood lead concentration exceeding 3.5 png/dL to 5 percent or less of the
population after cleanup. The USEPA calculated concentration for lead meeting this risk reduction
goal is currently 200 mg/kg for both adult and child residential receptors (USEPA, 2024).
Accordingly, a cleanup goal of 200 mg/kg has been established for the Site. This goal is consistent

with the risk evaluation performed as part of the ABCA which was prepared in accordance with
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USEPA methodologies, applicable federal guidance, such as the USEPA Risk Assessment
Guidance for Superfund (RAGS) Part A (USEPA, 1989), Part E (USEPA, 2004), and Part F
(USEPA, 2009), and other resources (CEC, 2024). It is noted that this cleanup goal is conservative,
in that it is protective of residential receptors, which would have a higher exposure than
recreational receptors. Meeting a cleanup goal of 200 mg/kg would allow for future unrestricted

use of the Site.

When evaluating lead against the benchmark of 200 mg/kg, it is appropriate to use the Site-wide
average lead concentration. Accordingly, this risk evaluation includes calculating the Site-wide
average lead concentration using the supplemental site investigation data collected in November
2025. For this evaluation, only analytical results from samples submitted for laboratory analysis
were used. Parent and duplicate samples were not evaluated as discrete samples; the sample with
the greater concentration of lead was conservatively used as the representative sample for each
grid. Similarly, each grid was represented by the sample with the greatest concentration,
irrespective of depth. The greatest concentration in each grid was in the 0” to 6” sample for 45 of
the 49 grids with laboratory data. The remaining four (4) grids had the greatest concentration in
the 6” to 12” sample. Non-detected results were conservatively evaluated as a detected result at

the detection limit.

Use of bootstrapping has been a technique widely applied by the U.S. EPA to represent confidence
intervals (Arcadis. 2013). Bootstrap procedures are robust nonparametric statistical methods that
can be used to construct approximate confidence limits for a population mean. While performing
bootstrap procedures, repeated samples from a data set are drawn with replacement from a given
set of observations. The process is repeated a large number of times (e.g., thousands), and each
time an estimate of the desired unknown parameter (e.g., the sample mean) is computed (U.S.
EPA. 2002). Non-parametric bootstrapping simulations (5,000 simulations) were performed using
Microsoft Excel and IBM SPSS software to assess the 95% confidence level for the site-wide
average lead concentration. The Site-wide average lead concentration (including both soil and
sediment analytical results) is 547 mg/kg with the 95% upper confidence level of the calculated
average of 750 mg/kg.
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These results exceed USEPA’s risk reduction goal of 200 mg/kg for both adult and child residential
receptors, indicating the potential for unacceptable risk to recreational receptors. Accordingly, in
accordance with U.S. EPA guidance, an iterative truncation method was used to assess the average
lead concentration (USEPA, 2024B) in order to determine which sample grids would have to be
remediated in order for the Site-wide average lead concentration to be below the benchmark of
200 mg/kg. The iterative truncation method consists of ordering the sampler data from lowest to
highest concentrations and replacing the highest concentration with a post-remediation
concentration until the site average and the 95% upper confidence level is less than or equal to the

benchmark of 200 mg/kg. These results are summarized below in Table 3.

In each table, the highest lead concentrations were systematically replaced with the Site-wide
average lead concentration below the benchmark of 200 mg/kg until the average lead concentration
was less than the benchmark of 200 mg/kg. The Site-wide average lead concentration was
calculated to be 99 mg/kg and assumed to be representative of the background concentration at the
Site. The table lists the Sample IDs representing respective grids that will need to be remediated
to reach this benchmark. As shown below in Table 3, when considering the Site as a whole, fifteen
(15) sampling grids will require remediation to bring the site-wide average lead concentration to
153 mg/kg with the 95% upper confidence level of the calculated average of 190 mg/kg. The

statistical analysis output can be found in Appendix C.
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Table 3: Calculated Site-wide average lead concentrations (soil and sediment results) based on

remediation of grids with the greatest lead concentration. The average and 95% upper confidence

level (UCL) are shown.
. Post-Remediation
Site-ID Depth Lead C(:)Iilc/el:(nt)ratlonl Lead Concentration?
o8 (mg/kg)
TWSR-G43 0"-6" 3090 99
TWSR-G35 0"-6" 2230 99
TWSR-G51 0"-6" 1840 99
TWSR-G42 0"-6" 1800 99
TWSR-G44 0"-6" 1640 99
TWSR-G36 0"-6" 1390 99
TWSR-G33 0"-6" 1220 99
TWSR-G45 0"-6" 1210 99
TWSR-G72 0"-6" 1190 99
TWSR-G60 0"-6" 1150 99
TWSR-G34 0"-6" 1060 99
TWSR-G59 0"-6" 920 99
TWSR-G37 0"-6" 867 99
TWSR-G52 0"-6" 600 99
TWSR-G38 0"-6" 570 99

