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ES.0

ES.1

EXECUTIVE SUMMARY

This Remedial Investigation/Feasibility Study (RI/FS) report describes the methods and
results of data evaluation and site characterization performed; and presents the
assessment, development, screening, and evaluation of remedial alternatives to reduce the
potential risk to current and future site receptors, the general public, and the environment
at the U.S. Border Patrol (USBP) firing range in Nogales, Arizona.

REMEDIAL INVESTIGATION

The primary purpose of the Remedial Investigation (R1) at the USBP firing range, located
at 1651 W. Target Range Road in Nogales, Arizona Santa Cruz County is to present the
results of the RI and provide information to assess the potential risks/hazards to human
health and the environment. This report also evaluates the success of the RI in terms of
meeting the objectives of the investigation.

The study area is a leased portion of the Arbo property (parcel no. 112-29-100B) and
covers approximately 0.5 acres.

Previous Phase | and Phase Il investigations completed on properties adjoining the USBP
firing range have found bullet fragments, shotgun wadding and clay pigeon target
fragments, in the vicinity of the USBP firing range. During the Phase Il soil investigation
completed on the properties adjoining the USBP firing range one hundred and thirty five
soil samples were taken and analyzed for lead, antimony, arsenic and polynuclear
aromatic hydrocarbons (PAH)s. Results of the samples showed lead constituents and
limited antimony, arsenic and PAHSs soil concentrations exceeding U. S. Environmental
Protection Agency (USEPA) residential regional screening levels.

To characterize the USBP firing range for small arms constituents of concern (COC)s, the
RI evaluated existing historical information, geophysical and chemical data; and
collected new data to determine the nature and extent of potential small arms COCs
within the boundaries of the existing firing range. In order to meet the objectives of the
RI a conceptual fate, transport and exposure (CFTE) site model was developed. The two
components of the CFTE site model are 1) determination of fate and transport processes
related to the constituents’ ability to be isolated, degraded or migrate in the environment,
and 2) an assessment of potential exposure pathways to evaluate the impacts of released
materials on human and ecological receptors.

During the current investigation by TPMC a total of sixty soil samples below ground
surface (bgs) were collected at the USBP firing range in Nogales, Arizona. Thirty eight
soil samples (sixteen composite samples and twenty two discrete ‘grab’ samples) were
collected from the surface (0-12 inches bgs), and twenty two soil samples (sixteen
composite samples and six ‘grab’ discrete samples) were collected at the shallowest depth
below 12 inch where the X-Ray Fluorescence instrument reading did not exceed USEPA
residential Regional Screening Levels (RSL) s for antimony, arsenic, and lead. All sixty
soil samples were analyzed for the presence of antimony, arsenic, and lead. Ten surface
soil samples were analyzed for the presence of PAHs and five samples containing high
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concentrations of constituents of concern (COC) metals were analyzed for toxicity
characteristic leaching potential (TCLP). All of the COC metals are found throughout the
firing range. The highest concentration of metals for both shallow (0-12 inches) and deep
(12-42 inches) are found in the southwest corner of the firing range. The area consists of
the major portion of the back-stop berm and firing range area between the berm and last
target area. The highest concentration of PAHs is also found in the southwest corner of
the firing range. Four of the five TCLP samples exceeded USEPA standards for lead and
none of the arsenic samples exceeded the USEPA TCLP standards. There are no USEPA
TCLP standards for PAHs and antimony.

Potential routes of vadose zone soil COC migration at the USBP firing range are aeolian
(wind) transport, sediment transport by storm water, mass wasting and leachate transport.
Site conditions at the USBP firing range relevant to these modes of COC migration
indicate that COCs are actively migrating off-site from vadose zone soils.

Off-site COC particle transport by aeolian (wind) methods is considered to be the
primary mode of COC migration at the USBP firing range. COCs may also migrate by
sediment transport from flashy storm water discharges produced by seasonal heavy
precipitation. Mass wasting is expected to result in on-site transport of contaminated
surface soils and shooting range debris. The area of the USBP firing range subject to
mass wasting COC migration is restricted to the backstop berm area.

Off-site COC dissolved transport by storm water is also expected to transport relatively
minute amounts of COC metals and, to a lesser degree, PAHS, as a dissolved fraction.
COC media present in the dissolved phase in storm water discharges may release
relatively small amounts of dissolved COCs. Storm water transport of COCs as a
dissolved fraction increases the distance and rate of migration of COCs compared to
transport of bed load sediments. The dissolved COC load carried by storm water runoff
may potentially combine with the local permanent surface water pathway, Santa Cruz
River, in a highly diluted state.

Leachate transport is expected to cause vertical on-site and off-site COC migration.
Leachate resulting from infiltration of rain water may transport dissolved COC metals
and PAHs downward through vadose zone soils towards the water table. Due to the slow
rate of leachate COC transport anticipated at this site (a few inches of downward
transport per year) and the depth to groundwater at the site ranging from 40 to 135 feet
bgs, leachate transport will not migrate COCs to the water table in the near term.

The human and environmental risk posed by the lead concentrations in soil exceed both
the human health and ecological screening levels, in all of the soil samples collected on
site and immediately adjacent to the site in 2011. Concentrations of antimony and
arsenic and PAHSs exceed both human and ecological screening levels in surface soils,
although exceedances are not as widespread as lead. Based on the widespread
exceedances of the lead USEPA RSLs and Arizona Department of Environmental
Quality Soil Remediation Levels (SRL) in the fine soil fraction, remedial decisions to
address current soil conditions would be warranted. Concentrations of antimony, arsenic,
and PAHs are co-located with elevated lead concentrations, thus the physical remedial
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actions that would address fine grained particulate lead in soil would also address these
fine grained constituents. Based on this comparison to regulatory and risk-based
screening criteria, further estimation of risk under a baseline exposure scenario, which is
captured in the screening criteria, is unlikely to provide additional information that would
impact the remedy selection in the FS. Thus, no additional risk assessment is
recommended until a strategy to address lead, in soils has been developed.

FEASIBILITY STUDY

The Feasibility Study (FS) describes alternatives to address COC hazards at the U.S.
Border Patrol (USBP) firing range in Nogales, Arizona. The USBP firing range contains
structural improvements and buildings related to small-arms shooting and target practice
activities.

The purpose of this FS is to identify Remedial Action Objectives (RAOs), identify and
screen potential response actions that may meet the RAOs, assemble the response actions
into remedial alternatives to address any potential COC hazards at the USBP firing range,
and evaluate the remedial alternatives using established criteria. The objective of the FS
is the development, screening and detailed analysis of remedial action alternatives to
remediate the (USBP) firing range in Nogales, Arizona. The remediation of the COCs
will be the final remedial action to be taken by the USBP. CERCLA requires that the FS
prepare detailed analyses of remedial alternatives using nine criteria. The analyses
include:

Threshold Criteria
1. Overall protection of human health and the environment;
2. Compliance with environmental screening levels (ARARS);

Primary Balancing Criteria
3. Long-term effectiveness and permanence;
4. Reduction of toxicity, mobility, or volume;
5. Short-term effectiveness;
6. Implementability;
7. Cost;

Modifying Considerations
8. Government acceptance; and
9. Community acceptance.

The FS approach described in the guidance documents was tailored to site-specific
circumstances and modified to consider the inherently unique aspects of conducting
remedial activities at the Firing Range. The FS consists of two general steps as listed
below:

1. Identification and screening of a focused list of possible remedial technologies; and
2. Detailed evaluation of remedial alternatives using process options within viable
technology types.
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RAOs drive the formulation and development of response actions. The primary RAOs
for the USBP firing range are based upon the hazard assessment results presented in the
RI Report and the USEPA threshold criteria. Based upon the hazard assessment and the
RI/FS Guidance, the following RAOs were developed for the protection of human health
and environment:

« Prevent or reduce the potential for receptors to come in direct contact with soil COCs
and COC source materials remaining at USBP firing range.

» Prevent the potential for receptors to ingest the soil COCs at the USBP firing range.
» Prevent the potential for receptors to inhale the soil COCs at the USBP firing range.
» Interrupt USBP firing range COC migratory pathways to human or ecological targets

Soil COCs related to historical USBP operations within the firing range site were
detected in soil samples collected during the RI. The specific COCs are summarized as
follows:

» Lead, antimony and arsenic originated from spent munitions from small arms firing at
the USBP firing range. Lead, antimony and arsenic are constituents used in the
manufacture of bullets and shot gun pellets.

« Polynuclear Aromatic Hydrocarbons (PAH) also originated from spent munitions
from small arms firing at the USBP firing range. The PAHs are components used in
the manufacture of plastic shotgun shell wadding and clay pigeon targets.

A screening evaluation was conducted to determine remedial technologies that may be
effective components for the remedial action alternatives. Technologies were screened
using the criteria of effectiveness, implementability and cost. The following lists the
potential remediation technologies screened using these criteria:

No Action

Grade and Cap

Soil Stabilization

Off-Site Landfill

Soil Solidification

Sieve, Sort and Removal
Bioremediation/Phytoremediation

NookrwnpE

The following remedial technologies were retained after screening for effectiveness,
implementability, and cost:

. Alternative 1: Limited Off-Site Landfilling, Soil Stabilization and Cap and Grade
« Alternative 2: Sieving, Soil Stabilization and Cap and Grade

. Alternative 3: Off-Site Landfilling, Soil Solidification and Cap and Grade
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« Alternative 4: Off-Site Landfilling

The following remedial alternatives were developed, evaluated against the CERCLA nine
criteria, and retained for comparative analysis from the retained remedial technologies:

« Limited Off -Site Landfilling, Soil Stabilization and Cap and Grade — This developed
alternative includes the removal of COC metal and PAH contaminated soils that are
above USEPA RSLs and Arizona SRLs, and the subsequent treatment of the
remaining stockpiled soils and in-place soils with a soil stabilization amendment.
This method stabilizes lead and arsenic using Apatite I1, derived from processed fish
bones, which chemically binds lead and arsenic into stable, insoluble minerals. The
third step involves installation of an impervious cap and soil layer over the site and
subsequent grading that isolates antimony and PAHs.

« Sieving, Soil Stabilization and Cap and Grade - This alternative removes the metals
fraction that is greater than ¥ inch in diameter using sieving and recycling the metals
(for free-flowing sandy soils with little oversize material other than spent projectiles,
simple dry screening may be sufficient), and treating the remaining metals in place
and loose soils with a soil stabilization amendment Apatite 11. This method stabilizes
metals using Apatite I1, derived from processed fish bones, which chemically binds
metals into stable, insoluble minerals. The third step involves installation of an
impervious cap over the site and subsequent grading that isolates antimony and
PAH:S.

. Off-Site Landfilling - This alternative removes the COC metals and PAHSs from all
contaminated soils that are above USEPA RSLs and Arizona SRLs to an appropriate
land fill. The removal areas comprise the backstop berm, firing range proper and
parking lot.

The retained alternatives listed above meet the threshold criteria. Each one of the
retained remedial alternatives is a complete alternative, a selection of which will allow
the US Customs and Border Protection (CBP) to meet the assumed remedial objective.
Following the USEPA (1988)outline, further comparative assessment of the alternatives
was reserved for the more detailed analyses covered under the primary balancing criteria:
3) long-term effectiveness and permanence, 4) reduction of toxicity, mobility or volume,
5) short-term effectiveness, 6) implementability and 7) cost. The retained alternatives
were then compared to evaluate the relative merits and deficiencies of each alternative
relative to one another so that the alternatives can be identified and ranked in terms of the
various evaluation criteria.

The CBP will identify a preferred remedial alternative based upon comments received
from the regulatory agencies and project stakeholders during the review period of the
Draft Final RI/FS Report. The preferred alternative will be presented along with other
alternatives in the Proposed Plan. The Proposed Plan will be prepared after the FS is
finalized. The preferred alternative will be presented in a public meeting and the public
will be allowed to comment on the Proposed Plan during a 30-day public comment
period. Following the 30-day public comment period, a Decision Document (DD) will be
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prepared that (1) summarizes the results of the RI/FS, (2) includes a responsiveness
summary that summarizes any public comments received on the Proposed Plan and
includes responses to comments, and (3) specifies the details of the selected remedy(s),
including plans for development and submittal of a RD/RA Work Plan.
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1.0

11

1.2

INTRODUCTION

This Remedial Investigation (RI) and Feasibility Study (FS) investigation incorporates
the approximately one-half acre U. S. Border Patrol (USBP) firing range property,
referred to hereafter as the USBP firing range, located on the west side of Nogales,
Arizona. The firing range consists of two buildings, parking area, covered firing area,
three concrete target rectangles and an earthern backstop berm. The RI/FS report is
divided into two parts: the Rl is Volume 1 and the FS is Volume 2. The Rl field
investigation phase of work has been completed for the Property. This RI/FS report is
focused on the USBP firing range as US Customs and Border Protection (CBP) intends to
close the firing range and terminate the lease.

This R1 was performed to characterize the site for small arms constituents of concern
(COCs) resulting from the firing range exercises.

The FS is developed to document the evaluation of remedial alternatives developed to
reduce the potential exposures of small arms constituents of concern (COC) to current
and future property owners and the general public.

The RI/FS meets the requirements of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA), as amended by the 1986 Superfund
Amendments and Reauthorization Act (SARA), and the National Oil and Hazardous
Substance National Contingency Plan (NCP). The RI/FS report will be used in
developing the Proposed Plan and making a decision on Remedial Action (RA).

PURPOSE

The primary purpose of the RI report (Volume 1) is to present the results of the RI and
provide information to assess the potential risks/hazards to human health and the
environment. Information presented in the RI report supports the FS in order to
determine a remedy for the firing range. This report also evaluates the success of the Rl
in terms of meeting the objectives of the investigation and filling data gaps that existed
for the firing range prior to the RI.

To characterize the USBP firing range for small arms COCs, the RI evaluated existing
historical information, geophysical and chemical data; and collected new data to
determine the nature and extent of potential small arms COCs within the boundaries of
the existing firing range. In coordination with the U.S. Army Corps of Engineers— Fort
Worth District (USACE) and the CBP, TerranearPMC, LLC (TPMC) completed the RI
activities in October 2011 and developed this R1 report to present the results of the
investigation, provide a Conceptual Fate, Transport And Exposure (CFTE) site model,
and perform a screening-level risk assessment for small arms COCs for the firing range.

REPORT ORGANIZATION

This Rl is generally organized according to the report outline in Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA,1988. The RI report
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outline provided in USEPA, 1988 has been modified and augmented to accommodate
unique aspects of this project.

The RI report presents information on the Site in the following sections:

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Introduction: This section describes the purpose of the RI report, general
characteristics of the firing range, physical geography, cultural resources, current
land use, and provides a summary of the previous investigations performed at the
Site.

Project Remedial Action Objectives: This section discusses the objectives
stated in the USBP firing range work plan. It includes the remedial response
objectives established for the site, a description of the approach for the RI and
review of the data needs and data quality objectives (DQOs) for the project.

Nature and Extent of Constituents of Concern: This section characterizes the
types of COCs present at the firing range, identifies the compounds that are
potentially present and describes the strategies and methods utilized to
characterize the nature and extent of COCs.

Constituent of Concern Fate and Transport: This section provides a
characterization of migration pathways of the COCs present at the firing range,
including information from previous investigations and persistence of the COCs
in the environment.

Risk Assessment: This section discusses the risk assessment conducted to
evaluate the potential risks the site poses to human health and the environment.
In accordance with the SOW, the risk assessment consists of a human health
assessment (HHA) and an ecological risk assessment (ERA).

Summary and Conclusions: This section provides summaries dependant on the
results of the RI on the extent of the COCs, the migration of the COCs and the
assessment of risk from the COCs to the human and ecological targets. Provides
conclusions concerning the data limitations and recommendation for future work
and a statement of recommended Remedial Action Objectives (RAOs) based on
current extent of the COC migration.

Quality Assurance: This section presents the quality assurance (QA) and data
validation procedures used to ensure 100 percent validation and usability of the
data collected during the R1 of the USBP firing range. This section also presents
the QA procedures for data validation and the intrusive investigation.

References: This section provides references for outside sources of information
used in the development of this RI report.
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SITE DESCRIPTION, POTENTIAL CONSTITUENTS OF CONCERN AND
PREVIOUS WORKS

1.3.1 Site Location

The USBP firing range is located at 1651 W. Target Range Road in Nogales, Arizona
(Figure 1). The study area is a leased portion of the Arbo property (parcel no. 112-29-
100B) and a portion of the Barr property (parcel no. 113-49-027) (Figure 2). The study
area is shown by the sixteen square grids and covers approximately 0.5 acres (Figure 3).
The site on the Arbo property is surrounded by three adjacent properties: the Barr
property (parcel no. 113-49-027), Garcia Property (parcel no. 113-49-006) and the
Kyriakis property (parcel no. 113-49-002A).

The study area is located in a portion of section 13, Township 24 south, Range 13 east,
Santa Cruz County, Arizona with its center located at latitude of approximately
31.347139 North and longitude of approximately 110.969525 West.

1.3.2 Potential Environmental Constituents of Concern

Usage of the property as a firing range indicates the potential for COCs to be present in
the surface and subsurface soils. COCs at the property include those associated with
abandoned spent small-arms ammunition, clay pigeon targets and shotgun wadding,
namely lead, arsenic, antimony and polynuclear aromatic hydrocarbons (PAHSs). The
source of COCs at the property is the firing area and back stop berm of the USBP firing
range. The scope of this RI includes sampling and analysis to determine if the potential
COC:s are present at the site in surface and subsurface soils.

1.33 Site Description

The USBP firing range site description, including general site characteristics, potential
environmental contamination risks, topography, site buildings and structures, climate,
hydrology, soils and vegetation, geology, hydrogeology and prehistoric and cultural
resources are discussed in the following subsections.

1.3.3.1 Topography

The majority of the USBP firing range study area has been graded by heavy machinery,
and is essentially flat. The topography of the remainder of the study area and of the
surrounding property is typical of dry desert lowlands present throughout the Basin and
Range province of the western United States. The land surface is generally rugged and
hilly. Several dry creek beds (arroyos) separate steep hills and ridges present throughout
this area. The elevation ranges from approximately 3,960 to 4,130 feet above mean sea
level (amsl) (Allwyn Environmental, 2009).
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1.3.3.2 Site Buildings and Structures

The USBP firing range contains structural improvements and buildings related to small-
arms shooting and target practice activities (Figure 3). The buildings and structures at the
site consist of:

« An open-sided covered firing deck on concrete slab, located at the eastern end of the
range, approximately 60 feet x 15 feet.

. Two wooden storage sheds, one adjoining the southern end of the covered firing deck
(approximately 10 feet x 15 feet), and the other located east of the firing deck
(approximately 8 feet x 5 feet). The sheds are used for the storage of firing range
maintenance supplies and targets.

« Three concrete slab target staging pads (60 x 10 feet, 60 x 5 feet and 60 x 5 feet), each
oriented parallel to and west of the covered firing deck.

« An approximately 12 foot-high earthen back-stop berm at the western edge of the site.

1.3.3.3 Climate

Nogales’ climate is typically sunny and dry, with low relative humidity. Average
monthly high temperatures recorded at the Nogales 6 N climate station from 1952 to
2010 range from a low of 64.3 degrees Fahrenheit (°F) in January to a high of 95.3°F in
June. Average monthly low temperatures range from 27.3°F in January to 63.9°F in June
during the same time period (Western Regional Climate Center, 2011).

Nogales’ climate is classified as arid, which is defined by average annual precipitation
less than half of evaporation and mean temperature of the coldest month above freezing
(32°F). The USBP firing range receives little rain or snow, averaging about 17.21 inches
of precipitation per year. Most precipitation occurs during the summer monsoon season,
typically from July through mid-September. The monthly average precipitation recorded
at the Nogales 6 N climate station from 1952 to 2010 ranges from a low average of 0.22
inches for May to a high average of 4.38 inches for August. The summer monsoon
season for regional precipitation is characterized by incidences of sudden, dramatic
downpours of heavy rain within a short period of time. Such events have been known to
cause flash flooding. The Nogales 6 N climate station has recorded an extreme value of
3.67 inches of precipitation within one day, occurring on the 25" of August, 1993.
Hourly rainfall amounts were not available (Western Regional Climate Center, 2011).
The average pH of rainwater for southern Arizona is approximately 5.4 (USGS, 2001)

Prevailing wind at the Nogales Airport generally flows from the South (Western Regional
Climate Center, 2011).
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1.3.34 Surface Water Hydrology

No permanent surface water features exist at the USBP firing range. An unnamed dry
creek bed (arroyo) borders the site on the northwest side. Arroyos are seasonal drainage
features, which drain ephemeral storm water during heavy rain events (usually during the
summer monsoon rain events) and usually become dry again within a few hours or even
minutes of the end of the rain event. The unnamed arroyo at the USBP firing range
drains to the northeast, towards an automobile salvage yard.

1.3.35 Geology

The physiography of the USBP firing range study area is characterized by mountains and
basins formed by large scale normal faulting during the Basin and Range disturbance
about 14 to 6 million years ago. The site is underlain by the sediments of the Tertiary-
age Nogales Formation and Mesozoic-age intrusive volcanics, unconformably overlaid
with a veneer of Quaternary-age sediments in the valleys. The Nogales Formation
consists of mechanically deposited basin-fill volcanic conglomerate with layers of
sandstone and grit. The Nogales Formation is estimated to reach a depth of 250 to 700
meters bgs (USGS and ADEQ, 2011).

1.3.3.6 Soils and Vegetation

The soils in the study area are primarily shallow and rocky with unweathered clasts of
andesite and rhyolite tuffs, granites, and small areas of clay shales. The steeper slopes
have numerous rock outcroppings and shallow loamy soils. Five soil associations
dominate the area: Comoro-Pima, Continental-Sonoita, Caralampi-White House -
Hathaway, Lampshire-Chiracahua-Graham, and Faraway-Rock Outcrop-Barkerville.
The first three are typically deep soils and sandy loams with varying amounts of gravel
and clay, generally appearing in or along floodplains and streambeds. The latter two are
typically shallow cobbled clay or sandy loams occurring in the upper elevations on
foothills and mountains (Allwyn Environmental, 2009). Soil pH ranges from slightly
acidic (pH 6) to slightly alkaline (pH 8) (USDA, 1979).

Most of the ground surface is covered with vegetation; however, some portions are bare.
The vegetation that grows in these soils is representative of desert shrub land. Common
vegetation includes several varieties of cacti, mesquite, creosote bush, ocotillo, acacia
trees, desert willow, and yucca (National Park Service, 2011). USBP firing range
vegetation did not significantly hinder the RI field activities.

1.3.3.7 Hydrogeology
Regional Groundwater Conditions

The property lies within the boundaries of the Santa Cruz Active Management Area
(AMA). The Santa Cruz AMA was designed to address groundwater overdraft in the
area, as a result, water management in this area is intensive. Within the Santa Cruz
AMA, groundwater can be withdrawn legally only through a groundwater right or permit,

TERRANEARPMC, LLC 1-5 JUNE 14
CONTRACT NO. W9126G-06-D-0016, TASK ORDER NO. 0039 FINAL



N —

P G N G G -
~NOo ok WN - O © 0O NO O b W

.
©

N NDNDNDNDDN
a b~ WN-2O0

26
27
28
29
30
31

32

33
34
35
36
37
38

Volume | Remedial Investigation Report
U.S. Border Patrol Firing Range
Nogales, Arizona

unless groundwater is withdrawn from an exempt well (maximum capacity of 35 gallons
per minute [gpm] or less) (Allwyn, 2009).

The basin-fill sediments along the Santa Cruz River form three aquifers (listed in
ascending order): the Nogales Formation, the Older Alluvium, and the Younger
Alluvium. These three aquifers are shared between the U.S. and Mexico. Both alluvial
units are generally unconfined, hydraulically connected, and yield water to wells. The
Younger Alluvium ranging in depth from 40 to 150 feet is present along the river and
some of its tributaries. According to the Arizona Department of Water Resources
(ADWR), this aquifer is the most productive and widely used in the region providing
about 75 percent of the total water in the Santa Cruz AMA, with some wells yielding
more than 1,000 gpm (Allwyn, 2009).

Although the Older Alluvium aquifer (ranging from a few meters to about 1,000 feet bgs
is the most extensive geologic unit within the Santa Cruz AMA, its transmissivity is
generally low and well yields are often small. The Nogales Formation, at least 5,000 feet
thick is not generally considered an aquifer, since groundwater occurs primarily in
fracture zones and unconsolidated layers within the formation (average yields are less
than 30 gpm) (Allwyn, 2009C).

The highly seasonal nature of surface water flow, the high transmissivity of the Younger
Alluvium and the discharge of effluent from the Nogales International Wastewater
Treatment Plant complicate the analysis of water level change. According to the Arizona
Department of Water Resources, the water level elevations (elevation of the water table
amsl) range from 3,000 to 4,000 feet in the Santa Cruz AMA. The Santa Cruz River
serves as a major source of recharge for the Younger Alluvium by seasonal methods:
mountain front recharge, irrigation seepage, effluent discharge, and natural surface water
flow (Allwyn, 2009C).

Local water table levels fluctuate with variations in weather patterns, water withdrawals
within the project area Santa Cruz River basin (in Mexico and the U.S.), and incidental
recharge from agricultural irrigation and Nogales International Wastewater Treatment
discharge. The shallow depth of the basin’s aquifers and the high transmissivity of the
alluvium make many portions responsive to precipitation events and susceptible to
droughts (Allwyn, 2009C).

Site Groundwater

Based on the information provided in a well driller report from a well located within
close proximity to the site (ADWR Well N0.55-636229), the local groundwater is located
approximately 135 feet bgs in this well which is cased to 420 feet bgs. No perched water
appears to exist in the area as no intermittent clay layers were noted. Based on site
topography, the groundwater flow in the vicinity of the subject property is likely to the
north to northeast.
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1.4

1.5

1.3.3.8 Prehistoric and Historic Cultural Resources

There are no identified prehistoric or historic cultural resources within the immediate
vicinity of the USBP firing range property.

SITE HISTORY

The region encompassing the City of Nogales, including the USBP firing range, has been
a significant link between the Arizona and Sonora regions since before European
occupation in the 16" century. The Nogales area was utilized as Native American trade
route in prehistory, and was known as the “Camino Real”. The area was later used as a
Spanish trade route. Following the U.S. acquisition of the area in the 1852 Gadsden
Purchase, the area became an important link between Mexico and the Arizona Territory.
The City of Nogales, including the study area, was the site of a confrontation between the
U.S. Army and the Mexican nationalist Pancho Villa in the mid-1910s (City of Nogales,
2011).

Camp Little, a U.S. military base, was established on 26 November 1910 to protect U .S
interests at the border. Camp Little was a training and staging facility during World War
I. Improvements to the site were made during 1910 to 1933 when the camp was under
DOD controls. More than 100 buildings, including streets, sewers, utilities, hospitals,
shops, stables and a theater were constructed during DOD tenancy. The site was declared
surplus on 1 January 1933. The improvements to the land were offered for sale to the
original land owners and it is believed that the owners bought them. The land owners
then leased their land with improvements to the State of Arizona. Today, the site is
mostly residential with two local government buildings, a school, a grocery store, two
restaurants, farm land and commercial buildings. The former Camp Little is located
approximately two and one half miles northwest of the USBP firing range.

An aerial photograph review conducted by Allwyn Environmental, LLC in a 2009 Phase
| ESA of a property adjacent to the study area revealed that the USBP firing range
structures present at the study area were constructed in 1992, and that no previous
development had occurred at the site. The areas immediately surrounding the study area
have never been developed. The study area property was used as a shooting range and
target practice facility for the U.S. Border Patrol after 1992. The property is currently
idle. It has not been determined when the site ceased to be used as a shooting range. The
current property owner, Mr. Arbo, still leases the property to the USBP. The chain of
property ownership for this site has not been determined and was not under the scope of
this RI. (Allwyn Environmental, 2009B)

PREVIOUS INVESTIGATIONS
151 2009 Phase | ESA Parcel 113-49-006

This report presents the findings of the Phase | ESA performed in March 2009 on the La
Loma Grande Property (currently the Garcia property) located adjacent to the Barr
property in the Mariposa Canyon area of Nogales, Arizona. This property is northwest of
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the USBP firing range (Figure 2). The entire property consists of one parcel (113-49-
006) and covers approximately 66.84 acres. The subject property has its center located at
latitude of approximately 31.347952 North and longitude of approximately 110.973038
West.

The Phase | ESA was completed for Santa Cruz County to document known
environmental risks and conditions associated with the property. The Phase | ESA was
completed in accordance with the requirements of the Standard Practice for
Environmental Site Assessments: Phase | Environmental Site Assessment Process
(American Society of Testing and Materials [ASTM] Designation: E1527-05). The
objective of the Phase | ESA was to identify RECs at the property (Allwyn, 2009A).

This assessment revealed evidence of the following recognized environmental conditions
(RECs) in connection with the property (Allwyn, 2009A):

. Large quantities of bullet fragments were observed throughout the northeast portion
of the subject property, which is located west of a practice shooting range used by the
USBP.

« Bullet fragments varied in size and were found in large concentrations in the wash
and hillside directly behind the shooting range.

. Bullet fragments were observed as far as 600 feet west of the shooting range.
« The bullet fragments would likely result in elevated concentrations of lead in the soil.
1.5.2 2009 Phase | ESA Parcel 113-49-027

This report presents the findings of the March 2009 Phase | ESA performed on the Barr
Property adjacent to the USBP firing range in the Mariposa Canyon area of Nogales,
Arizona. This property adjoins the USBP firing range on the northwest and south (Figure
2).

The Phase | ESA was completed for Santa Cruz County to document known
environmental risks and conditions associated with the property. The Phase | ESA was
completed in accordance with the requirements of the Standard Practice for
Environmental Site Assessments: Phase | Environmental Site Assessment Process
(ASTM Designation: E1527-05). The objective of the Phase | ESA was to identify RECs
at the property. Allwyn Environmental performed historical research review,
environmental records and databases evaluation, site reconnaissance, and interviews with
persons knowledgeable with the site.

The subject property consists of the northern portion of one parcel (113-49-027) and
covers approximately 41 acres. The subject property consists of rugged and hilly
undeveloped native desert land, with evidence of vehicular traffic occurring on the
subject property. There are no structures located on the subject property. However, there
are two parcels that are entirely enclosed by the subject property. The first enclosed
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parcel (113-49-010B) is located in the northwest portion of the subject property and
contains an automobile salvage yard and the USBP firing range study area. The
automobile salvage yard appeared to encroach onto the subject property on the small
narrow strip next to the northern boundary in the northwest portion of the subject
property. The second enclosed parcel (113-49-029) is located near the western boundary
and contains a cell tower owned by AT&T. In the northeast portion of the subject
property on the northern boundary, the fence from the Swift Trucking Company facilities
appeared to encroach onto the subject property. There are dirt roads located on the
subject property.

1.5.3 2009 Phase Il ESA Parcel Nos. 113-49-006 and 113-49-027

A Phase Il ESA was completed in December 2009 for two parcels (Parcel Nos. 113-49-
006 and 113-49-027) located immediately west and adjacent to the USBP firing range.
Small arms target practice activities were suspected of impacting the two parcels,
potentially resulting in elevated concentrations of lead, arsenic, antimony, and PAHSs.
The on-site assessment activities were conducted from October 19, 2009 through
November 12, 2009. The assessment was conducted in accordance with a U.S.
Environmental Protection Agency (USEPA)-approved Quality Assurance Project Plan
(QAPP), dated July 2, 2009, and a site-specific Sampling and Analysis Plan (SAP), dated
October 6, 2009 and approved by USEPA on November 5, 2009 (Allwyn, 2009C).

Soil samples from 51 of 135 sampling cells contained lead in a concentration above the
Arizona Department of Environmental Quality (ADEQ) Residential SRL of 400
milligrams per kilogram (mg/kg) and, of these, 33 contained lead in a concentration
above the non-residential SRL of 800 mg/kg. Subsurface soil samples from 28 sampling
cells contained lead in a concentration above the residential SRL and, of these 28
sampling cells, 14 contained lead in a concentration above the non-residential SRL.

Soil samples from one of the 135 sampling cells contained antimony in a concentration
above the residential SRL. Soil samples from two of the 135 sampling cells contained
one PAH, benzo (a) pyrene, in a concentration above the residential SRL for the 10°®
excess lifetime cancer risk level.

The horizontal extent of lead impacts in the assessment area has been generally defined to
the west of the shooting range, but has not been defined to the north and south of the
shooting range. The vertical extent of lead impacts has not been defined. Antimony and
PAHSs, while present in soil samples above the residential SRLs in two and one sampling
cells, respectively, are present only in cells in which lead is also present in soil samples in
a concentration above the residential SRLs. Therefore; lead was considered the target
COC for further assessment and/or remediation at the site.

The extent of lead impacts in the wash immediately behind the small arms shooting range
was delineated. Lead is present at concentrations above the non-residential SRL in the
wash soil extending between 250 and 300 feet and above residential SRLs between 450
and 500 feet northeast (downstream) of the small arms shooting range. Antimony,
arsenic, and PAHSs are not present in concentrations above the residential SRLs in
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samples collected from the wash. Therefore, lead was considered to be the target COC
for further assessment and/or remediation in the wash.

Toxicity, Characteristic Leaching Potential (TCLP) analysis to evaluate the hazardous
waste classification of on-site soil was performed on two samples containing lead above
the non-residential SRL (2,200 mg/kg and 3,400 mg/kg) and one containing lead above
the residential SRL (400 mg/kg). The samples collected for the hazardous waste
classification demonstrated that the unscreened material and material passing through a
#8 sieve would be classified as a hazardous waste based on lead toxicity (0008 waste
code). In addition, one sample collected from material passing through a #50 sieve (WD-
S) also demonstrated the hazardous waste characteristic for lead following TCLP
analysis.

This assessment revealed evidence of the two following RECs in connection with the
property:

« Bullet fragments were observed on the subject property (parcel no. 113-49-006), in
the vicinity of the USBP firing range in the northwest portion of the subject property.

- Bullet fragments varied in size and were found in large concentrations in the wash
and hillside directly behind the shooting range on subject property parcel no. 113-49-
027. The bullet fragments likely result in elevated concentrations of lead in the soil.
Further assessment of the soil through soil sample collection and analysis, and/or
alternate means (e.g. X-ray fluorescence) should be conducted to evaluate the extent
and magnitude of potential lead impact of the soil.

There is an automobile salvage yard (parcel no. 113-49-010B) that is enclosed within the
northwest portion of the subject property (parcel no. 113-49-027) and encroaches onto
the subject property. The position of the wash and local topography on parcel no. 113-
49-027) indicates that storm water, potentially containing petroleum hydrocarbons and
metals, could run on and through the subject property from the automobile salvage yard.
This report states that one of the focuses of further investigations for parcel no. 113-49-
027 should be on the migratory pathways from parcel no. 113-49-010B that are most
likely to represent significant sources of COCs for parcel no. 113-49-027 (Figure 2).
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2.0

2.1

PROJECT REMEDIAL MODEL, SETTING AND RESPONSE

CONCEPTUAL FATE, TRANSPORT, AND EXPOSURE MODEL

A CFTE site model is a description of the site, its environment, and the nature and extent
of the COC:s at the site, based on existing knowledge. The CFTE site model describes
sources of chemical COCs, mechanisms of release and migration, actual and potentially
complete or incomplete exposure pathways, overall migration of released materials,
current or reasonably anticipated land use, and potential site receptors. The scope and
focus of the investigation of the nature and extent of COCs at the site, specifically with
respect to shallow soils, was determined by the fate and transport of spent ammunition
and targets associated with past site activities. The CFTE site model is based on two
dependant components:

1) COC fate and transport principles related to the constituents’ ability to be
degraded or migrate in the environment, and stabilization, solidification, abiotic
and/or biological degradation, advection, diffusion and dispersion of materials
in the environment.

2) An assessment of potential exposure pathways to evaluate the potential impacts
of released materials on human and ecological receptors.

The potential contact of human and ecological receptors to released materials in
environmental media is evaluated in the context of the physical fate and transport of
sources and the presence of receptors at various exposure points or areas. The exposure
assessment identifies the preliminary receptors, exposure media, exposure routes, and
exposure points/areas that require further evaluation in a risk assessment.

The fate, transport and exposure assessment follows current USEPA guidance for
sampling and risk analysis (USEPA, 2000, 2003). This guidance focuses the
investigation on receptors and exposure pathways to be affected from significant sources
of COCs.

2.1.1 Facility Profile

The USBP firing range facility and the surrounding industrial, commercial and
recreational facilities; parks and roads in the vicinity of the firing range are presented in
Figure 1 and 2. The USBP leased property was actively used as a USBP practice firing
range from 1992 to 2011 and is currently idle.

2.1.2 Physical Profile

The topography of the USBP firing range site is essentially flat. The topography of the
surrounding property is generally rugged and hilly. The elevation at the USBP firing
range ranges from approximately 3,960 to 3,970 feet amsl. Several arroyos separate
steep hills and ridges present throughout this area. These arroyos, including an unnamed
arroyo bordering the site to the northwest, drain to the northeast.
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Soil thickness exceeds 1,000 feet with less than five percent moisture content. Site
surface soils mainly consist of relatively transmissive sands and sandy loams. The USBP
firing range is mostly non-vegetated; however surrounding areas are mostly covered with
vegetation representative of desert grassland.

2.1.3 Constituents of Concern Source Release Profile

The discharge of small arms at the range over time released amounts of regular and
irregular shaped lead alloy particles of bullets and shot gun pellets to the surface areas of
the range and at various depths into the earthen entrapment berm. Shot gun waddings
were released to the surface area of the USBP firing range as a result of the discharging of
shot guns.

2.14 Land Use and Exposure Profile

According to the 2006 Census, the population of the city of Nogales was 21,017. The
USBP firing range encompasses approximately one-half acre of shooting range property
and empty rangeland. The property has been previously used as a USBP small arms
firing range. This activity has since ceased. The property is currently idle. There are no
major thoroughfares in the vicinity of the site.

The USBP firing range property is unfenced, although there is a locked gate on the main

road to the site. There is no signage at the site to indicate property boundaries or to ward
off trespassers. It is possible for cattle and other livestock from surrounding properties to
enter the site.

The only persons with access to the USBP firing range are the USBP staff and the
property owners. A potential does exist for trespassers to enter the area. Additionally,
fire fighting personnel and equipment may be required to enter the site to suppress brush
fires.

There are currently no known plans to redevelop the firing range.

There is currently no residential land use immediately adjacent to, or located within, the
USBP firing range.

2.15 Ecological Profile

The USBP firing range is situated within the Arizona Upland region of the Sonora
Desert. This area is characterized by high elevation and rugged terrain, containing
diverse habitats for a variety of desert and mountain-dwelling species. The site is located
within a valley of the Arizona Upland region. The acreage surrounding the site contains
multiple arroyos which serve as dry riparian habitats. Because the USBP firing range
property is unfenced, it is possible that local wildlife (including endangered species) from
these habitats could enter the site. There are no known sensitive or threatened habitat
areas in close proximity to the USBP firing range. (Arizona-Sonora Desert Museum,
2011)
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2.2

2.1.6 Migration Pathways and Mechanisms

Groundwater beneath the USBP firing range flows in a north to northeasterly direction
(Allwyn, 2009C). Based on the topography of surrounding land it is assumed
groundwater flow mimics the general direction of the topographic gradient. Surface
water flows at the site result from storm water runoff into arroyos. Historical firing range
practices that could have potentially resulted in COC impacts to the groundwater would
have infiltrated along a path through regolith and bedrock discharging to groundwater.
Historical analytical data indicate that some of the COCs were deposited onto or sorbed
to the surface and subsurface soils at various random locations.

Based on the low amount of precipitation and the desert climate, saltation by wind and
water are the major transport mechanism for COCs and soil particles. The rugged terrain
surrounding the site would cause multidirectional migration of both intermittent wind
borne and water borne particles and dissolved material causing a random depositional
pattern.

Current migration pathways are similar to historical ones. The cessation of firing range
activity at the site may reduce migration of COCs as the site is not disturbed thus
providing fewer loose particles for wind and storm water migration

PROJECT APPROACH

Based on the Conceptual Fate, Transport, Exposure model, and evaluation of available
data, the TPMC project team developed the project approach presented in this section.
The TPMC project team’s objective for this RI/FS was to perform a comprehensive
review of existing data and implement a sampling methodology involving subsurface soil
sampling to collect sufficient data to conduct a thorough evaluation of remedial
alternatives. The RI/FS Work Plan (TPMC, 2011) was prepared to address data gaps
regarding site conditions, and collect and evaluate sufficient data necessary to confirm
the presence or absence of COCs in site soils. The RI/FS Work Plan also contains
methodology for performance of composite and discrete sampling of subsurface soils in
order to collect the required data. Soil sampling field activities were conducted from 26
September to 5 October, 2011. The approach for soil sampling at the USBP firing range
is detailed below.