Site-Wide Average 547 (95% UCL: 750) 153 (95% UCL: 190)

' The lead concentrations included were the maximum lead concentrations based on laboratory samples of soils and

sediments from zero (0) to twelve (12) inches.
2 The average lead concentration based on laboratory samples of soils below the 200 mg/kg RSL was calculated to

be 99 mg/kg.
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9.0 REMEDIAL OPTION EVALUATION
9.1 REMEDIAL ACTION OBJECTIVES
The primary project objective is to decrease the lead contamination in soil and sediment at the
Site to acceptable levels for unrestricted use. Five (5) different alternatives were considered to
address the lead contamination at the Site caused by the previous property use as a shooting

range, including:

. Alternative #1: No Action;

. Alternative #2: Site Access Restriction (Fencing)
. Alternative #3: Phytoremediation

. Alternative #4: Excavation and Onsite Disposal

. Alternative #5: Excavation and Offsite Disposal

A summary of the analysis of brownfield cleanup alternatives is discussed in the following section.
The detailed evaluation of these cleanup alternatives is discussed in the ABCA (CEC, 2024). The
purpose of this evaluation is to update the unit quantities and subsequent cost estimate for the

alternatives based on the data collected as part of this supplemental site investigation.

9.2 REMEDIAL ACTION ALTERNATIVES

The following remedial action alternatives were discussed in greater detail in the ABCA prepared
by CEC (2024) and were updated based on the results of this supplemental site investigation. The
opinion of probable cost for each alternative is considered to be representative of a conceptual
screening (0% to 2% design development phase). These estimates are classified as a Class V
Estimate according to Association for the Advancement of Cost Engineering International (AACE,
2020). The Class V Estimate has an expected accuracy range of -50% to 100%. Therefore, the
values presented in this section for each alternative have a range of -50% to 100%, as shown in

the respective cost tables for each alternative.

Alternative #1: No Action — This alternative would involve no further action, leaving the Site in

its current condition. The no action alternative is not a viable solution for controlling or preventing
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exposure to contamination at the Site. The no action alternative will not control or prevent potential

erosion and relocation of lead from the contaminated area to the downstream Talawanda Lakes.

Estimated Opinion of Probable Cost: $0

Alternative #2: Site Access Restriction (Fencing) — This alternative includes constructing a chain

link fence and placing signage to control entry into the contaminated area (considered to be any
grid with concentrations exceeding 200 mg/kg). The fence and posted signs warning visitors of
the human health hazards from exposure to lead, including the consumption of native plants and
wildlife, would create an easily identifiable boundary to detour visitors from attempting to enter
the contaminated area. This alternative will not address the contamination and will not prevent
lead from mobilizing beyond the current extent of contamination. Thus, site access restriction will
not decrease the concentrations of the contaminants. The cost items for this alternative are shown

in Table D1 in Appendix D.

Estimated Opinion of Probable Cost: $250,300
Class V Range (-50% to +100%): $125,200 to $500,600

Alternative #3: Phytoremediation — This alternative would consist of planting selected species to

uptake lead from the contaminated area. The contaminated area is based on grids that exceeded
200 mg/kg lead, which totaled 11.5 acres of upland areas and 2.5 acres of wetlands/pond areas.
Phytoremediation has been shown to decrease lead concentrations in soils (Yao et al., 2023; Zhang
et al., 2024). However, incidental ingestion and disposal of plants that have accumulated lead are
two major challenges with phytoremediation (Yao et al., 2023). Similarly, phytoremediation could
take decades to decrease current concentrations on the Site to meet the RSL assuming an annual
effectiveness of 30 to 50 mg/kg per growing season in the grids with the greatest concentrations
(CEC, 2024). Grids with lesser concentrations, closer to the 200 mg/kg threshold, will have less
annual uptake. Therefore, the opinion of probable cost assumed 20 years of planting and harvesting
vegetation used for phytoremediation. While this alternative is moderately easy to implement
because little to no earthwork is required, it does require biannual mobilization of people and

equipment to harvest and plant the selected phytoremediation crop. Without crop harvesting and
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disposal, any lead taken up by the vegetation will be returned to the soil once the vegetation dies.

The cost items for this alternative are shown in Table D2 in Appendix D.