The RI/FS project field activities consisted of sampling and analysis of subsurface site
soils. Soil samples were analyzed to confirm the presence or absence, concentration, and
horizontal and vertical extent of the following COCs: lead, arsenic, and antimony. PAHs
samples were taken only to a depth of 12 inches bgs based on previous work sampling
and analysis and no penetration of source material for PAHSs. Soil samples that exceeded
TCLP toxicity characteristic for lead by twenty times were selected for TCLP analysis.
The sample analysis results are presented in Section 3.

Both discrete and composite soil samples were collected at the USBP firing range.
Twenty two discrete “grab” samples were collected within the USBP firing range at
locations determined by the Field Manager on the basis of visual evidence of soil
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2.3

24

contamination (bullet fragments, shotgun wadding, unusual soil characteristics, sediment
accumulation from contaminated areas, etc.). Composite soil samples were collected
from within sampling grids established by TPMC at the USBP firing range. The USBP
firing range was divided into sixteen 50 foot by 50 foot sampling grids. Each grid was
divided into four 25 foot by 25 foot sub-grids. A sample was collected in each sub-grid
at a location of visual evidence of soil contamination, and subsequently combined with
samples from the other sub-grids within the parent grid to form the composite sample.
Soil sample locations are presented in Figure 3.

One shallow and one deep subsurface soil sample was collected at each sampling
location. Shallow subsurface soil samples were collected from 0 to 12 inches bgs using a
disposable plastic scoop. Deep subsurface soil samples were collected at the shallowest
depth below 12 inches bgs at which an X-Ray Fluorescence (XRF) sensing instrument
did not register a value for lead, arsenic, and/or antimony that was above the USEPA
Region 9 Residential Regional Screening Levels (RSLs). These samples did not exceed a
depth of 48 inches bgs. Subsurface soil samples were collected using a decontaminated
hand auger or spud bar. All soil samples were passed through a number 8 and number 50
sieve prior to packaging and shipment to retain only the fine soil fraction.

PRELIMINARY REMEDIATION GOALS

Preliminary Remediation Goals (PRGS) is a term used to describe a project team’s early
and evolving identification of possible remedial goals. For the USBP firing range RI/FS
PRGs are based on USEPA residential RSLs (USEPA, 2011) and ADEQ SRLs. The
PRGs are used to determine whether levels of contamination found at the site may
warrant further investigation or site cleanup, or whether no further investigation or action
may be required. For this project, the residential exposure scenario is assumed for the
USBP firing range, which represents the most stringent and protective PRGs.

The USEPA RSL and ADEQ SRLs presented in Table 1 are chemical-specific
concentrations for individual COCs associated with soil. It should be emphasized that
USEPA RSLs are used as preliminary cleanup standards. Screening levels should not be
used as cleanup levels for a CERCLA site until the other remedy selections identified in
the relevant portions of the National Contingency Plan (NCP) (NCP, 40 Code of Federal
Regulations [CFR] Part 300) have been evaluated and considered.

IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

Section 121(d)(l) of CERCLA states that Remedial Action (RA) on CERCLA sites must
attain (or the decision document must justify the waiver of) Applicable or Relevant and
Appropriate Requirements (ARARS), which include environmental regulations,
standards, criteria, or limitations promulgated under federal or more stringent state laws.
An ARAR may be either applicable or relevant and appropriate, but not both. The NCP
(40 CFR Section 300.5) definition of applicable or relevant and appropriate is presented
below:
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Applicable requirements mean those cleanup standards,
standards of control, and other substantive requirements,
criteria or limitations promulgated under federal
environmental or state environmental or facility siting laws
that specifically address a hazardous substance, pollutant,
COC, remedial action, location, or other circumstance
found at a CERCLA site. Relevant and appropriate
requirements mean those cleanup standards, standards of
control, and other substantive requirements, criteria, or
limitations promulgated under federal environmental or
state environmental or facility siting laws that, while not
applicable to a hazardous substance, pollutant, COC,
remedial action, location, or other circumstance at a
CERCLA site, address problems or situations sufficiently
similar to those encountered at the CERCLA site that their
use is well suited to the particular site.

To qualify as a state ARAR under CERCLA and the NCP, a state requirement must be:
1) a standard, requirement, criterion, or limitation under a state environmental or facility
siting law; 2) promulgated (of general applicability and legally enforceable); 3)
substantive (not procedural or administrative); 4) more stringent than the federal
requirement; 5) identified by the state in a timely manner; and 6) consistently applied.

ARAR identification considers a number of site-specific factors including potential
Remedial Action (RA), compounds at the site, physical characteristics, and the site
location. ARARs are usually divided into three categories: chemical-specific, location-
specific, and action-specific.

USEPA guidance (USEPA, 1988a) recommends that the lead federal agency consult with
the applicable state when identifying state ARARs for RAs. CERCLA and NCP
requirements (40 CFR Section 300.515) for RAs specify that the lead federal agency will
request that the state identify chemical-and location-specific state ARARs after
completion of site characterization. The requirements also specify that the lead federal
agency request identification of all categories of state ARARs (chemical-, location-, and
action-specific) upon completion of identification of remedial alternatives for detailed
analysis.

This section addresses potential ARARs for CERCLA hazardous substances.
24.1 Potential Chemical-Specific ARARS

Chemical-specific ARARSs are health- or risk-based numerical values or methodologies.
These values are protective of human health and the environment, and establish the
acceptable amount or concentration of a chemical that may be found in or discharged to
the ambient environment. For the USBP firing range site the potential media of concern
is soil. Lead, antimony, arsenic and PAH contamination was detected above ADEQ
Residential SRLs and USEPA Residential RSLs for soil, indicating a chemical hazard to
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human health or the environment exists at the USBP firing range. The ADEQ residential

SRLs and USEPA residential RSLs for soil have been selected for the preliminary
cleanup levels for chemical COCs at the site and are shown in the following table:

Preliminary Site Cleanup Levels

Arizona SRLs USEPA RSLs
; Non- ;
Constituent Residential Residential Residential Industrial units
ASRL (1) ASRL (1) RSL RSL

Inorganics
Antimony 31 410 31 410 mg/kg
Arsenic 10 10 0.39 1.6 mg/kg
Lead 400 800 400 800 mg/kg
Poly-Aromatic Hydrocarbons
Benzo(a)anthracene 0.69 21 0.15 2.1 mg/kg
Benzo(a)pyrene 0.069 2.1 0.015 0.21 mg/kg
Benzo(b)fluoranthene 0.69 21 0.15 0.21 mg/kg
Benzo(g,h,i)perylene NA NA NA NA mg/kg
Benzo(K)fluoranthene 6.9 210 15 21 mg/kg
Chrysene 68 2,000 15 210 mg/kg
Fluoranthene 2,300 22,000 2,300 22,000 mg/kg

SRL = Arizona soil remediation levels
RSL = USEPA regional screening levels

Groundwater and surface water were removed from consideration in the RI planning
phase as potential chemical exposure pathways because there was no indication of lead,
arsenic, antimony or PAH contamination of these media from USBP activities. Also,
based upon evidence from climate, site geology, and depth to groundwater, vertical
solution migratory pathways were seen as incomplete pathways to groundwater.

2.4.2 Potential Location-Specific ARARs

Location-specific ARARS govern activities in certain environmentally sensitive areas.
These requirements are triggered by the particular location and the proposed remedial
activity at a site. No potential location-specific ARARs have been indentified for the
USBP firing range

2.4.3 Potential Action-Specific ARARs

Action-specific ARARSs are restrictions that define acceptable treatment and disposal
procedures for hazardous substances. These ARARs generally set performance, design,
or other similar action-specific controls or restrictions on remedial measures. The
following potential action-specific ARARs have been identified for the USBP firing
range:
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2.5

* CFR -40 CFR 262, Standards Applicable to Generators of Hazardous Waste,

» 40 CFR 266, Standards for the Management of Specific Hazardous Wastes and
Specific Types of Hazardous Waste Management Facilities.

« 40 CFR 262 and 266 requirements for waste generators to consider if any
contaminated soils are generated during remediation that require disposal.

DATA NEEDS AND DATA QUALITY OBJECTIVES

The data and information derived from previous investigations presented in Section 1.5
was used to conduct a data evaluation. The data evaluation presented in this section
documents data gaps and specific data needs established for the project to obtain
representative data of sufficient quality to support the Human Health Assessment (HHA)
and Ecological Risk Assessment (ERA), to provide a basis for the RAOs, and to evaluate
a focused set of remedial alternatives for the USBP firing range.

The following subsections discuss the procedures used to evaluate data from previous
investigations and assess data needs of the RI.

2.5.1 Data Needs Evaluation Methodology

This section presents the methodology used to evaluate COC data for the USBP firing
range RI. The objective was to determine if sufficient data was available to characterize
the nature and extent of COCs, and support the evaluation of RAs in the FS. The nature
and extent of COCs in site soils were evaluated based on data collected during the 2009
Phase Il ESA (Allwyn, 2009C).

Firing range operations resulted in the accumulation of spent small-arms ammunition,
shotgun wadding, fragments of clay pigeon targets and other small arms-related solid
waste on the ground surface. The Interstate Technology and Regulatory Council (ITRC)
Classification and Remediation of Soils and Closed Small Arms Firing Ranges guidance
document (ITRC, 2003) states that “Small arms ranges may contain lead, antimony,
copper, zinc, arsenic, and PAHs that may leach from bullets and fragments, bullet jackets,
and related sporting material (e.g. clay targets)”. Lead, antimony, arsenic, and PAHs are
regulated under the Resource Conservation and Recovery Act (RCRA) and CERCLA,
and therefore are considered to be Constituents of Potential Concern (COPCs).

Sixteen discrete surface soil samples, 135 composite surface soil samples, and 135
composite subsurface soil samples were collected on the adjacent Parcel Numbers 113-
49-006 and 113-49-027 (west of the firing range) and analyzed for lead, arsenic, and
antimony. Thirty one composite surface soil samples and thirty one composite
subsurface soil samples were also collected from the same parcels and were analyzed for
PAHSs. Lead, antimony and PAHs were detected in soil samples from the Phase 11 ESA
study area in concentrations exceeding USEPA residential RSLs. The project team
determined that none of the soils sampled and analyzed in the Phase Il ESA were taken
on the USBP firing range and that no soil samples were taken below 6 inches bgs. This
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requires that on-site sampling and analysis of the USBP firing range site was necessary.
The project team identified these as the data gaps.

2.5.2 Data Quality Objectives Reconciliation

DQOs are qualitative and quantitative statements that specify the quality of data required
to support decisions. DQOs are developed and implemented to achieve a level of data
quality required to meet project goals, and are both legally and scientifically defensible.
Development of DQOs for a specific site must consider project needs, types of data, data
uses, and data collection. These factors determine whether the quality and quantity of
data are adequate for their end use. TPMC followed USEPA Guidance on Systematic
Planning using the Data Quality Objectives Process (USEPA, 2006). The DQOs
developed for COC sampling are presented in the QAPP (TPMC, 2011). Data types
applicable to project DQOs include Global Positioning System (GPS) sample location,
and soil sample laboratory analytical results. Reconciliation of GPS data to project
DQOs was accomplished by proper use, maintenance, and calibration procedures as
evidenced in the project field notebooks (Appendix 3). Reconciliation of soil sample
analytical results to chemical-specific DQOs is presented in Table 1.
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3.0

NATURE AND EXTENT OF CONSTITUENTS OF CONCERN

This section presents a summary of COC characterization performed at the USBP firing
range during the RI, details the extent of COCs, and provides a revised CFTE site model.
This information has been verified by project QA procedures, and may be utilized to
evaluate possible RAs.

A total of sixty soil samples were collected at the USBP firing range in Nogales, Arizona.
Thirty eight soil samples (sixteen composite samples and twenty two discrete ‘grab’
samples) were collected from 0-12 inches bgs. Twenty two soil samples (sixteen
composite samples and six ‘grab’ discrete samples) were collected at a depth below 12
inches bgs where the XRF instrument reading did not exceed USEPA Residential RSLs
for antimony, arsenic, and lead. All sixty soil samples were analyzed for the presence of
antimony, arsenic, and lead. Ten surface soil samples were analyzed for the presence of
PAHSs.

Soil sample locations are provided in Figure 3. Shallow and deep soil sample analytical
results are provided in Figures 4 through 11 and Tables 2 through 4, and are summarized
in the paragraphs below.

Arsenic

Sixty out of sixty soil samples contained concentrations of arsenic above the USEPA
residential RSL of 0.39 mg/kg. Arsenic concentrations ranged from 4.4 mg/kg
(composite sample BPN-14D14, central firing range) to 22.8 mg/kg (composite sample
BPN-13S, west central firing range, east side of backstop berm). However, it should be
noted that in the 2009 Phase 11 ESA of Parcel Numbers 113-49-006 and 113-49-027,
Allwyn Environmental collected five background samples north of the USBP firing range
(outside of the USBP firing range area), each of which contained arsenic concentrations
that exceeded the USEPA industrial RSL 410 of mg/kg. Additionally, the USBP firing
range property is located within an area that contains sediments and soils primarily
derived from volcanic rocks. Shacklette and Boerngen, 1984 sampled soils derived from
volcanic rocks in northern New Mexico which contained naturally-occurring levels of
arsenic ranging from10 mg/kg to 40 mg/kg. Arsenic is therefore not considered a
prominent COC for the USBP firing range because it has been demonstrated that the
concentrations of arsenic in site soils are consistent with naturally occurring levels of
arsenic for the area.

Lead

Fifty out of sixty soil samples contained concentrations of lead above the USEPA
residential RSL of 400 mg/kg. Forty six out of sixty soil samples contained
concentrations of lead above the USEPA industrial RSL of 800 mg/kg (Figures 4 and 8).
The highest concentration of lead was detected in a discrete ‘grab’ sample BPG-3S
(southwest firing range, on eastern slope of backstop berm) at 49,300 mg/kg.
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3.1

Antimony

Twenty seven out of sixty soil samples contained concentrations of antimony above the
USEPA residential RSL of 31 mg/kg. Four out of sixty soil samples contained
concentrations of antimony above the USEPA Industrial RSL of 410 mg/kg. The highest
concentrations of antimony were detected in the soil samples BPN-13S (composite, west
part of the firing range on the east slope of backstop berm) and BPG-3S (discrete ‘grab’,
southwest part of the firing range on the east slope of backstop berm) at 454 mg/kg.

Polynuclear Aromatic Hydrocarbons

PAH compounds were detected in six of the nine shallow composite soil samples and in
one discrete shallow ‘grab’ soil sample (BPG-20S) analyzed for PAHs. Five composite
soil samples and the discrete ‘grab’ soil sample contained concentrations exceeding their
respective USEPA residential RSLs for at least one of the following PAH compounds:
benzo (a) anthracene, benzo (a) pyrene, and benzo (b) fluoranthene. Benzo (g, h, i)
perylene, a PAH which does not currently have a designated RSL or ADEQ SRL, was
detected in one composite surface soil sample and in the discrete ‘grab’ soil sample.

Toxicity Characteristic Leaching Potential

Five soil samples were analyzed by TCLP arsenic and lead. Each TCLP lead sample
result was above the laboratory Limit of Quantitation (LOQ), and ranged from 3.4
milligrams per liter (mg/L) to 1,930 mg/L. Four of the five samples contained
concentrations of lead above the USEPA TCLP toxicity characteristic concentration of 5
mg/L. Soil sample BPG-3S was the only TCLP sample that yielded a concentration of
Arsenic above the LOQ), at a concentration of 0.25 mg/L.

SOURCES

The COC sources at the site are related to firing range operations. The primary source
for COCs is the presence of abandoned bullets, bullet fragments buried and on the
surface. Surface sources of PAHs are plastic shotgun wadding, and fragments of clay
pigeon targets littering the ground surface at the USBP firing range. These source
materials were also present in soil samples collected from the firing range soils prior to
sieving. The number of spent ammunition and shooting target-related source material
items extracted from USBP firing range soil samples during sieving is provided in Table
5. The bullets and bullet fragments present on the ground surface have contributed
particles of lead, antimony, and arsenic to site soils as they have weathered over time.
Similarly, the PAH compounds present in site soils are a result of the gradual degradation
of the plastic shotgun wadding and clay pigeon targets littering the ground surface
(USEPA, 2003).

Secondary sources of COCs at the USBP firing range are areas of the firing range that
have been reworked by earth moving equipment and storm water runoff. The earthwork
bullet trap berm and parking lot areas have been reworked moving the initial COCs to
different locations, vertically and horizontally in terms of the surface and subsurface.
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3.2

Site sediments have migrated along the storm water pathway in a northeast direction from
the USBP firing range.

VADOSE ZONE AND PHREATIC ZONE
Vadose Zone

The vadose zone is defined as the layer of regolith and/or bedrock between ground
surface and the upper limit of the phreatic zone (the confined or unconfined water table).
Based on the information provided in a well driller report from a well located within
close proximity to the site (ADWR Well N0.55-636229), and regional groundwater
levels, groundwater is located approximately 40 to 135 feet bgs. The RI characterized
vadose zone soils in two intervals, vadose zone soils from 0-12 inches bgs (shallow), and
vadose zone soils from 12 to 42 inches bgs (deep).

Arsenic, lead, and antimony have been detected in shallow vadose zone soils above
USEPA residential RSLs. The PAH compounds benzo (a) anthracene, benzo (b)
fluoranthene, and benzo (a) pyrene have also been detected in surface vadose zone soils
above USEPA residential RSLs. PAHs were not analyzed from the deep vadose zone
soil (> 12 inches) based on previous studies on adjacent properties showing no PAHs
below 3 to 4 inches bgs and only two surface samples out of 135 samples showing PAHs
above USEPA residential RSLSs..

The horizontal extent of COCs in vadose zone soils includes the whole firing range area
with the exception of northwestern grid square N-4 outside of the firing range (Figure 4).
Generally, the highest concentrations of COCs are found in the southwestern portion of
the USBP firing range, along the southern half of the backstop berm (Figures 4-13, Table
2). Elevated concentrations of lead were also identified near debris piles at the
southeastern corner of the firing range (8,480 mg/kg 0-2 inches bgs and 4,120 mg/kg at
30 inches bgs in the composite soil sample from grid N-59) (Figure 4).

The vertical extent of COCs in the vadose zone soils was found to be less than 42 inches
bgs in all but one sample. The deepest vadose zone soil sample, sample BPG-22 at 42
inches bgs, in the southwest back stop berm (Figure 8) contained a concentration of lead
sixty two times greater than the USEPA residential RSL and 31 times greater that the
USEPA industrial RSL, as well as concentrations of arsenic and antimony above USEPA
residential RSLs. However, seven out of the sixteen total subsurface composite samples
(to a maximum depth of 30 inches bgs) did not contain concentrations of lead or
antimony above their respective USEPA residential RSLs. The vertical extent of COCs
within the vadose zone soils is presented in Figures 4 through 13 and Table 3.

These results have been determined to be reliable and usable. Analytical results of
QA/QC rinsate samples demonstrating that cross-contamination did not occur during
sample collection are provided in Table 6.
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3.3

Phreatic Zone

The phreatic zone is defined as the saturated area of regolith and bedrock below the water
table or confined saturated zone. The groundwater beneath the firing range was not
sampled and analyzed for the firing range COCs based on the referenced depth to
groundwater, 40 to 135 feet bgs, the low rainfall (less than 18 inches per year) the high
evapotransporation and evaporation rate and the low solubility of the firing range COCs.
Based on these physical and chemical conditions characterization of migration of site
constituents to groundwater was not considered to be a relevant migration pathway for
this RI.

REVISED CONCEPTUAL FATE, TRANSPORT, AND EXPOSURE MODEL

Based on the findings of the RI, the CFTE site model for the USBP firing range has been
revised to incorporate new data regarding the nature and extent of contamination. The
revised CFTE site model describes sources of chemical contamination, mechanisms of
release and migration, actual and potentially complete or incomplete exposure pathways,
overall migration of released materials, current or reasonably anticipated land use, and
potential site receptors. The revised CFTE site model is based on two dependant
components:

1) COC fate and transport principles related to the constituents’ ability to be
degraded or migrate in the environment, and stabilization, solidification, abiotic
and/or biological degradation, advection, diffusion and dispersion of materials in
the environment.

2) An assessment of potential exposure pathways to evaluate the potential impacts of
released materials on human and ecological receptors.

The potential contact of human and ecological receptors to released materials in
environmental media is evaluated in the context of the physical fate and transport of
sources and the presence of receptors at various exposure points or areas. The exposure
assessment identifies the preliminary receptors, exposure media, exposure routes, and
exposure points/areas that require further evaluation in a risk assessment. The revised
site conceptual model is presented in Section 4.

The fate, transport and exposure assessment follows current USEPA guidance for
sampling and risk analysis (USEPA, 2000, 2003). This guidance is applied to focus the
investigation on receptors and exposure pathways that are most likely to represent
potentially significant sources of COCs.

3.3.1 Facility Profile

The facility profile characterization has not been affected by RI findings.

TERRANEARPMC, LLC 3-4 JUNE 14
CONTRACT NO. W9126G-06-D-0016, TASK ORDER NO. 0039 FINAL



14

15
16
17
18
19
20

21
22
23
24
25
26
27

28

29
30
31

32

33
34
35

Volume | Remedial Investigation Report
U.S. Border Patrol Firing Range
Nogales, Arizona

3.3.2 Physical Profile
The physical profile characterization has not been affected by RI findings.
3.3.3 Constituents of Concern Release Profile

The discharge of small arms at the range over time deposited amounts of regular and
irregular shaped lead alloy particles of bullets and shot gun pellets on to the surface and
into the subsurface of the firing range and at various depths into the back stop berm.
Plastic wadding and fragments of clay pigeon target debris were deposited on the surface
and in the subsurface of the USBP firing range as a result of the discharging of shot guns.
The presence of these items on the ground surface and in the subsurface has been
confirmed by RI findings. Photographs of these items exposed on the ground surface are
provided in Appendix 4. Bullets, bullet fragments, shot gun pellets, and shotgun plastic
wadding and fragments of clay pigeon target debris have been identified in the Rl as being
the source of COCs detected in site soils.

3.34 Constituents of Concern Source Origins

Historical and RI analytical data indicate that COCs were deposited onto the surface or
sorbed to the soils throughout the USBP firing range study area. Based on the low
amount of precipitation and the desert climate, saltation by wind and water is the major
transport mechanism for COCs and regolith particles. The rugged terrain surrounding the
site would cause multidirectional migration of both intermittent wind borne and water
borne particles and dissolved material causing an inconsistent depositional pattern.

The TCLP analysis indicates the potential for lead to leach from site surface soils into the
subsurface and surface runoff waters during seasonal heavy rain events. Leaching of
COCs is considered to be limited based on the chemical and physical properties of the
COCs and the known climate and hydrologic conditions at the firing range site. If COCs
were to leach into the soils and/or runoff waters and remain in solution for a significant
amount of time, the COCs may reach surface drainages (arroyos) and groundwater
(dependant on actual site depth to groundwater).

3.35 Land Use and Exposure Profile

The land use and exposure profile characterization has not been affected by RI findings.
Potential receptors identified in Section 2.1.4 have been evaluated in the Human Health
Risk Assessment provided in Section 5.1.

3.3.6 Ecological Profile

The ecological profile characterization has not been affected by RI findings. Potential
ecological receptors identified in Section 2.1.5 have been evaluated in the ERA provided
in Section 5.2.
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4.0

4.1

CONSTITUENTS OF CONCERN FATE AND TRANSPORT

The RI has determined that COCs are present in surface and subsurface soils at the USBP
firing range at concentrations above regulatory screening levels. The fate of COCs in
USBP firing range soils is affected by geological, meteorological, and human factors
which are anticipated to remain relatively constant. COCs that have been determined to
be present in the USBP firing range vadose zone soils include lead, antimony, and PAHSs.
Arsenic is not being considered as a COC for determination of COC fate and transport
because concentrations of arsenic detected in firing range soil samples are within the
range of naturally occurring concentrations.

The following subsections provide the analysis of potential routes of migration for USBP
firing range COCs and detail the persistence and active migration of these COCs. The
information presented in these sections has been obtained by research of Agency for
Toxic Substances and Disease Registry Toxicological Profiles for lead, antimony, and
PAHSs; as well as scientific publications regarding fate and transport of firing range
COCs. Lead and antimony present in the fine fraction of USBP firing range vadose zone
soils will gradually oxidize, and may be subject to on-site and off-site transport. PAHs
present in vadose zone soils will eventually decompose by microbial degradation, and
also may be subject to on-site and off-site transport.

POTENTIAL MECHANISMS OF MIGRATION

Aeolian (wind)Transport - USBP firing range COC particles originating from bullets,
bullet fragments, clay pigeon targets and plastic shotgun wadding may be transported by
wind. Migration would occur either down slope or along the prevailing wind direction.
COCs would migrate by suspension or saltation, a specific type of particle transport by
which a fluid removes loose material from the ground surface, carries the material, and
deposits it back onto the surface at some distance from the previous position, and then
repeats. Distance of transport may range from a few inches to many miles over the
course of one day.

Mass Wasting - Mass wasting is the geomorphic process by which regolith, or rock
moves down slope under the force of gravity. When the gravitational force acting on a
slope exceeds its resisting force, slope failure (mass wasting) occurs. This form of
transport is mainly relevant to the slopes of the backstop berm, which contains COCs that
are subject to mass wasting, transporting these materials down slope. Mass wasting of
such a feature may be expected to occur at a very slow rate. Mass wasting should be
considered a primarily on-site form of COC migration.

Dissolution by Storm Runoff -The USBP firing range site experiences occasional, short
periods of heavy precipitation during the late summer months capable of producing flash
floods. Runoff resulting from heavy precipitation may produce dissolved COCs from
spent small arms munitions. The amount of soluble COC metals in storm water depends
upon the pH of the water and the dissolved salt content. The solubility of lead at pH>5.4
is 50 micrograms per liter (ug/L) in water of high salt content, and 200 pg/L in water
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with low salt content. These concentrations of lead exceed the USEPA Maximum
Contaminant Level (MCL) of 15 pg/l. Solubility increases as pH decreases. Because pH
of rainwater at the USBP firing range may be expected to be <5.4, lead and lead
compounds may be considered to be soluble in storm water discharges. Antimony is not
significantly soluble in water.

The PAH compounds benzo (a) anthracene, benzo (b) fluoranthene, and benzo (a) pyrene
have low solubilities (10 pg/L, 2.3 pug/L, and 1.2 pg/L, respectively), which are soluble to
concentrations above their respective USEPA screening levels. Because of their low
solubility and high affinity for organic carbon, PAHSs in aquatic systems are primarily
found sorbed to particles that have either settled to the bottom or are suspended in the
water column. Lead, lead compounds, and to a lesser degree PAHs, may be transported
on-site or off-site by storm water discharges resulting from heavy precipitation. The
distance of transport may range from a few meters to many miles.

Sediment Transport by Storm Runoff - COCs and source materials may be transported in
arroyos as sediments by flashy runoff discharges following heavy precipitation. The
COCs and source media would migrate by suspension and/or saltation. This form of
migration could transport COCs downstream during rain events. Storm runoff sediment
transport can result in off-site COC migration.

Leachate Transport - COC leachate traveling downward through the vadose zone has the
potential of migrating COCs downward towards the phreatic zone. Leachate is any liquid
that, in passing through matter, extracts solutes, suspended solids or any other component
of the material through which it has passed. Firing range soil leachate may contain
dissolved COCs. TCLP samples from the USBP firing range have demonstrated that lead
has the potential for entering water at concentrations above the USEPA toxicity
characteristic of 5 mg/L. There is no TCLP analysis for antimony and PAHSs.

Once in solution, lead is likely to precipitate as less soluble lead compounds, absorb on to
mineral or organic soil components, or be taken up by plants or other organisms that
inhabit the soil. Antimony is not significantly soluble in water. Dissolved lead, lead
compounds, and to a much lesser degree PAHs, may be transported downward by
infiltrated water towards the groundwater; however, geologic conditions at the USBP
firing range limit the migration of leachate to groundwater. The soil present in the
vadose zone at the USBP firing range “acts like a large sponge to hold infiltrated water
and percolation increases as soils get wetter until the point of saturation, which is rare in
dry areas like Nogales, where the soil mantle has the first opportunity to intercept the
precipitation and little to no groundwater recharge occurs” (USGS and ADEQ, 2002).
Lead, lead compounds, and PAHs are able to migrate downward through the subsurface
at very slow rates (a few millimeters to a few inches every year, depending on physical
and chemical factors), and are unlikely to reach the phreatic zone at approximately (40 to
100 feet bgs. (Hardison, 2003)

Volatilization - PAH compounds have a limited potential to volatilize, transporting
contamination from USBP firing range surface soils into the atmosphere. Once present in
vapor form, PAHs may be transported hundreds of miles from the site by air currents.
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4.2

However, volatilization is not an important migration mechanism for the PAH
compounds detected in USBP firing range soils above USEPA residential RSLs.
Volatilization is not expected to be a significant migration pathway for PAH
contamination. Lead and antimony do not undergo volatilization and would not migrate
into the atmosphere.

Biotic Uptake - Lead may be taken up in edible plants from the soil via the root system.
The amount of lead in the total plant body correlates strongly with the concentration of
lead in the soil. Biotic uptake is not a significant migration pathway for antimony and
PAHSs, as these COCs are not readily taken up by plant life. This mode of transport is
primarily on-site. Animal life may ingest COCs present in plant tissues. An ERA,
including an assessment of biotic uptake of COCs, in included in Section 5.

CONSTITUENTS OF CONCERN PERSISTENCE

COCs expected to persist in vadose zone soils at the USBP firing range can be segregated
into two categories: elemental COCs and compound COCs. Lead and antimony are
elemental COCs, meaning that concentrations of these COCs will neither decrease nor
increase significantly with time, unless RA is performed or another release occurs. PAHs
are compound COCs and, unlike elemental COCs, are subject to gradual degradation and
formation of breakdown products.

Elemental lead present in site soils is anticipated to gradually oxidize, forming a variety
of oxide and carbonate minerals including Anglesite (PbSQO,4), Massicot and Litharge
(PbO), Cerrusite (PbCO3), and Hydrocerrusite [Pb3(CO3)2(OH),]. Each of these minerals
have low solubility, and therefore are unlikely to migrate, but are still of environmental
concern to on-site receptors because of the negative health effects of high concentrations
of lead even when present in compounds. Metallic lead is transformed to secondary lead
minerals at rate of approximately 4.8% over a period of 20-25 years. (ATSDR, 2007; Cao
et. al., 2003; Hardison, 2003)

Little is known about the behavior of antimony in soil during weathering. In aerobic
surface soils, oxidation generally occurs. Weathered antimony would be expected to
form oxide and carbonate minerals in USBP firing range soils. However, the fraction of
antimony transformed to secondary minerals would be expected to make up only a small
amount of the total antimony, leaving the majority of the antimony present in the
elemental metallic form, for the foreseeable future. Antimony is not readily oxidized
under neutral conditions. The rate of transformation of antimony to secondary antimony
minerals has not been defined, but may be expected to occur at an extremely low rate.
(ATSDR, 1992)

PAH compounds present in USBP firing range soils will degrade and break down over
time by the process of aerobic biodegradation. Abiotic degradation is insignificant for
PAHs containing four or more aromatic rings, which is the case for PAHs detected in
USBP firing range soils above USEPA residential RSLs. Based on laboratory
experimentation, the estimated half-lives of the COC PAHSs in firing range soils are:
benzo (a) anthracene, 162-261 days; benzo (b) fluoranthene, 211-294 days; benzo (a)
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pyrene, 229-309 days. Although the pathways of microbial degradation are well known
for benzo (a) pyrene, degradation pathways for the other COC PAH compounds are
largely unknown. Metabolism of PAHSs by bacteria and eukaryotic microorganisms
includes the formation of dihydrodiols and carboxylic acids. (ATSDR, 1992; Mrozik et
al., 2004)

4.2.1 Physical Factors

Physical factors affecting COC persistence in USBP firing range vadose zone soils
include temperature, precipitation, soil moisture content, and soil compaction.
Weathering of lead and antimony, and biodegradation of PAHSs, should correlate
positively with higher temperatures, the presence of water, and aeration of firing range
soils. The corrosion of lead is dependent on a water layer that forms on the metal
surface, which acts as a medium for the diffusion of atmospheric gases (demonstrates the
importance of aeration of site soils), which attack the metal surface and leads to the
formation of secondary lead minerals and subsequent dissolution of lead into solution.
This process should also apply to antimony, although antimony would generally be more
resistant to corrosion and weathering. Bacteria responsible for biodegradation of PAH
compounds are more active in environments with greater availability of water and
oxygen. Nogales’ climate is typically sunny and dry, with low relative humidity.
Temperatures range from 27.3°F in January to a high of 95.3°F in June. The USBP firing
range receives little rain or snow, averaging about 17.21 in of precipitation per year. Soil
types present at the USBP firing range may be considered fairly aerated.

4.2.2 Chemical Factors

Chemical factors affecting COC persistence in USBP firing range vadose zone soils
include:

Soil pH - The transformation of lead to lead carbonates is influenced by elevation in soil
pH. As soil pH increases the amount of lead that is transformed is dramatically
decreased. Although little is known about the weathering processes for antimony, it is
likely that the same effect would occur for the formation of antimony carbonates, but that
the effect would be less dramatic due to antimony’s general resistance to weathering.

The soil pH at the USBP firing range ranges from slightly acidic (pH 6) to slightly
alkaline (pH 8) (USDA, 1979).

Availability of Carbonate - The greater availability of carbon dioxide (CO,) and
carbonate in soil allows for a more rapid transformation of lead and antimony into
secondary carbonate minerals. The soil types present at the USBP firing range contain
low amounts of carbonate (~1%)

Availability of Phosphorus - High availability of phosphorus in site soils with
constituents of lead would allow for the formation of the secondary lead phosphate
minerals. Lead phosphate minerals, in contrast to lead carbonates, sulfates, and oxides;
are extremely insoluble and are not bioavailable. The soil types present at the USBP
firing range contain little to no phosphorus.
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4.3

Soil Organic Matter - The absence of soil organic matter impedes the transformation of
metallic lead to massicot and lead carbonates. This is most likely due to the decreased
availability of CO, as a result of the lack of organic matter. Microbial communities
oxidize organic matter in soil, producing CO,. As a result, CO; in soil air is often several
hundred times more concentrated that what is typically found in the earth’s atmosphere.
Also, organic acids (such as formic and acetic acid) have been implicated in the
accelerated corrosion of lead bullets in shooting range soils. In soil rich with humus the
rate of lead transformation to secondary minerals is elevated to 15.6% within a 20-25
year span, compared to a rate of 4.8% in mineral soils over that same time period.

Concentration of Lead and Antimony in USBP Firing Range Soil - The rate of
biodegradation of PAHs may be altered by the degree of lead and antimony
contamination. Half-lives of PAHs may be longer in soils containing concentrations of
lead and/or antimony that are toxic to degrading microorganisms. Reduced
biodegradation of PAHs have been reported in soil containing a chemical toxic to
microorganisms.

4.2.3 Biological Factors

Biological factors affecting contamination persistence in USBP firing range vadose zone
soils include the prevalence of vegetation and PAH-degrading microorganisms.
Antimony contamination persistence is not affected by biological factors. As described
in Section 4.1, plants are able to take up lead into the plant tissues. Total uptake of lead
into plant biomass is expected to correlate positively with the amount of plant biomass
present at the residential USBP firing range.

The biodegradation of PAHs in USBP firing range soils is dependent upon the presence
and prevalence of microorganisms capable of degrading PAHs. Common bacterial
genera with species capable of degrading PAHSs include Arthrobacter, Bacillus,
Burkholderia, Mycobacterium, Pasteurella, Psuedomonas, Rhodococcous,
Staphylococcus, Sphingomonas, and Terrabacter. (Seo et al., 2009)

CONSITUENTS OF CONCERN MIGRATION

Potential mechanisms of vadose zone soil COC migration at the USBP firing range are
analyzed in Section 4.1. Of these, aeolian transport, sediment transport by storm water
runoff, mass wasting, and leaching are considered to be the significant modes of COC
migration. Site conditions at the USBP firing range relevant to these modes of COC
migration indicate that COCs are actively migrating on-site and off-site (Figure 15).

Aeolian transport is considered to be the primary mode of COC migration at the USBP
firing range. The property lacks significant vegetative cover, allowing for surface COC
particles to become airborne and driven by winds. Aeolian transport of COC surface
particles is further facilitated by the relatively sandy, low density nature of the soil types
present at the surface. COCs are expected to migrate on-site and off-site by aeolian
transport down slope and along the prevailing wind direction. Consequently, COCs
should migrate to the north and to the northeast of the firing range. It is unclear if
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detections of COCs during the Phase 1l ESA of properties to the north of the firing range
are a result of aeolian COC migration, shooting activities at these areas, or both.

COCs may also migrate by sediment transport from flashy storm water discharges
produced by seasonal heavy precipitation. The property has been graded to a point that
the topography represents a shallow bowl, with the exception of the backstop berm, and
resides in a topographic low point relative to the surrounding landscape. Storm water
discharges are anticipated to concentrate COCs at the low point of the bowl, resulting in a
net on-site transport of COCs from the more heavily impacted backstop berm into the
bowl depression of the firing range.

Off-site sediment transport migration along storm water pathways is likely to occur at the
USBP firing range. An arroyo borders the USBP firing range along the western side, and
directly abuts the backstop berm along its western slope. Flash flood conditions that
regularly occur on a seasonal basis within this arroyo will erode the backstop berm along
its western slope and release contaminated soils into the bed of the arroyo. Rudimentary
erosion control materials (tires) are in place along the western slope of the backstop
berm, but do not sufficiently mitigate the threat of release. Once present in the bed of the
arroyo, COCs will be transported downstream along the bed of the arroyo by storm water
discharges. The arroyo drains to the northeast of the firing range. Arroyo sediments
directly northeast of the backstop berm were sampled during the 2009 Phase 11 ESA of
the properties adjacent to the USBP firing range, and contained concentrations of lead
exceeding the USEPA RSL of 400mg/kg. This finding provides supporting evidence that
lead COCs have migrated off-site due to sediment transport by storm water action.

Secondary storm water drainage also runs northeast-southwest directly northeast of the
covered firing area, and drains into the aforementioned bowl depression on site.
However, this secondary drainage should not be expected to receive significant drainage
and sediment transport under most rainfall event conditions.

Mass Wasting is expected to result in on-site and off-site transport of COC and small
arms debris. The area of the USBP firing range subject to mass wasting COC migration
is restricted to the backstop berm area. Migration would occur primarily to the east and
west. Mass Wasting works at a very slow rate, moving several inches per year.
Migration distance is restricted to the toe of the backstop berm slope, on either side.
However, mass wasting along the western slope of the backstop berm allows COCs to
move toward and into the arroyo, a location where the migration potential of COC media
by storm water is dramatically increased. Mass Wasting may be considered a
contributing factor to COC migration by sediment transport from storm water discharges.

Storm water is also expected to transport relatively minute amounts of COC metals and,
to a lesser degree, PAHs, as a dissolved fraction. COC metals and PAHs have low
solubility, but are soluble above their respective residential USEPA RSLs. COC media
present in the storm water discharges may release relatively small amounts of dissolved
COCs. Storm water transport of COCs as a dissolved fraction increases the rate of
migration of COCs compared to the slower transport of bed load sediments. Storm water
discharges may transport dissolved COCs downstream until they either; precipitate COCs
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by sorbing them onto particles suspended in the water (an important mechanism for
PAHSs), which then become subject to sediment transport; lose sufficient flow and
infiltrate into the ground surface; or combine with permanent surface water pathways
(e.g. Santa Cruz River). The dissolved COC transport risk is different for lead and PAHSs.
PAHs are not likely to remain in solution for a significant length of time, and so the
transport of dissolved PAHSs in storm water functionally increases the rate of migration
by a small fraction. Conversely, dissolved lead will not readily precipitate from the water
column in an agitated environment and is likely to remain in solution until the storm
water discharge infiltrates into the soil. However, dissolved concentrations of lead in
storm water discharges are not expected to pose a risk to off-site receptors as storm water
would have insufficient exposure time to uptake large amounts of lead from impacted
soils, and should be fairly diluted in the water column.