Estimated Opinion of Probable Cost': $3,394,000
Class V Range (-50% to +100%): $1,944,900 to $7,779,500

'Assumes 20 years at 3% inflation per year

Alternative #4: Excavation with Onsite Disposal — This alternative would consist of the

following remediation steps:
* Excavating contaminated soils and sediments;
* Processing excavated material to remove lead shot and amend with lime;
* Construct an onsite repository consisting of a clay liner and place processed material into
repository;

* Install clay cover and vegetation cover to encapsulate processed material.

Excavation with onsite disposal is an effective way to eliminate risk at the Site, as long as the cap
is maintained. The soil processing to remove lead shot will decrease the total lead in the
contaminated material, and the lime addition will increase soil pH to stabilize the lead in the capped
soils. The pH stabilized soil, in addition to a constructed clay liner, will prevent lead from leaching
into the groundwater. The soil processing is also expected to result in a more homogenous material
with overall lower lead concentrations. The cap thickness will be sufficient to allow for wear from
recreational use and will be an effective way to prevent recreational receptors from coming into
direct contact with contaminated soils. In addition to the engineered control (i.e., cap), institutional
controls, such as land use restrictions, would need to be recorded on the deed to prevent future
activities that could potentially damage the cap. It was assumed that construction quality assurance
will be required throughout the entire project to oversee the liner installation and periodically test

the liner and final cover materials.

The volume of contaminated material to be excavated was calculated using two methods, identified
as Alternatives 4A and B. Alternative 4A is based upon the Site-wide average discussed in Section

8.0. Alternative 4B is a more conservative not-to-exceed approach where all grids that exceed 200
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mg/kg of lead will be remediated. This second alternative is provided to allow CNO to make the
determination if they would prefer to use a Site-wide average, which assumes individuals would
utilize the entire Site equally as part of the risk evaluation, versus an assumption where any given

location within the Site will meet the 200 mg/kg cleanup goal.

Alternative 4A: Site-Wide Average - This will consist of remediating 15 grids that measure 150 ft

by 150 ft and remediated to a depth of six-inches. Therefore, a total of approximately 6,250 cubic
yards (CY) will need to be excavated and capped on Site. The values from all grids that require
remediation as discussed in Section 8.0 are from the 0” to 6” depth range. The 15 grids requiring
remediation are the soils and sediments with the highest lead concentrations making them more
likely to exceed RCRA characteristic hazardous waste thresholds based upon TCLP analysis.
Therefore, the remediated soils in Alternative 4A will likely require substantial lime amendments

and/or potentially to be mixed with cleaner on-site soil to pass the TCLP analysis

Alternative 4B: Full Site <200 mg/kg - This will consist of remediating 39 grids measure 150 ft

by 150 ft by six-inches. Therefore, a total of approximately 16,250 cubic yards (CY) will need to

be excavated and capped on Site.

The updated cost items for each of these sub-alternatives are shown in Tables D3 and D4 in

Appendix D.
Alternative Estimated Opinion of Probable Cost | Class V Range (-50% to +100%):
Alternative 4A:
Site-Wide Average $885,200 $442,600 to $1,770,400
Alternative 4B:
Full Site <200 mg/ke $1,397,500 $698,800 to $2,795,000

Alternative #5: Excavation with Offsite Disposal — This alternative will consist of excavating

contaminated material as described in Alternative 4, but the material will be hauled to the nearest
landfill for disposal, rather than onsite disposal. As with Alternative 4, this alternative is divided
into two sub-alternatives based on excavation volumes for a Site-wide average of less than 200
mg/kg (Alternative 5A) and remediating the entire Site to less than 200 mg/kg (Alternative 5B;

not to exceed approach).
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Excavation with offsite disposal is an effective way to eliminate risk at the Site, since
contamination will be removed, and the exposure pathways will no longer exist. It was assumed
the excavated material will not be classified as hazardous waste and can be hauled to the nearest
landfill, located near Alderson, OK. It was assumed that construction quality assurance will be
required throughout the entire project to collect confirmation samples showing the remaining

soils meet the 200 mg/kg lead goal following excavation.

The updated cost items for each of these sub-alternatives are shown in Tables D5 and D6 in

Appendix D.
Alternative Estimated Opinion of Probable Cost | Class V Range (-50% to +100%):
Alternative 5A:
Site-Wide Average $1,400,800 $700,400 to $2,801,700
Alternative 5B:
Full Site <200 mg/kg $2,979,500 $1,489,700 to $5,959,000
Civil & Environmental Consultants, Inc. -16- Talawanda Shooting Range Phase II
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