Leachate transport is expected to cause vertical COC migration. Leachate resulting from
on-site infiltrated storm water will transport dissolved lead and minor amounts of
dissolved antimony downward through vadose zone soils towards groundwater. Due to
the slow rate of leachate COC transport anticipated at this site (a few inches of downward
transport per year) and that the estimated depth to groundwater at the site ranges from 40
to 135 feet bgs, leachate will not transport COCs to the water table in the near term. The
RI subsurface soil sample analytical results indicate that lead at levels above the USEPA
residential RSL has migrated to a maximum depth of approximately four feet bgs. Given
an assumed time of activity at the range of eighteen years the rate of infiltration would be
approximately 2 inches per year, lead concentrations in excess of the USEPA residential
RSL would be expected to enter the phreatic zone (the water table contact of 40 feet bgs)
in approximately 240 years. This is a conservative estimate. Previous studies of Florida
Shooting Range soils [Hardison, 2003] have determined a rate of only 0.4 inches per
year.

4.3.1 Physical Factors

Physical factors for COC migration include wind speed, direction and duration, and
frequency and intensity of rain events. The severity of aeolian COC migration correlates
to wind speed and wind duration, which control how far wind transports contaminated
soil and source material. Wind speeds and duration vary on a seasonal basis. The
directionality of aeolian transport of COCs and source materials is controlled by wind
direction. Prevailing wind direction is from the south.

The intensity of precipitation determines the severity of flash flood events, correlating to
the distance traveled and amount of sediment containing COCs and source materials
transported by storm water. Nogales area rain events are seasonally very intense,
reaching approximately 2 inches per hour in some cases. Transport of COCs may be
retarded by the presence of clayey soils covering an area of ground surface, preventing
COC soils from being susceptible to storm water or wind action.
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4.3.2 Chemical Factors

The chemical factors for COC migration are soil moisture pH, surface water pH, the
availability of carbonate, and the availability of phosphorus. These factors are only
significantly applicable to lead. A lower soil moisture pH correlates to an increased
downward mobility of lead due to an increased uptake of lead into leachate of a lower
pH. A lower surface water pH correlates to an increased uptake of lead into storm water
discharges, resulting in an increased mobility of lead through surface water pathways.

The availability of carbonate and phosphorus in site soils would correlate with a
decreased mobility of lead. The greater availability of carbonate and phosphorus allows
for a more rapid transformation of elemental lead into less soluble carbonate and
phosphate lead minerals. These minerals dissolve into leachate and into surface water
less readily than does elemental lead and lead oxide. The effect is much more
pronounced for lead phosphate minerals, which are very insoluble and are also
marginally bioavailable.

4.3.3 Biological Factors

The biological factors for COC migration are the prevalence of plant life able to uptake
lead, antimony, and PAHSs; and the ability of animal species to enter the site and consume
plants that have taken up COCs. The prevalence of plant life should weakly correlate
with increased COC migration through biotic uptake. Bioconcentration in plant life has
not been observed in studies for any of the COCs that are present at the site and it is
documented that biotic uptake is not a major transport mechanism for these COCs
(ASTDR, 1992, 1997, and 2007). Therefore, ecological receptors are not a complete
pathway for significant COC migration.

TERRANEARPMC, LLC 4-8 JUNE 14
CONTRACT NO. W9126G-06-D-0016, TASK ORDER NO. 0039 FINAL



NOoO ok WODN

10
11
12
13
14
15
16
17
18

19

20
21
22
23
24

25

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

Volume | Remedial Investigation Report
U.S. Border Patrol Firing Range
Nogales, Arizona

5.0

5.1

RISK ASSESSMENT

A risk assessment was conducted to evaluate the potential risks the site poses to human
health and the environment. In accordance with the SOW, the risk assessment consists of
a HHA and an ERA. Because the site is an unremediated firing range, a phased approach
was employed to focus the risk assessment on implementation of remedial alternatives
that will reduce risks to within the acceptable risk range. These components are
discussed in more detail below.

HUMAN HEALTH EVALUATION

The HHA evaluated whether potential carcinogenic risks and non-carcinogenic hazards to
human health posed by the site exceed acceptable threshold levels. The HHA focused on
identifying whether potentially unacceptable concentrations of COCs may exist in soil on
site, the extent of potentially unacceptable concentrations of COCs in soil, and on
potential hazards associated with off-site migration of COCs. The HHA involved the
identification of potential exposure scenarios and comparison of soil data to regulatory
and risk-based screening criteria that are protective for the potential exposure scenarios.
This phase of the assessment includes the exposure assessment and comparison of site
data to screening criteria. Consistent with USEPA guidance, the HHA focused on
concentrations of COCs in the fine fraction of soil (USEPA, 2000).

511 Exposure Assessment

The exposure assessment provides a framework for problem definition and assists in the
identification of potentially exposed populations and appropriate remedial technologies,
if necessary. This assessment is based on the potential COC pattern and potential
migration mechanisms associated with the past use of the site as a firing range. COCs
related to former firing range operations include lead, arsenic, antimony, and PAHSs.

51.1.1 Constituent Fate and Transport Characteristics

An evaluation of constituent mobility and fate and transport characteristics was
performed for the COCs detected in site soil; Table 7 lists the COC physiochemical
properties. The propensity for constituents to preferentially partition to soil can be
evaluated based upon partitioning coefficients, such as the organic carbon-water
partitioning coefficient (Koc). Constituents with a log10 K, of less than three when
released to soil would be expected to be mobile and leach to groundwater (low to
negligible soil sorption). Based on this criterion, all of the organic COCs identified at the
site are not considered to be mobile. Water solubility (Sw), also known as aqueous
solubility, is the maximum amount of a substance that can dissolve in water at
equilibrium at a given temperature and pressure. The form of inorganic constituents such
as elemental metal or metal salts results in differing solubility’s; inorganic constituents
associated with ammunition are expected to be in metallic form and therefore, the
solubility of these COCs is limited. The COCs listed in Table 7 are not considered to be
highly soluble (greater than 100 mg/L). Thus, potential exposure to COCs focuses on
direct contact with COCs in soil.
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51.1.2 Human Health Site Conceptual Model

A human health site conceptual model was developed to document site conditions and
data regarding potential releases to the environment. The site conceptual model was
developed and used to compare the relative potential for COC at the site to impact human
health and the environment. The identification of potential receptors and exposure points
is presented in Figure 14. The following paragraphs evaluate these potential release
mechanisms and additional mechanisms for particulate materials in soil.

Constituents related to past activities are found in particulate form in soils at the site.
Although the particle size varies from the silt-sized fraction to gravel-sized fraction, the
majority of the mass of spent ammunition and targets remains in gravel-sized material. A
portion of the material is found in the smaller fraction and may be subject to release
mechanisms that would transport chemical constituents to additional media where
receptors may be exposed. USEPA guidance for performing risk analysis on small arms
ranges identifies incidental ingestion of soil as the main exposure pathway (USEPA
2003). Additional exposure pathways that are likely to be significant include inhalation
of dust or soil particles and offsite ingestion of homegrown vegetables.

Leaching of COCs from soil is not considered to be a significant potential migration
pathway based on the chemical and physical properties of the COCs and the known
physical, topographic, meteorological, and hydrologic conditions at the site described in
Section 4. Based on USEPA guidance, this pathway is considered to be an incomplete
exposure pathway, both on and off site (USEPA 2003).

Surface water runoff associated with storm water flow may have transported particulate
COCs from exposed surface soils. Based on physical, topographic and meteorological
conditions, the potential for COCs to migrate with soils in the arroyo is potentially
complete. Because the arroyo is located on an adjacent property, this migration pathway
has greater potential for receptor exposure off-site than on-site. However, based on the
limited size of the arroyo and the infrequent surface water flow within the arroyo,
exposure to surface water is considered to be insignificant. Potential off-site contact with
site-related constituents in arroyo soils is a complete pathway.

Potential inhalation exposure to COCs in dust may be a complete exposure pathway both
on and off-site. During active operations of the site, the surface soil was reworked
frequently as a result of projectile impact and reshaping of the back stop berm and
parking lot. Surface soil disturbance results in exposed particulate COCs that may have
been available for release and transport. Based on the low amount of precipitation and
the desert climate saltation by wind, aeolian transportation is the major offsite transport
mechanism for COCs. Although this exposure pathway is complete for all of the
potentially exposed populations both on and surrounding the site, potential exposure to
dust is insignificant, relative to direct contact with soils, for on-site workers and a
potential recreational user off site.
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51.1.3 Potentially Exposed Populations

Land use characteristics of a site and the surrounding area define the potentially exposed
populations. Potential receptors that could be exposed to COCs were selected based on
the current and future potential land use of the firing range and based on the potential
transport mechanisms of site COCs. The former firing range is currently inactive and
surrounded by undeveloped land. Future land use of the site and the surrounding area is
uncertain, therefore, conservative assumptions regarding potentially exposed populations
were selected to ensure that the risk assessment provided a conservative evaluation of
potential risks.

Direct contact with soil is a significant exposure pathway for all potentially exposed
populations both on and off site. Surface and subsurface soil contamination has been
indentified in on-site areas. Due to soil reworking and bullet penetration, potential
receptors could have had direct exposure both surface and subsurface soils.

Potentially exposed populations were selected based on current and potential future land
use both on and off-site. The current site land use is an inactive small arms firing range,
thus, if activity were to resume, only workers would be expected to have contact with
COCs on site. Under the current land use, if use of the range were to resume, USBP
agents would be expected to visit the site several times a month for training exercises;
however, training activities would be limited to a short duration. During infrequent
earthmoving activities, a construction worker could have contact with site COCs. Under
current land use, the off site area is undeveloped, thus potential exposure to populations
including industrial workers at adjacent properties, infrequent recreational use, or
potentially residential land use could occur. Under future land use conditions, an
assessment of potentially unrestricted land use both on and off-site is assessed based on
potential residential exposure.

This exposure assessment identified direct exposure to soil and dust as potentially
complete and significant exposure pathways for both on-site and off-site receptors. The
identification of potential exposure scenarios was the basis for selection of regulatory and
risk-based screening criteria that are protective for the selected exposure scenarios.

512 Selection of Screening Criteria

Based on this exposure assessment, risk based screening levels were selected to provide
an assessment of the potential for site conditions to pose potentially unacceptable risks to
human health.

This section provides a summary of the screening criteria selected to assess
environmental data collected as part of the RI. Constituent concentrations detected in soil
were compared to screening levels to identify constituents of potential concern (COPC)
for human health and the environment and constituents that exceed the applicable
screening criteria are identified as COCs. The screening levels were selected based on
current and potential future land use assumptions. Exceedances of screening levels do
not necessarily indicate that an unacceptable exposure exists. Rather, the screening levels
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serve to identify areas that do not require further consideration and those areas that will
be considered further in the FS.

5121 Current Onsite Receptor Screening Levels

Surface soil and subsurface soil contamination is found within the study area. The
current land use of the site is a firing range, thus the only human receptors would be
workers who are covered by the Occupational Safety and Health Administration (OSHA)
exposure standards (ITRC, 2003). Therefore, screening for the protection of on-site
workers using an industrial exposure scenario was conducted as a conservative
assessment of potential site exposures.

5122 Current Offsite Receptor Screening Levels

Off-site soil contamination was identified in the earthen berm immediately adjacent to the
site boundary during the 2011 sampling. Screening for the protection of off-site residents
or recreational users was performed using a residential exposure scenario. This scenario
is conservative for evaluation of potential off-site residential or recreational exposure
because the default exposure assumptions inherent in the residential screening level
overestimate potential exposure under the current off-site land use:

« 30-year duration of exposure to soil immediately adjacent to the site or in the
channel of the arroyo

« 350-days/year frequency of soil immediately adjacent to the site or in the channel
of the arroyo.

51.2.3 Future On and Off-site Receptor Screening Levels

Future land use of the site and the surrounding area will not be controlled by USBP;
therefore, residential land use was conservatively estimated as the future land use.

51.2.4 Screening Criteria Protective of Current and Future Land use

After identification of potential receptors is complete, a toxicity assessment is undertaken
to identify appropriate criteria to assess potential risks posed by site conditions. In this
screening risk assessment, the toxicity assessment is an integral component the screening
criteria development. For this risk assessment, the current and future land use and
potentially exposed populations resulted in the selection of screening criteria that were
consistent with the ARARs. As a result, most of the elements of the toxicity assessment
were performed by the regulatory agencies that developed the screening criteria.

Two sources of screening criteria were identified for comparison to COPC concentrations
in soil. The first is the potentially applicable Arizona regulatory standards, the ADEQ
SRLs (State of Arizona, 2007). Based on the exposure assessment, on site soils were
compared to nonresidential ADEQ SRLs to assess current land use while comparison of
soils to both residential and nonresidential ADEQ SRLs was performed to assess
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potential unrestricted future land use. Surface soil concentrations were also compared to
the USEPA regional RSLs for residential and industrial exposure screening criteria (see
Table 2) (USEPA, 2011) because these levels incorporate inhalation of particulate
emissions. The RSLs were based on a cancer risk of 1x10° and a hazard quotient (HQ)
of 1.0 (for noncarcinogens).

In addition, an assessment of toxicological endpoints for RSL-based screening criteria
was performed to determine if COPCs were detected with common toxicological
endpoints. Table 8 presents the detected COCs and their toxicological endpoints. In the
event that COCs with a shared endpoint had been detected, these constituents would have
been screened using RSLs based on a HQ of 0.1. Any positively detected constituent that
lacked a screening criterion was evaluated on a weight-of-evidence basis to determine if
it should be considered as a COPC.

Risk-based screening for lead was performed using Arizona and USEPA screening levels
that are calculated based on potential blood lead concentrations. The blood lead models
used to develop these screening levels consider both direct contact with soils and
potential incidental ingestion of lead through aeolian dust and dietary sources.

5.1.3 Comparison to Risk-Based Screening Levels

Evaluation of potential risks and hazards posed by exposure to soil was performed using
the COPC concentration in the fine fraction. Use of the fine fraction of soil for the
exposure point concentration was undertaken because this is the fraction of soil that is
likely to reflect enrichment of COPCs as a result of site activities and to be representative
of windblown dust, indoor dust, the fraction that would be incidentally ingested and was
used to calibrate relevant human health models (USEPA 2000, 2003). In this assessment,
all soil particles that passed through the #50 sieve size (less than 300 um) are considered
to represent the fine fraction of soil.

A comparison of shallow soil data to applicable screening criteria is presented on Table
2. Lead concentrations in shallow soil exceed both the Arizona and USEPA
nonresidential screening levels in all but one shallow soil sample. In addition, all but one
shallow soil sample also exceeds the Arizona and USEPA residential screening level.
Concentrations of antimony and arsenic exceed both residential and nonresident ADEQ
SRLs in surface soils, although exceedances are not as widespread as lead. PAH
compounds exceed applicable residential and industrial RSLs in five shallow soil
samples.

Exceedances of the nonresidential screening levels suggest that potentially unacceptable
risks or hazards could exist as a result of exposure to onsite soils under the current land
use if an agent or worker were exposed in a manner that is consistent with the default
exposure assumptions. Exceedances of the residential screening levels suggest that
potentially unacceptable risks or hazards may exist under the future unrestricted land use
scenario. Although data from outside of the firing range were not considered in this risk
assessment, comparison of onsite soils to residential screening levels was conservatively
assessed to estimate potential offsite exposure. Exceedances of the onsite soils to
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5.2

residential screening levels are likely to overestimate potential risks or hazards to offsite
receptors as a result of the following:

» The exposure duration and frequency to potentially impacted off site soils in the
arroyo is anticipated to be lower the default residential scenario,

» Offsite concentrations of lead in dust or soil as a result of firing range activities
are not anticipated to be as high as soils sampled on site.

In conclusion, based on the widespread exceedances of the lead ADEQ SRL in the fine
soil fraction, remedial decisions to address current soil conditions would be warranted.
Concentrations of antimony, arsenic, and PAHSs are co-located with elevated lead
concentrations, thus RAs that would address fine grained particulate lead in soil would
also address these constituents. Based on the distribution and concentration of lead in the
fine fraction of the soil, this constituent is the risk driver for remedial decisions.

SCREENING LEVEL ECOLOGICAL RISK ASSESSMENT

A screening level ecological risk assessment (SLERA) describes potential ecological
receptors, exposure pathways, and identifies constituents of potential ecological concern
through a comparison of the COC concentrations in soil to applicable ecotoxicity
screening values. Based upon the chemical release and transport mechanisms, potential
ecological receptor direct contact with COPCs in soil was identified as the most
significant exposure pathway. The methods used in conducting this assessment are
discussed below.

In the absence of ERA guidance from the State of Arizona, the SLERA was conducted
based on the USEPA’s primary guidance, Ecological Risk Assessment Guidance for
Superfund: Process for Designing and Conducting Ecological Risk Assessments
(USEPA, 1997). USEPA guidance recommends an eight-step process for ERA, of which
this SLERA represents the completion of the first two steps. These steps include:

« Screening-Level Problem Formulation and Ecological Effects Evaluation (Step 1);
and

« Screening-Level Exposure Estimate and Risk Calculation (Step 2).

At the conclusion of these two steps of the SLERA, according to USEPA, a
Scientific/Management Decision Point (SMDP) is reached, which is a risk management
review of the findings of the SLERA that leads to one of the following conclusions:

. Ecological risks are negligible and there is no need for remediation;
. Information is inadequate and further work is required to address data gaps;

- The information indicates a potential risk, and a more thorough evaluation is
warranted.
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It is notable that under the USEPA protocol for SLERA, a decision to remediate the site
is not a standard risk management option at the conclusion of the SLERA process. In
practice, however, risk management decisions are frequently made at various stages of
the ERA process, and a screening assessment is sufficient to guide remedy selection,
especially for former firing range sites.

5.2.1 Problem Formulation

Problem formulation establishes the goals and focus of the SLERA. Major tasks of
screening-level problem formulation consist of an assessment of the following:

« Environmental Setting;

. Site COCs;

« COC Fate and Transport Mechanisms and Migration Pathways;
. Potential Ecological Receptors;

. Complete Exposure Pathways; and

. Ecological (Assessment and Measurement) Endpoints.

The second and third bullets, site COCs and fate and transport mechanisms, were
presented in the HHA and have not been repeated in the SLERA. For the constituents
detected in soil at this site, both the COPCs and fate and transport mechanisms are the
same for human and ecological receptors.

521.1 Environmental Setting

Information from field observation indicates that no regionally significant and/or unique
habitats occur in the USBP firing range and adjacent parking lot. Habitat quality of the
site is low because the site is entirely disturbed as a result of mechanical earth reworking
in support of previous firing range activities. Most of the vegetation has been removed
on site, with the exception of pioneer grasses that are revegetating small portions of the
firing range and along a narrow strip adjacent to the earthwork back stop. Vegetation
remaining on site is typical of disturbed areas, consisting primarily of grassland and
scrub-shrub and Cholla cactus species. Immediately adjacent to the site, the area is
undeveloped and vegetation also represented by grassland and scrub-shrub. This
vegetation is not considered sensitive ecological habitat.

521.2 Identification of Potential Ecological Receptors

Potential ecological receptors were identified based on information collected during the
field investigation. Potential receptor identification focused on identifying receptors
inhabiting and potentially utilizing the terrestrial habitats under investigation. Based on
the disturbed nature of the site, limited wildlife usage of the site is anticipated.
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The potential for sensitive ecological receptors to inhabit or use the site was considered
as part of the SLERA. Potentially sensitive habitats such as riparian or aquatic
ecosystems are not present on or adjacent to the site. A review of the threatened or
endangered species for Santa Cruz County did not reveal any listed plant or animal
species that would be likely to use the site due to disturbed conditions associated with the
current land use.

5213 Identification of Complete Exposure Pathways

The primary exposure pathways to be addressed in a SLERA are influenced by the
physio-chemical properties of the COPCs and the biology and behavior of receptors.
These factors interact to define the various routes by which the chemicals originating at
the property could affect potentially exposed populations. Based on information
generated in the previous tasks, exposure pathways for soil are focused on potential direct
contact with COPCs. In particular, avian species specifically select grit that may fall
within the shot-sized particle fraction, thus avian incidental ingestion of ammunition
fragments represents a significant potential exposure pathway at the USBP firing range.

5214 Definition of Ecological Endpoints

The final component of the Problem Formulation phase of the SLERA is the definition of
ecological endpoints. Ecological endpoints are defined as measurable or estimable
biological or ecological attributes associated with one or more levels of biological
organization that serve as the focus of the risk assessment (USEPA, 1997). Levels of
biological organization can span and encompass the biochemical and cellular levels
through individuals, populations, communities and ecosystems.

5215 Assessment Endpoints

Assessment endpoints are explicit expressions of the unique or critical ecosystem
characteristics or features that are to be protected. Because assessment endpoints often
cannot be measured directly, measurement endpoints are developed that can be related,
either qualitatively or quantitatively, to the selected assessment endpoint(s).

Assessment endpoints were developed as part of the SLERA based on the characteristics
of the ecosystem potentially at risk and the COC pathways within that ecosystem. COC
pathways originate from contaminated media (soil) and end at a potential receptor where
adverse effects may occur.

The assessment endpoint for the USBP firing range is the maintenance of a terrestrial
ecosystem characterized by the sustained populations of wildlife and vegetative
communities that are not impacted by anthropogenic chemicals introduced by site
activities.
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5.1.2.6 Measurement Endpoints

Measurement endpoints are biological or ecological variables that can be measured or
observed and are related to the valued characteristic of the ecosystem as described by the
selected assessment endpoints. In this assessment it is assumed that healthy, unimpacted
ecosystems are characterized by chemical parameters in various media which are less
than ecological screening criteria and guidelines. Therefore, the measurement endpoints
for this SLERA are the chemical parameters measured in shallow soil and their
comparison to the ecological effects screening values. This measurement was made by
comparing the site-specific concentration to the constituent specific guideline value. If
the site soil concentration is greater than the screening value the constituent will be
identified as a constituent of potential ecological concern (COPECS).

522 Ecological Effects Evaluation

Two types of stressors are typically evaluated as part of an ERA. These include chemical
and physical stressors. Potential chemical stressors include a variety of COC that may
have been released to the environment and potentially pose a threat to ecological habitats
or wildlife. Physical stressors include habitat alteration or destruction typically
associated with the implementation of remedial activities or background conditions. The
SLERA focused on potential chemical stressors; however, physical features that
influence exposure are noted.

The purpose of the Ecological Effects Evaluation is to identify ecological screening
levels that represent conservative thresholds for adverse ecological effects. Such
screening levels are based on agency criteria, guidelines, or ecological benchmarks.
Conservative soil screening criteria were selected to assess the potential hazard to
ecological receptors. USEPA Ecological Soil Screening Levels (ESSLs) were used as the
screening criterion for each of the detected constituents. The lowest ESSL was selected
as the screening criterion for each COPC. These soil screening criteria are appropriate
for potential ecological receptors because no sensitive habitats or species were identified
that may be inhabiting the site. Table 9 presents the ESSLs and the most sensitive
receptor that the screening level is based on.

523 Screening-Level Exposure Estimate and Risk Characterization

This final task of the SLERA consists of estimating exposure levels for potential
ecological receptors to site-related constituents and evaluating whether potentially
unacceptable concentrations exist for the identified receptors. Based on the results of this
task, conclusions were developed regarding the likelihood that site-related impacts to
ecological receptors are occurring.

In soil, ecological effects due to chemical stressors are typically associated with the top
two feet only (i.e., the root zone). Therefore, only soil samples collected from the surface
interval were considered in the ERA. Analytical data were only available for the fine
particle size fraction, thus screening was performed on this fraction. This is believed to
represent a conservative estimate of site-related impacts because “enrichment” of site
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related constituents in the fine fraction relative to the total soil is anticipated as a result of
the firing range activities (USEPA 2000). Surface soil data collected from areas in and
around the USBP firing range were screened on a point-by-point based using the
ecological screening benchmarks presented on Table 9.

Six constituents were detected in the fine fraction soil during the 2011 sampling event at
concentrations that exceed the ESSLs (Table 10). Lead exceeded the ESSL in all of the
locations that were sampled in 2011. Antimony exceeded the ESSL in all but one
location. Arsenic, benzo(b)fluoranthene, benzo(k)fluoranthene , and chrysene were
detected infrequently at concentrations greater than ESSLs.

There are a number of uncertainties involved in the assessment of ecological risks. A
major source of uncertainty is the extrapolation of laboratory-derived data to the natural
environment. Many factors that will influence a toxicological response are encountered
in the real world which cannot be predicted in the laboratory. Often it is not possible to
identify the causative agents, and dose-response parameters are thus difficult to
characterize. Synergistic or antagonistic interactions further complicate risk
extrapolation procedures. Antagonistic interactions are more commonly encountered
with metals. For example, iron may reverse the harmful effects of lead. The following
summarizes the uncertainty factors involved with this evaluation, most of which result in
an over-estimation of potential risk.

« Estimates of bioavailability of metals in soils to animals are much lower than the
100% assumed in development of the standards. Although the actual bioavailability
of COPEC:s is likely to be lower, site concentrations are unlikely to pose no
unacceptable risk under current conditions.

« Exposure is limited due to daily and seasonal migratory patterns, home ranges, and
available food supply for many larger animals. Potential effects to populations of
animals with smaller home ranges such as soil invertebrates are limited due to the
small aerial extent of the affected areas. Thus, the assumption of a 100% use factor
greatly over-estimates the potential exposure to many receptors.

« The study area is highly disturbed due to historical site activities thus; overall
exposure of wildlife is low due to the generally poorer quality habitat that exists in
the study area as compared to the available surrounding areas.

In conclusion, the site is covered by clean cover, cement or exposed soil. Thus the
physical stressors associated with the poor habitat quality are likely to represent the
greatest ecological stressor. Based on the distribution of lead in the soil, remedial
decisions to address the concentration of lead in soils would address the other COPECs.
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SUMMARY AND CONCLUSIONS

SUMMARY
6.1.1 Nature and Extent of Constituents of Concern

The COCs at the USBP firing range are lead, arsenic, antimony and certain PAHs
[benzo(a)anthracene, benzo(a) pyrene, benzo(b)fluoranthene, benzo (g,h.i)perylene,
benzo(k)fluoranthene, chrysene and fluoranthene]. The concentration distribution for the
metals above USEPA residential/industrial RSL and Arizona residential/industrial SRL
levels are found in figures 4, 5, 6, 8, 9 and 10. The number of hits for PAHs above
detection limits is found in Figures 7 and 11.

All of the COC metals are found throughout the firing range. The highest concentration
of metals for both shallow (0-12 inches) and deep (12-42 inches) are found in the
southwest corner of the firing range. The area consists of the major portion of the back
stop berm and firing range area between the back stop berm and last target area. The
highest concentration of PAHSs is also found in the southwest corner of the firing range.
Because the source of the PAHs are plastic shot gun wadding and fragments of clay
pigeon targets distributed only on the surface, only shallow soil samples were collected
for PAHs

6.1.2 Fate and Transport of Constituents of Concern

The fate of the small arms projectiles was to impact the back stop berm, targets or areas
other than the back stop berm. Upon impact, physical abrasion of the metal projectiles
occurred creating a fine faction of the metal fragments. Once the small arms munitions
debris was on or penetrated into the ground the fate was controlled by minor amounts of
chemical weathering through oxidation and exsolution by the atmosphere and meteoric
waters. Physical weathering occurred by wind abrasion and was enhanced by mechanical
disturbance during the reworking of the berm.

The majority of the transport for COC metals and PAHs was caused by the firing of small
arms munitions throughout the firing range mainly directed toward the berm. The natural
transport mechanisms for the small arms munitions debris and COCs occurs by horizontal
transport by mass wasting through creep and micro-debris flows for short distances,
aeolian transport by saltation and suspension and water transportation by suspension and
saltation along drainage pathways during occasional rain events. Vertical transport
occurs intermittently by exsolution and colloidal transport during rain events. All
transportation mechanisms are of short duration and incremental distances because of the
arid climate and density of the COCs metals.

6.1.3 Risk Assessment

Lead concentrations in soil exceed both the human health and ecological screening levels,
in all of the soil samples collected on site and immediately adjacent to the site in 2011.
Concentrations of antimony and arsenic and PAHs exceed both human and ecological
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6.2

screening levels in vadose zone soils, although exceedances are not as widespread as
lead. Based on the widespread exceedances of the lead USEPA RSL and ADEQ SRL in
the fine soil fraction, remedial decisions to address current soil conditions would be
warranted. Concentrations of antimony, arsenic, and PAHSs are co-located with elevated
lead concentrations, thus RAs that would address fine grained particulate lead in soil
would also address these constituents. Based on this comparison to regulatory and risk-
based screening criteria, further estimation of risk under a baseline exposure scenario,
which is captured in the screening criteria, is unlikely to provide additional information
that would impact the remedy selection in the FS. Thus, no additional risk assessment is
recommended until a strategy to address lead in soils has been developed.

CONCLUSIONS
6.2.1 Data Limitations and Recommendations for Future Work

The deepest penetration when sampling the back stop berm was 42 inches bgs which was
insufficient to penetrate to the base and portions of the interior of the back stop berm to
determine the concentrations of COC metals at the base and interior of the back stop
berm. When excavating the back stop berm for treatment or removal, the soils will be
field screened by a XRF to determine soils to be treated, removed or used as backfill
without treatment.

The determination of the depth to groundwater was not determined on site, but by
reference to a water well on a property in the immediate area where the total well depth
was 435 bgs. The casing depth was 420 bgs and depth to groundwater was determined to
be 135 feet bgs. Because the water level in this well is most likely recording the depth to
water associated with the aquifer horizon at a level beneath the well casing, 420 to 435
bgs, it most likely represents the depth to the water below the casing and not the water
table.

6.2.2 Recommended Remedial Action Objectives

RAOs drive the formulation and development of response actions. The primary RAOs
for the USBP firing range are based upon the hazard assessment results presented in this
RI Report and USEPA’s threshold criteria of “Overall Protection of Human Health and
the Environment” and “Compliance with ARARS. Based upon the hazard assessment
and the RI/FS Guidance, the following RAOs were developed for the protection of
human health and environment.

« Prevent or reduce the potential for receptors to come in direct contact with soil COCs
remaining after remediation on USBP firing range.

« Prevent the potential for receptors both human and ecological to ingest the soil COCs
on the USBP firing range.

. Prevent the potential for receptors to inhale the soil COCs at the USBP firing range.
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« Interrupt USBP firing range COC migratory pathways to human or ecological targets.
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7.0

7.1

QUALITY ASSURANCE

This section presents the QA program activities performed to achieve a standard of
quality for the project that meets or exceeds those required by the DQOs for the RI at the
USBP firing range. The program is designed to ensure that test results and field
procedures are reproducible and corroborate the accuracy of the analytical methodologies
employed. These activities were performed as stated in the QAPP, contained in the
USBP firing range RI/FS Work Plan (TPMC, 2011).

GENERAL
71.1 Data Management
The primary data management activities for the USBP firing range RI included:

« Review and confirmation that appropriate data were collected in accordance with
work plan and QAPP requirements;

. Transfer of data from field and laboratory activities to project databases;
. Storage and management of data in appropriate databases;
« Appropriate level of analytical data validation; and

. Organization and use of data from databases for statistical analyses, interpretations,
assessments, and report conclusions.

Data collected in the field were recorded in the field logbook along with their
corresponding sample identifications (IDs). Once compiled, the data were reviewed by a
qualified team member to ensure completeness, consistency, and conformance with site
conditions; then the data were entered into appropriate databases.

Sampling location data obtained during field surveys were directly uploaded to a GIS
database for use with Computer Aided Design Drawing (CADD) files. Data layers,
including roads, buildings, and geology, were extracted from the CADD drawings and
saved in a GIS database. Aerial photographs were scanned and rectified to allow overlay
of site map layers and sampling data.

7.12 Location Surveys and Mapping

Location surveys and mapping QA procedures provided field teams with guidance for
collection and documentation of survey and map data collected within the USBP firing
range.

7121 General
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Location surveys were required for soil sample collection. Location survey equipment
for the project consisted of a handheld geographic-information mobile-mapping system,
equipped with a high-accuracy Kit.

7.1.2.2 Accuracy

All survey points were established using the geographic-information mobile-mapping
system. This system provided sub-foot accuracy using standard Differential GPS and
Auto GPS functions. Field location accuracy was continuously monitored throughout RI
field activities. Topcon GRS-1 field accuracy was determined prior to the RI by
surveying the location of GIS base stations and survey, and comparing the results to their
documented locations.

Horizontal control for the site was based on North American Datum 83 (NAD 83)using
the Universal Transverse Mercator (UTM) zone 12N, in meters. Vertical control was
based on the metric system and referenced to the North American Vertical Datum of
1988 (NAVD 88).

7.1.2.3 Plotting

All of the control points (monuments, aerial targets, grid corners, feature of interest
locations, sample locations, and property corners) recovered and/or established at the site
were plotted at the appropriate coordinate points on reproducible electronic media for
production of plan-metric maps at scales appropriate for the area being described.

7124 Mapping

The location, identification, coordinates, and elevations of all the control points recovered
and/or established at the site were plotted on reproducible media for plan-metric and
topographic maps at the scale most suited to review.

Each map includes a true north. An explanation is provided which shows the standard
symbols used for the mapping and a location map showing the site in relationship to all
other sites within the boundary lines of the project area.

7.1.3 Remote Sensing Instrument Standardization and Calibration

Instrument standardization, calibration and QC tests of the portable XRF unit were
conducted in accordance with procedures presented the instrument users/owner’s
manual(s). Operational and test procedures conformed to manufacturer’s standard
instructions. All remote sensing instruments and equipment used to gather and generate
field data were calibrated with sufficient frequency and in such a manner that accuracy
and reproducibility of results were consistent with the manufacturer’s specifications.

714 Field Documentation

Field documentation consisted of field logbooks, field forms, and photographs. Project
personnel submitting completed documentation for retention in project records ensured
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documents are legible, accurate, complete, and reproducible. Requirements and
procedures used for maintaining the various types of documentation records are discussed
in the subsections below.

7.14.1 Logbooks

Field logbooks provide a daily handwritten record of all field activities performed at the
USBP firing range. All logbooks are permanently bound and have a hard cover. The
logbooks are ruled or ruled and gridded and have sequentially numbered pages. All
entries into field logbooks were made with indelible ink. Field logbooks are detailed
daily records that are kept in real time and are assigned to specific activities, positions, or
areas within the site.

7.14.2 Field Photographs

Photographs were taken with a digital camera to photo-document field activities. There
was no specified number of photographs required for each location or each activity;
however, a sufficient number to accurately represent site conditions and work activities
were taken.

7.1.4.3 Final Evidence File Documentation

All evidential file documentation is maintained under an internal project file system in
accordance with TPMC Records Management procedures. The Project Manager ensures
that all project documentation and QA records are properly stored and retrievable.

7.15 Process/Training Plan

Project personnel had the appropriate education, experience, and site-specific training to
perform the duties of the job for which they were tasked. The Project Manager ensured
that all personnel received appropriate indoctrination and training. The field team leader
conducted and documented site-specific training and maintained records documenting the
required qualifications and training for each site worker. He monitored expiration dates
in order to advise employees of refresher training or other requirements and maintained
training records for personnel and visitors, as required by the work plan. Routine training
consisted of daily safety briefings which were conducted by the site health and safety
officer. This training addressed safety issues, plan of the day, team assignments,
potential issues, and resolutions. Required training records were maintained on site for
all personnel during field activities.
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7.2

Training for field personnel included:

« Current 40-hour OSHA Hazardous Waste Operations (HAZWOPER) certification
and 8-hour refresher for all workers, including medical surveillance.

. Field team orientation and kick-off briefing was conducted with all project field
personnel prior to start of each phase of field activities. This orientation included
through review of the project SAP, Accident Prevention Plan (APP), and Site Safety
and Health Plan (SSHP).

« Review of Standard Operating Procedures (SOPs) prior to commencement of each
new task.

« Periodic briefings for site-specific technical and quality issues and procedures as they
relate to each worker’s duties [e.g. DQOs, shipping protocols, biological and cultural
resources issues, and management of investigation derived wastes (IDW)].

. Daily “tailgate” meetings to discuss site-specific health and safety and QA topics
related to project specific work assignments.

All site visitors were given a field safety briefing by the field team leader before entering
the active investigation area. All visitors signed in on a visitor log that was maintained
on site.

DATA QUALITY OBJECTIVES

DQOs were developed for soil sampling based on USACE guidance. The selected
analytical methods meet the DQOs for sensitivity, which were required to compare soil
sample results to the regulatory criteria.

7.2.1 Measurement Quality Objectives for Chemical Data Measurement

Measurement Quality Objectives (MQQOs) for chemical data measurements include the
routine, standard Quality Control (QC) measurements typically made on laboratory-
prepared, standard materials and samples. The MQOs are used to monitor accuracy and
precision.

Analytical data were to be reported using the Limit of Quanitation (LOQ) with positive
values qualified between the Limit of Detection (LOD) and the LOQ. A “J” qualifier was
used to flag data above the LOD but below the LOQ. Chemical data during this project
were collected and validated to ensure that the procedures defined in the Work Plan have
been followed, and that the quantity of data adequately supports the intended use of the
data, as described in EPA’s DQO Process (QA/G-4, February 2006). For laboratory-
generated QC measurement data, the accuracy (or bias) MQOs are acceptance limits
provided by USACE (DOD, 2010) and project-specific precision MQO values approved
by the USACE, Fort Worth District staff.
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7.2.2 Sample Receipt

The sample receipt custodian is responsible for the inspection of shipping containers
upon laboratory receipt and verification of sample integrity. This ensured that the
contents were not altered or tampered with during transit. If tampering were apparent,
the sample receipt custodian would have immediately contact the assigned Accutest
Project Manager. The sample custodian would have documented any deficiencies at the
time of sample receipt at the laboratory on the Cooler Receipt Form. A lot number was
assigned to each group of samples received, recorded on both the COCs and each sample
container submitted with the project, and noted in the Laboratory Information
Management System (LIMS). Proper and complete sample documentation was provided
on the COC form in order to log samples into the LIMS.

7.2.3 Analytical Procedures

Surface and subsurface soil samples from each sampling location were analyzed for
Antimony, Arsenic, and Lead using EPA Method SW-846 6010B. Ten (10) surface soil
samples were also analyzed for PAHSs using EPA Method SW-846-8270C. Accutest
laboratory retained sufficient sample volume for all soil samples in order to conduct
TCLP analysis by EPA Method SW-846 1311, in the event that as many as five (5) soil
samples exceeded the TCLP toxicity characteristic for lead. Five (5) soil samples were
selected to be analyzed for TCLP. The specific implementation of the analytical methods
followed proprietary laboratory Standard Operating Procedures (SOP)s and the DOD
Quality Systems Manual for Environmental Laboratories (Version 4.2, October 2010).
Table 1 lists the respective chemical-specific DQOs and reporting limits for soil sample
analyses.

7.2.3.1 Laboratory QC Procedures
Generally, laboratory QC checks included the following:
- Calibration checks
« LODs
+ LOQs
« Holding Times
« Laboratory control samples (LCSs)
« Surrogate spikes
« Serial Dilutions

« Matrix Spike (MS) samples

Matrix Spike Duplicate (MSD) samples
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« Method Blank samples
« Performance/System audits
7.2.3.2 Calibration Checks

Calibration checks were performed regularly on each instrument to verify that response
characteristics for the instrument remained within prescribed limits.

7.2.3.3 Laboratory Control Samples

Laboratory Control Samples (LCS) were prepared for each analysis batch by adding
known concentrations of target compounds to a clean laboratory matrix material. The
LCSs were extracted and analyzed along with the associated project samples.
Concentrations for the spiked target compounds were determined and reported as a
Percent Recovery. The recovery for each compound was compared with the project QC
recovery limits and used to assess accuracy for the associated analysis batch.

7.2.3.4 Laboratory Blanks

A laboratory blank, comprised of a clean laboratory matrix material, accompanied each
analysis batch. These blanks were extracted and analyzed along with the associated
project samples to assess possible contamination of samples during the extraction and
analysis process.

7.2.35 Surrogate Spikes

A known concentration of a surrogate spike compound was added to each investigative
and QC sample prior to extraction and analysis. The concentration of the surrogate
compound was determined and reported as a Percent Recovery to assess accuracy for the
analysis of each sample.

7.2.3.6 Serial Dilutions

The laboratory prepared and analyzed serial dilutions for each batch. The QC limits for
serial dilutions are generally calculated as the percentage difference between the original
and diluted result, where the original has a concentration greater than 50 times the
detection limit. Different acceptance criteria are used depending upon the project
requirement. The analytical method uses a criterion where the diluted value should be
within 90-110% of the original value.

7.2.3.7 MS/MSD Samples

MS/MSD samples were prepared by adding known concentrations of target compounds
to separate aliquots of selected project samples. The MS/MSDs were extracted and
analyzed along with the associated project samples. Concentrations for the spiked target
compounds were determined and reported as a Percent Recovery to assess accuracy for
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the associated analysis. The relative percent difference of spiked compound results for
the MS/MSD were used to assess precision for the associated analysis.

7.2.3.8 Performance/System Audits

The contracted laboratory QA Officer regularly conducts performance and system audits
to ensure that data of known and defensible quality are produced by the laboratory.

The performance audit is a quantitative evaluation of the measurement systems of a
program. It requires testing the measurement systems with samples of known
composition or behavior to evaluate precision and accuracy. The performance audit is
carried out by or under the auspices of the QA Officer without knowledge of the analyst.
Based on this evaluation, the laboratory QA Officer would implement corrective actions
as necessary to ensure that reliable data is obtained.

System audits are qualitative evaluations of components of the laboratory QC measures
systems. They determine if the measurement systems are being used appropriately. The
audits may be carried out before all systems are operational, during the laboratory
program, or after the completion of the program. Such audits typically involve a
comparison of the activities specified in the QAPP with activities actually scheduled or
performed. The data management audit addresses only data collection and management
activities.

7.2.3.9 Field Quality Assurance Samples

Field duplicates were collected during the field effort. Field duplicates are samples
collected individually, as separate samples, at the same sampling location, and put into
separate containers. Duplicate samples were analyzed for the same constituents as the
parent samples. Field duplicate samples were collected at a frequency of 10 percent.
Each QC duplicate sample was given a separate sample 1D number

Rinsate blank samples were also collected during the field effort. Rinsate blanks are
samples of water used to rinse field sampling equipment after decontamination following
collection of the parent soil sample. The purpose of the rinsate blank sample is to
evaluate the effectiveness of field sampling equipment decontamination procedures, to
ensure that cross-contamination of environmental samples did not occur. Rinsate blank
samples were analyzed for the same constituents as the parent samples. Rinsate blank
samples were collected at a frequency of 5 percent. Each QC rinsate blank sample was
given a separate sample 1D number.

7124 TPMC Data Validation

All analytical data associated with the project received a comprehensive data review.
This was comprised of a preliminary review of the laboratory data package and
Electronic Data Deliverables (EDDs) to verify that all necessary paperwork (e.g., COCs,
analytical reports, laboratory personnel signatures) and deliverables were present. This
was followed by a detailed QA review by the subcontracted Neptune and Company, Inc.
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chemist to verify the qualitative and quantitative reliability of the data as reported. The
review included an evaluation and interpretation of all data generated by the laboratory,
and was performed using the UFP-QAPP, applicable analytical method (e.g. SW-846
Method 8270C, 6010B), and the DOD Quality Systems Manual for Environmental
Laboratories, Version 4.2, October 2010.

The findings of the review were summarized in the Data Validation Report, which
presents qualifying statements that should be taken into consideration for the analytical
results to best be utilized. The Data Validation Report is presented in Appendix 1. Data
qualifiers were added to sample results in the laboratory EDD to serve as an indication of
the qualitative and quantitative reliability of the data.

7.25 Data Usability

Review of the QA evaluations associated with the field soil samples indicates project
sample analysis results are reliable and fulfill project DQOs. A complete discussion of
the QA evaluations is provided in Appendix 1. A summary of the findings is presented in
the remaining portion of this Data Usability discussion.

All samples were received by the laboratory in acceptable condition. The samples were
analyzed for antimony, arsenic, lead, PAHs, and TCLP in accordance with the protocols
presented in Test Methods for Evaluating Solid Waste, USEPA SW-846 Manual, October
2006, and the guidance provided in the DOD Quality Systems Manual for Environmental
Laboratories, Version 4.2, October 25, 2010 (DOD QSM). Prior to extraction, all
samples were processed according to the laboratory protocols specified in the appropriate
EPA methodologies. The analyses were performed within the required holding times.
There were no target compounds detected in any of the laboratory method blanks.
Acceptable performance was observed for all LCSs, initial calibration standards, and
calibration check standards. Marginal exceedances were observed with the MS/MSD
samples, and certain serial dilutions and surrogate samples.

MS/MSDs were prepared for samples: BPG7S, BP78S6, and BPG3D30. Low or
elevated recoveries were obtained for some compounds in these MS/MSD samples, and
the associated detections for these compounds in the parent samples were qualified to
indicate that they are biased quantitative estimates.

Marginal exceedances of Quality Control criteria were also observed for the serial
dilutions of samples BPG7S and BPDN16S6. Serial dilution of Arsenic in sample
BPG7S was above the Quality Control limit at 11.5 % difference. The value is outside
the 90-110% range specified by the method. Serial dilution of arsenic, lead, and
antimony in sample BPDN16S6 was above the 110% upper limit for antimony, arsenic,
and lead. These results indicate possible matrix interference. The associated COC
detections in these samples have been qualified to indicate that they are potentially biased
quantitative estimates.

Additionally, low surrogate recoveries were obtained for nitrobenzene-d5 for samples
BPN9S6 and BPN10S6, and Terphenyl-d14 for samples BPN16S and BPDN16S. The
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laboratory attributed these low recoveries to matrix interference- viscous matrix. These
low recoveries are an indication of a potential low bias of the analytical results of these
samples for the following associated compounds: 1-Methylnaphthalene, 2-
Methylnapthalene, and Naphthalene for samples BPN9S6 and BPN10S6; and Benzo (a)
anthracene, Benzo (a) pyrene, Benzo (b) fluoranthene, Benzo (g, h, i) perylene, Benzo (k)
fluoranthene, Dibenzo (a, h) anthracene, Ideno (1, 2, 3-cd) pyrene, and Pyrene for
samples BPN16S and BPDN16S. With the exception of Benzo (b) fluoranthene in
sample BPN16S, all of these compounds were reported as non-detects in the samples
containing low surrogate spike recoveries. The associated COC analytical results for
these compounds have been qualified to indicate that they are potentially low biased
quantitative estimates.

All of the serial dilution, surrogate spike, and MS/MSD recovery exceedances were
marginal and the affected LODs were also below the associated screening levels.
Consequently, these qualified “non-detect” results constitute usable and valid data. Data
validation procedures have rejected zero percent of the analytical data. Overall, data
precision, accuracy, completeness, representativeness, comparability, and execution of
data deliverables for the RI analytical data were acceptable, and valid conclusions may be
drawn from the soil sample analysis results.
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FIGURE 11
Shallow Grab Samples for
PAHs > Residential RSLs
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Drafted by: TPMCrl File Name: NogalesFR_Grab_PAH



NWalworth
Text Box
                        

NWalworth
Typewritten Text
U.S. Border Patrol Firing Range


o g oo

LEAD
Shallow

46,800 mg/kg (max)

<RSL (400 ma/kg)

LEAD
Deep

ANTIMONY
Shallow

454 mg/kg (max)

<RSL (31 mg/kg)

ANTIMONY
Deep

ARSENIC
Shallow

22.8 mg/kg (max)

<RSL (0.39 ma/ka)

ARSENIC

TOTAL PAHs
Shallow

7 Analyzed PAHs > RSLs

Earthen Berm

Covered Shooting Deck

SAMPLING GRID r&
50 x 50 ft blocks

USEPA Region 9 Residential Soil Screening Level (RSL) for ANALYZED METALS:
LEAD = 400 mg/kg
ARSENIC = 0.39 mg/kg
ANTIMONY = 31 mg/kg

ANALYZED POLYNUCLEAR AROMATIC HYDROCARBONS (PAHSs):
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(g,h,i)perylene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Fluroanthene
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NA = PAHs not analyzed
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FIGURE 12 Deep & Shallow
Composite Samples Analyte
Comparison > Residential RSLs

Date: January 12,2012 Rev:February 9,2012
Drafted by: TPMCrl Checked by:E.Klingel File Name: NogalesFR_Comp_AnalyteComp_Res
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LEAD = 800 mg/kg
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ANTIMONY = 410 mg/kg
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FIGURE 13 Deep & Shallow
Composite Samples Analyte
Comparison > Industrial RSLs

Date: February 7,2012 Rev:February 9,2012
Drafted by: TPMCrl Checked by: E.Klingel File Name: NogalesFR_Comp_AnalyteComp_Ind



NWalworth
Text Box
                        

NWalworth
Typewritten Text
U.S. Border Patrol Firing Range


Figure 14
Conceptual Fate, Transport and Exposure Model
U.S. Border Patrol Firing Range Nogales, Arizona
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Figure 15
Conceptual Fate and Transport

Model

U.S. Border Patrol Firing Range

Nogales, Arizona
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Table 1
Data Quality Objectives for Soil Sample Analysis:
Determination of Viability for Accutest Laboratory Detection Limits
in comparison to EPA and ADEQ Screening Levels

U.S. Border Patrol Firing Range
Nogales, Arizona

Antimony 7440-36-0 3.1E+01 4.1E+02 3.1E+01 4.1E+02 0.087 2 Yes
Arsenic 7440-38-2 3.9E-01 1.6E+00 1.0E+01 1.0E+01 0.07 2 Yes
Lead 7439-92-1 4.0E+02 8.0E+02 4.0E+02 8.0E+02 0.054 2 Yes

Acenaphthene 83-32-9 3.4E+03 3.3E+04 3.7E+03 2.9E+04 0.17 0.33 Yes
Acenaphthylene 208-96-8 NSL NSL NSL NSL 0.067 0.17 NA
Anthracene 120-12-7 1.7E+04 1.7E+05 2.2E+04 2.4E+05 0.033 0.17 Yes
Benzo[a] anthracene 56-55-3 1.5E-01 2.1E+00 6.9E-01 2.1E+01 0.023 0.17 Yes
Benzo (a) pyrene 50-32-8 1.5E-02 2.1E-01 6.9E-02 2.1E+00 0.017 0.30 Yes
Benzo[b]fluoranthene | 205-99-2 1.5E-01 2.1E+00 6.9E-01 2.1E+01 0.020 0.17 Yes
s:r';zlgn(g' h.1) 191-24-2 NSL NSL NSL NSL 0.05 0.17 NA
Benzo[k]fluoranthene | 207-08-9 1.5E+00 2.1E+01 6.9E+00 2.1E+02 0.04 0.17 Yes
Chrysene 218-01-9 1.5E+01 2.1E+02 6.8E+01 2.0E+03 0.033 0.17 Yes
Dibenzo (a, h) 53-70-3 1.5E-02 2.1E-01 6.9E-02 2.1E+00 0.043 0.17 Yes
anthracene




Table 1
Data Quality Objectives for Soil Sample Analysis:
Determination of Viability for Accutest Laboratory Detection Limits
in comparison to EPA and ADEQ Screening Levels
U.S. Border Patrol Firing Range
Nogales, Arizona

Fluoranthene 206-44-0 2.3E+03 2.2E+04 2.3E+03 2.2E+04 0.033 0.17 Yes
Fluorene 86-73-7 2.3E+03 2.2E+04 2.7E+03 2.6E+04 0.06 0.17 Yes
Indeno [1,2,3-cd] 193-39-5 1.5E-01 2.1E+00 6.9E-01 2.1E+01 0.047 0.17 Yes
pyrene

1-Methylnaphthalene 90-12-0 2.2E+01 9.9E+01 NSL NSL 0.053 0.17 Yes
2-Methylnaphthalene 91-57-6 3.1E+02 4.1E+03 NSL NSL 0.053 0.17 Yes
Naphthalene 91-20-3 3.6E+00 1.8E+01 5.6E+01 1.9E+02 0.057 0.17 Yes
Phenanthrene 85-01-8 NSL NSL NSL NSL 0.037 0.17 NA
Pyrene 129-00-0 1.7E+03 1.7E+04 2.3E+03 2.9E+04 0.23 0.33 Yes
Notes:

ADEQ Arizona Department of Environmental Quality

EPA U.S. Environmental Protection Agency

GS Gas Chromatography

mg/kg milligrams per kilogram

MS Mass Spectrometer

NA Not applicable

NSL No Screening Level

SRL soil remediation level



Table 2

Sample Analytical Result Detections and Human Health Risk Screening
Shallow Composite and Grab Soil Samples
Nogales Border Patrol Firing Range

Nogales, Arizona

Composite Soil Samples 0to 6 Inches Below Ground Surface
Constituent USEPA ESSLs | Units [ BPN-4S | BPN7S | BPN8S | BPN-9S | BPN-10S [ BPN-12S | BPN-13S | BPN142S | BPN-15S | BPN-16S [BPDN-16S| BPN-17S | BPN-18S | BPN-59S | BPN-60S | BPN-61S | BP-78S
(Dup)
Inorganics
Antimony 0.27 mgkg| <17 4.6 84 27.5 5.9 198 454 125 11.2 417 471 48.2 19.7 27.9 7.1 25.8 399
Arsenic 18 mg/kg 5 5.5 12.1 6.7 5.2 10.2 22.8 10.2 4.8 20.7 22.1 6.8 6.1 6.3 5.6 10.9 16.5
Lead 11 mg/kg 198 920 10,200 3,540 952 22,800 35,200 15,100 1,840 36,400 37,300 6,310 6,940 8,480 2,890 2,680 46,800
I[Polycyclic Aromatic Hydrocarbons
|[Benzo(a)anthracene 1.1 mg/kg NA NA <LOD <LOD <LOD <LOD <LOD <LOD NA <LOD <LOD <LOD NA NA NA NA 0.191
I[Benzo(a)pyrene 1.1 ma/kg NA NA <LOD 0.0349 <LOD 0.244 <LOD <LOD NA <LOD <LOD <LOD NA NA NA NA 0.368
|[Benzo(b)fluoranthene 1.1 mg/kg NA NA <LOD 0.0345 <LOD <LOD 1.570 <LOD NA 0.72 <LOD <LOD NA NA NA NA 0.279
|[Benzo(g,h,i)perylene 1.1 mg/kg NA NA <LOD <LOD <LOD <LOD <LOD <LOD NA <LOD <LOD <LOD NA NA NA NA 0.267
|[Benzo(k)fluoranthene 1.1 mg/kg NA NA <LOD <LOD <LOD <LOD 1.240 <LOD NA <LOD <LOD <LOD NA NA NA NA <LOD
l[Chrysene 1.1 mg/kg NA NA <LOD 0.0529 <LOD 0.226 2.14 <LOD NA 1.180 1.780 <LOD NA NA NA NA 0.359
|[Fluoranthene 29 ma/kg NA NA <LOD <LOD <LOD <LOD 1.780 <LOD NA 0.765 <LOD <LOD NA NA NA NA <LOD
Grab Soil Samples 0to 6 Inches Below Ground Surface
Constituent USEPA ESSLs | Units | BPG-1S | BPG-2S | BPG-3S | BPDG-3S| BPG-4S | BPG-5S | BPG-6S | BPG-7S | BPG-8S | BPG-9S | BPG-10S | BPG-11S | BPG-12S | BPG-13S | BPG-14S | BPG-15S | BPG-16S | BPG-17S | BPG-18S | BPG-19S [BPDG-19S| BPG-20S | BPG-21S | BPG-22S
(Dup) (Dup)

Inorganics
Antimony 0.27 mgl/kg 286 428 454 465 48 46.3 29.2 4.2 10 16 2 5.4 7.7 67.7 206 10.9 34.3 44.3 98.4 89.6 96.4 388 311 363
Arsenic 18 mg/kg|  13.9 17.2 17.1 18.6 7.1 14.3 8.6 5.8 6.6 7.1 5.2 5.3 5.3 9 16.5 7.5 6.8 10 8.6 8.1 8 16.4 12.4 11.8
Lead 11 mg/kg| 33,100 41,600 49,300 49,300 7,160 4,200 3,220 2,390 6,040 7,000 419 1,250 1,160 9,050 19,000 1,920 5,070 9,480 14,800 11,900 12,700 44,800 38,600 34,700
I[Polycyclic Aromatic Hydrocarbons
|[Benzo(a)anthracene 1.1 mgl/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.402 NA NA
I[Benzo(a)pyrene 1.1 ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.883 NA NA
|[Benzo(b)fluoranthene 1.1 ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.378 NA NA
|[Benzo(g,h,i)perylene 1.1 ma/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.590 NA NA
|[Chrysene 1.1 mgl/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.844 NA NA
I[Fluoranthene 29 mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA ND NA NA

Notes:
Bold - Exceeds ESSLs

USEPA
ESSL
NA
LOD
mg/kg
<

United States Environmental Protection Agency
Ecological Soil Screening Level

Not Analyzed

Limit of Detection
milligrams per kilogram
Less Than




Table3

Sample Analytical Result Detections
Deep Composite and Grab Soil Samples
U.S. Border Patrol Firing Range
Nogales, Arizona

Arizona SRLs USEPA RSLs Composite Soil Samples 12 to 30 Inches Below Ground Surface
Constituent Residential Non-Resi dential Residential Industrial Units ESTE; B4|TDD1,;_ ngE; 2;2‘8- BPN-9D24 JI.?)FI;’\JI.-S ]I_BZPD';I_;} BPN-13D18 | BPN-14D14 | BPN-15D14| BPN-16D18 | BPN-17D18 | BPN-18D30 | BPDN-18D30 | BPN-59D30| BPN-60D18 | BPN-61D14 | BP-78D25
ASRL (1) ASRL (1) RSL RSL (Dup) (Dup)
Antimony 31 410 31 410 mg/kg| <1.8 <1.8 <1.7 10.2 4.9 <1.8 45.8 71 2.9 <1.8 28.5 2.1 <1.9 <1.8 6.6 <1.8 3 38
Arsenic 10 10 0.39 1.6 mg/kg| 4.9 4.8 52 6.1 5.5 5.1 7 14.8 4.4 5 6.3 4.5 5.5 5.7 59 52 5 8.7
Lead 400 800 400 800 mg/kg 20 20 70 1,910 771 347 6,370 6,550 438 197 2,750 378 315 301 4,120 345 445 7,850
Arizona SRLs USEPA RSLs Grab Soil Samples 12 to 42 Inches Below Ground Surface
. . BPG- BPG- BPG- BPG- BPDG- BPG- BPG- BPDG-
Constituent | pesidential | Non-Residential | Residential | Industrial | Y™ 1D18 3D30 | 13D30 | 16D30 | 16D30 | 18D30 21D42 21D42
ASRL (1) ASRL (1) RSL RSL (Dup) (Dup)
Antimony 31 410 31 410 mg/kg| 30.6 176 53 19.4 20.1 31.8 184 208
Arsenic 10 10 0.39 1.6 mg/kg| 5.7 15.7 5.8 6 5.6 6.2 9.3 9.2
L ead 400 800 400 800 | mg/kg| 4,220 {26,000 916 | 3,060 | 2,970 | 4,850 | 24,800 | 27,000
Notes: Notes:
USEPA United States Environmental Protection Agency
RSL USEPA Soil Regional Screening Level
ASRL Arizona Soil Remediation Level
NA Not Analyzed
ND Not Detected
mg/kg milligrams per kilogram
< Less Than




Sample Analytical Result Detections
Toxicity Characteristic Leaching Potential (TCLP) Samples

Table 4

U. S. Border Patrol Firing Range
Nogales, Arizona

USEPA Toxicity
Constituent |Characteristic Units | BPN-13S | BPG-3S | BPG-7S | BPG-8S | BPG-17S
Concentration
Arsenic 5 mg/L <0.25 0.27 <0.25 <0.25 <0.25
Lead 5 mg/L 511 1930 34 9.2 158
Notes:
LOD Limit of Detection BPN Composite Samples
mg/L milligrams per Liter BPG Grab Samples
< Less Than USEPA U.S. Environmental Protection Agency




Table5
Spent Ammunition and Shooting Target Debris COC Source Material
Items Extracted from Soil Samples During Seiving
U.S. Border Patrol Firing Range

Nogales, Arizona

Constituents
of Concern

Source M aterial
Item

Composite Soil Samples

Shallow Soil Samples: 0to 12 Inches Below Ground Surface

Subsur face Soil
Samples
containing COC
Sour ce
Materials

BPN-4S | BPN-7S | BPN-8S | BPN-9S | BPN-10S [ BPN-12S [ BPN-13S | BPN14S | BPN-15S | BPN-16S | BPN-17S | BPN-18S | BPN-59S | BPN-60S [ BPN-61S [ BP-78S_|[BP-78 (25" bgs)
SAA Debris: Bullets or
Lead, Antimony, |bullet fragments 0 1 8 0 0 17 3 1 0 15 0 0 0 0 1 24 2
and Arsenic
Shotgun shell slug or 0 0 1 0 0 1 0 0 0 0 0 0 0 0 0 4 0
buckshot pellet
Polynuclear fAl/aS;zf, Shotshell 0 1 2 2 3 0 6 31 1 14 18 5 0 0 0 4 1
Aromatic acone
Clay Pigeon Target
Hydrocarbons Fragment 0 0 0 0 1 0 12 0 0 0 1 0 0 0 0 1 0
Grab Soil Samples
Congtituents| Source Material . Subsurface Soil Samples containing COC Source
of Concern Item Shallow Soil Samples: 0to 12 Inches Below Ground Surface Materials
BPG-1S | BPG-2S | BPG-3S | BPG-4S | BPG-5S | BPG-6S | BPG-7S | BPG-8S | BPG-9S | BPG-10S | BPG-11S | BPG-12S | BPG-13S | BPG-14S | BPG-15S [ BPG-16S BPG-17S BPG-18S | BPG-19S | BPG-20S | BPG-21S [ BPG-22S |[ BPG-3 (30" bgs) [ BPG-18 (30" bgs) | BPG-21 (42" bgs)
SAA Debris: Bullets or
. 2 3 14 0 0 0 0 0 0 0 0 0 2 2 0 2 1 2 14 43 28 8 70 1 15
Lead, Antimony, |bullet fragments
and Arsenic  [Shotgun shell slug or 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5 0 1 0 9 0 0 1 0 1
buckshot pellet
Polynuclear fAl/aS;zf, Shotshell 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4 1 2 0 0 1
Aromatic acone
Clay Pigeon Target
Hydrocarbons | ,omen 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Constituents of Total Constituent of Concern Source Material Items Extracted from Soil Samples, by Grid Cell
Concern N-4 N-7 N-8 N-9 N-10 N-12 N-13 N-14 N-15 N-16 N-17 N-18 N-59 N-60 N-61 78
Lead, Antimony, and 0 1 16 0 0 40 5 1 0 15 0 0 0 0 1 130
Arsenic
Polynuclear Aromatic 0 1 2 2 4 1 18 31 1 14 19 5 0 0 0 14
Hydrocarbons
Notes:
" Inches
bgs below ground surface
CcOoC Constituent of Concern

SAA

Small Arms Ammunition




Table 6

Soil Sampling Equipment QA/QC

Rinse Water Samples

U.S. Border Patrol Firing Range

Nogales, Arizona

USEPA Rinsate Samples
Constituent Tap Water Accutest | Accutest Units
RSL DL RL BPRS-001 | BPRS-002 | BPRS-003
Inorganics
Antimony 151 0.51 6 ng/l <6.0 <6.0 <6.0
Arsenic 0.045] 0.65 10 ng/l <10 <10 <10
Lead 0.24] 0.85 10 g/l <10 <10 <10
Poly-Aromatic Hydrocarbons
Benzo(a)anthracene 0.029 2 10 ng/l NA <LOD NA
Benzo(a)pyrene 0.0029 2 10 ng/l NA <LOD NA
Benzo(g,h,i)perylene NS 2 10 ng/l NA <LOD NA
Benzo(b)fluoranthene 0.029 2 10 ug/l NA <LOD NA
Chrysene 2.9 2 10 ng/l NA <LOD NA
Fluoranthene 0.0015 3 10 ng/l NA <LOD NA
Benzo(k)fluoranthene 0.29 2 10 ng/l NA <LOD NA
Notes:
DL Detection Limit
NA Not Analyzed
LOD Limit of Detection
QA/QC Quality Assurance/Quality Control
RL Reporting Limit
RSL Regional Screening Level
pg/l micrograms per liter
USEPA United States Environmental Protection Agency
< Less Than




Table7
Physical/Chemical Constants
U.S. Border Patrol Firing Range
Nogales Arizona

. Molecular | Henry'sLaw Vapor Solubility in| Bioconcentration
i log Koc
Constituent Weight Constant Pressure 9 Kow Kd Water Factor
(atm-m3/mol)| (mm Hg) (I/kg) (I/kg) (mall) (I/kg)
Benzo(a)anthracene (3) 228.3 1.20E-05 a[2.20E-08 b| 525 a|4.07E+05 b|3.54E+03 0.0094 a NA
Benzo(a)pyrene (3) 252.32 457E-07 a|5.60E-09 b| 5.77 a|l.I5E+06 b|1.17E+04 0.00162 a NA
Benzo(b)fluoranthene (3) 252.32 6.57E-07 a|5.00E-07 bl 5.78 a|1.10E+06 b|1.20E+04 0.0015 a NA
Benzo(g,h,i)perylene (3) 276 1.44E-07 b|1.03E-10 b] 6.20 b|3.16E+06 b|3.20E+04 0.00026 b NA
Benzo(k)fluoranthene (3) 252.32 5.84E-07 a|9.59E-11 b| 5.77 a|l.15E+06 b|1.17E+04 0.0008 a NA
Chrysene (3) 228.3 5.23E-06 a|6.30E-07 b| 526 a|4.07E+05 b|[3.61E+03 0.002 a NA
Fluoranthene (4) 202.26 8.86E-06 a|5.00E-06 bl 4.74 a|7.94E+04 b|1.11E+03 026 a 1,150 d
Antimony 121.75 0 c ND NA NA 4.50E+01 c CS 1 d
Arsenic 74.92 0 c| ND NA NA 3.10E+01 ¢ CS 44 d
Lead 207.2 0 c| ND NA NA 9.00E+02 ¢ CS 49 d

(1) - (Vkg) stands for (liters/kilogram)

(2) - Kd was calculated as Koc*foc (where foc is assumed to be 2%)
(3) - High Molecular Weight PAH

(4) - Low Molecular Weight PAH

NA- Not available
ND- No data

a- USEPA, 2011. Regional Screening Criteria Chemical Parameters.

b - ATSDR Toxicological Profile for Polycyclic Aromatic Hydrocarbons. August 1995

¢ - USEPA Screening Level Risk Asssessment Protocol for Hazardous Waste Combustion Facilities. August 1999.
d - USEPA, 1986. Superfund Public Health Evaluation Manual. EPA/540/1-86/060.




Table 8

Screening Criteria and Toxicological Endpoints
U.S. Border Patrol Firing Range

Nogales, Arizona

Arizona SRLs USEPA RSLs
Toxicity Residential Non-Residential Residential Industrial
Parameter Endpoint Critical Effect ASRL (1) ASRL (1) RSL RSL
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
Inorganics
Longevity, blood

Antimony nc chemistry 31 410 31 410

Arsenic c 10 10 0.39 1.6

Lead nc Neurotoxicity 400 800 400 800
Polynuclear Aromatic Hydrocarbons

Benzo(a)anthracene c 0.69 21 0.15 2.1

Benzo(a)pyrene c 0.069 2.1 0.015 0.21

Benzo(b)fluoranthene c 0.69 21 0.15 2.1

Benzo(g,h,i)perylene nc NA NA NA NA

Benzo(k)fluoranthene 6.9 210 1.5 21

Chrysene 68 2,000 15 210

Fluoranthene nc Nephropathy 2,300 22,000 2,300 22,000

Notes:

)
NA

nc

Sources:

Criteria for arsenic is based on regional background.

Not Available
Carcinogenic Endpoint
Noncarcinogenic Endpoint

State of Arizona Title 18, Chapter 7, Article 2. Soil Remediation Standards, 2007 Regulatory Levels
USEPA  Regional Screening Level (RSL) Summary Table November 2011




Table9
Ecological Screening Criteria

U.S. Border Patrol Firing Range

Nogales, Arizona

Constituent PAH Mplecular USEPA ESSLs Receptor Source
Weight

I norganics

Antimony 0.27 Mammalian a
Arsenic 18 Plants b
Lead 11 Avian c
Polynuclear Aromatic Hydrocarbons

Benzo(a)anthracene HMW 1.1 Mammalian d
Benzo(a)pyrene HMW 1.1 Mammalian d
Benzo(b)fluoranthene HMW 1.1 Mammalian d
Benzo(g,h,i)perylene HMW 1.1 Mammalian d
Benzo(k)fluoranthene HMW 1.1 Mammalian d
Chrysene HMW 1.1 Mammalian d
Fluoranthene LMW 29 Soil Invertebrate d

LMW - Low molecular weight

HMW - High molecular weight

ESSL - Ecological Soil Sceening Levels
Sources:

a - USEPA 2005. Ecological Soil Screening Levels for Antimony Interim Final. OSWER Directive 9285.7-61

b - USEPA 2005. Ecological Soil Screening Levels for Arsenic Interim Final. OSWER Directive 9285.7-62
¢ - USEPA 2005. Ecological Soil Screening Levels for Lead Interim Final. OSWER Directive 9285.7-70

d - USEPA 2007. Ecological Soil Screening Levels for Polynuclear Aromatic Hydrocarbons (PAHs) Interim Final.

OSWER Directive 9285.7-78




Table9
Ecological Screening Criteria

U.S. Border Patrol Firing Range

Nogales, Arizona

Constituent PAH Mplecular USEPA ESSLs Receptor Source
Weight

I norganics

Antimony 0.27 Mammalian a
Arsenic 18 Plants b
Lead 11 Avian c
Polynuclear Aromatic Hydrocarbons

Benzo(a)anthracene HMW 1.1 Mammalian d
Benzo(a)pyrene HMW 1.1 Mammalian d
Benzo(b)fluoranthene HMW 1.1 Mammalian d
Benzo(g,h,i)perylene HMW 1.1 Mammalian d
Benzo(k)fluoranthene HMW 1.1 Mammalian d
Chrysene HMW 1.1 Mammalian d
Fluoranthene LMW 29 Soil Invertebrate d

LMW - Low molecular weight

HMW - High molecular weight

ESSL - Ecological Soil Sceening Levels
Sources:

a - USEPA 2005. Ecological Soil Screening Levels for Antimony Interim Final. OSWER Directive 9285.7-61

b - USEPA 2005. Ecological Soil Screening Levels for Arsenic Interim Final. OSWER Directive 9285.7-62
¢ - USEPA 2005. Ecological Soil Screening Levels for Lead Interim Final. OSWER Directive 9285.7-70

d - USEPA 2007. Ecological Soil Screening Levels for Polynuclear Aromatic Hydrocarbons (PAHs) Interim Final.

OSWER Directive 9285.7-78




Table 10
Ecological Risk Screening
Shallow Composite and Grab Soil Samples
U.S. Border Patrol Firing Range

Nogales, Arizona

Constituent

USEPA ESSLs

Units

Composite Soil Samples 0 to 12 Inches Below Ground Surface

BPN-4S BPN7S BPN8S BPN-9S BPN-10S | BPN-12S | BPN-13S | BPN142S | BPN-15S | BPN-16S | BPDN-16S| BPN-17S | BPN-18S | BPN-59S | BPN-60S | BPN-61S BP-78S
(Dup)

Inorganics

Antimony 0.27 mg/kg <1.7 4.6 84 27.5 5.9 198 454 125 11.2 417 471 48.2 19.7 27.9 7.1 25.8 399

Arsenic 18 mg/kg 5 5.5 12.1 6.7 5.2 10.2 22.8 10.2 4.8 20.7 22.1 6.8 6.1 6.3 5.6 10.9 16.5

Lead 11 mg/kg 198 920 10,200 3,540 952 22,800 35,200 15,100 1,840 36,400 37,300 6,310 6,940 3,480 2,890 2,680 46,800
|[Polynuclear Aromatic Hydrocarbons
|[Benzo(a)anthracene 1.1 mg/kg NA NA <LOD <LOD <LOD <LOD <LOD <LOD NA <LOD <LOD <LOD NA NA NA NA 0.191
"Benzo(a)pyrene 1.1 mg/kg NA NA <LOD 0.0349 <LOD 0.244 <LOD <LOD NA <LOD <LOD <LOD NA NA NA NA 0.368
"Benzo(b)ﬂuoranthene 1.1 mg/kg NA NA <LOD 0.0345 <LOD <LOD 1.570 <LOD NA 0.72 <LOD <LOD NA NA NA NA 0.279
"Benzo( g,h,i)perylene 1.1 mg/kg NA NA <LOD <LOD <LOD <LOD <LOD <LOD NA ND <LOD <LOD NA NA NA NA 0.267
"Benzo(k)ﬂuoramhene 1.1 mg/kg NA NA <LOD <LOD <LOD <LOD 1.240 <LOD NA ND <LOD <LOD NA NA NA NA <LOD
"Chrysene 1.1 mg/kg NA NA <LOD 0.0529 <LOD 0.226 2.14 <LOD NA 1.180 1.780 <LOD NA NA NA NA 0.359
|[Fluoranthene 29 mg/kg NA NA <LOD <LOD <LOD <LOD 1.780 <LOD NA 0.765 <LOD <LOD NA NA NA NA <LOD

Grab Soil Samples 0 t0o126 Inches Below Ground Surface
Constituent USEPAESSLs [ Units [ BPG-1S | BPG-2S | BPG-3S | BPDG-3S | BPG-4S | BPG-5S | BPG-6S | BPG-7S | BPG-85 | BPG-9S | BPG-10S | BPG-11S | BPG-12S | BPG-13S | BPG-14S | BPG-15S | BPG-16S | BPG-17S | BPG-18S | BPG-19S | BPDG-19S| BPG-20S | BPG-21S | BPG-22S
(Dup) (Dup)
Inorganics

Antimony 0.27 mg/kg 286 428 454 465 48 46.3 29.2 4.2 10 16 2 5.4 7.7 67.7 206 10.9 34.3 44.3 98.4 89.6 96.4 388 311 363

Arsenic 18 mg/kg 13.9 17.2 17.1 18.6 7.1 14.3 8.6 5.8 6.6 7.1 5.2 5.3 5.3 9 16.5 7.5 6.8 10 8.6 8.1 8 16.4 12.4 11.8

Lead 11 mg/kg | 33,100 41,600 49,300 49,300 7,160 4,200 3,220 2,390 6,040 7,000 419 1,250 1,160 9,050 19,000 1,920 5,070 9,480 14,800 11,900 12,700 44,800 38,600 34,700
|[Polynuclear Aromatic Hydrocarbons
||Benzo(a) anthracene 1.1 mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.402 NA NA
|[Benzo(a)pyrene 1.1 meg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.883 NA NA
||Benzo(b)ﬂu0ranthene 1.1 mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.378 NA NA
|Benzo(g,h,i)perylene 1.1 meg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.590 NA NA
||Chrysene 1.1 mg/kg NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA 0.844 NA NA
||F1uoranthene 29 mg/ke NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA NA ND NA NA

Notes:

USEPA United States Environmental Protection Agency

ESSL Ecological Soil Screening Level

NA Not Analyzed

LOD Limit of Detection

mg/kg milligrams per kilogram

<

Less Than
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List of Acronyms and Abbreviations

6104V
ICV
LCS/LCSD
MS/MSD
mg/L
ND
NFG
PAH
PARCC
PQL
QA/QC
RL
RPD
SDG
SVOC
Hg/L
USEPA
VOC
%D

%R
%RSD

Continuing Calibration Verification

Initial Calibration Verification

Laboratory Control Sample / Laboratory Control Sample Duplicate
Matrix Spike / Matrix Spike Duplicate

Milligrams per Liter

Not Detected

National Functional Guidelines

Polyaromatic Hydrocarbon

Precision, Accuracy, Representativeness, Comparability, Completeness
Practical Quantification Limit

Quality Assurance / Quality Control

Reporting Limit

Relative Percent Difference

Sample Delivery Group

Semivolatile Organic Compound

Micrograms per Liter

United States Environmental Protection Agency
Volatile Organic Compound

Percent Difference

Percent Recovery

Percent Relative Standard Deviation
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1. INTRODUCTION

This Data Validation Report has been prepared by Neptune and Company, Inc. to assess the
validity of laboratory analytical data reported by Accutest Laboratories, San Jose California,
Accutest Job Number C18284, report dated 12/12/2011. The laboratory report from Accutest
contained the results for samples analyzed for Poly aromatic hydrocarbons (PAHs) and three
metals (antimony, arsenic, lead). The PAHs were extracted using EPA method SW846 3550B
and analyzed via EPA method 8270C. Two preparation batches OP4694 (aqueous) and
OP4693 (soils) were required for the PAH analyses. For the metals analyses, the samples were
extracted via EPA method 3050B and analyzed using EPA method 6010B under four
preparation batches: MP4058 (aqueous), MP4056 (soil), MP4059 (soil), and MP4064 (soils)
plus one Leachate batch (MP4283). However, none of the samples reported were leachates.

Analysis Number of Samples* Matrix
PAHs 11 (OP4693) Soil
PAHs 1 (OP4694) Aqueous
Metals 22 (four separate Soil
WOs/SDGs)
Metals 22 (four separate Aqueous
WOs/SDGs)

* Sample count does not include QC samples such as Laboratory Blanks, LCS, Matrix Spikes, or similar.

The laboratory reports included summary results for both the samples and quality control
samples analyzed with the sample batches. This summary information included analyte results,
Continuing Calibration Verification (CCV), MS/MSD results, and LCS results for the PAH
analytical suite. PAH data also included surrogate recoveries and internal standard information.
For the metals, internal standard information, ICP Interference Check Sample, ICP Serial
Dilution initial was provided. The metals data were reported along with a reporting limit (RL)
and an instrument detection limit (IDL) for the blank results. PAH results were also provided
with an associated RL. Using the language from the EPA Guidance for Labeling Externally
Validated Laboratory Analytical Data for Superfund Use, data in this project were validated to
Stage 2B. Internal standard areas were also provided with the PAH data and were validated.
However, raw calibration and sample information was not reported by the laboratory, therefore
validation to Stage 4 was not performed.

The laboratory reports were evaluated based on the following documents: Applicable analytical
method (e.g. SW-846 Method 8270C, 6010B), and the general validation steps outlined in the
Contract Laboratory Program National Functional Guidelines for Superfund Organic Data
Review, June 2008, and the Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review, October 2004. Acceptance criteria for the QC samples were based
upon the associated analytical method, or laboratory specific limits where they have been
derived. In cases where the analytical method did not fully describe the quality assurance
criteria or corrective action the DoD Quality Systems Manual for Environmental Laboratories,
Version 4.1 was followed. Professional judgment also may have been used in some cases to
qualify the results.
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This report summarizes the quality assurance evaluation of the data according to precision,
accuracy, representativeness, completeness, and comparability (PARCC) relative to the
National Functional Guidelines. This report provides an assessment of the data and identifies
potential sources of error, uncertainty, and bias that may affect the overall usability. Included
with this report are two Excel spreadsheets that document the validation process, one for the
metals analysis and a second for the PAH analysis. These files are named TPMC Nogales
C18284 Metals Validation.xIlsx and TPMC Nogales C18284 PAH Validation.xIsx.

Qualifiers

J- Estimated: The associated numerical value is an estimated quantity
with a potentially negative bias. The analyte was detected but the
reported value may not be accurate or precise. The "J-" qualification
indicates the data fell outside the QC limits, but the exceedance was
not sufficient to cause rejection of the data.

J+ Estimated: The associated numerical value is an estimated quantity
with a potentially positive bias. The analyte was detected but the
reported value may not be accurate or precise. The "J+" qualification
indicates the data fell outside the QC limits, but the exceedance was
not sufficient to cause rejection of the data.

J Estimated: The associated numerical value is an estimated quantity. It
is not possible to assess the direction of the potential bias. The analyte
was detected but the reported value may not be accurate or precise.
The "J" qualification indicates the data fell outside the QC limits, but the
exceedance was not sufficient to cause rejection of the data.

B The result is associated with blank contamination. The sample result
should be evaluated with respect to the level of contamination and
usability assessed within the decision context.

R Rejected: The datum is unusable (the compound or analyte may or
may not be present). Use of the "R" qualifier indicates a significant
variance from functional guideline acceptance criteria.

uJ Estimated/Nondetected: Analyses were performed for the compound
or analyte, but it was not detected. This qualification is used to flag
possible false negative results in the case where low bias in the
analytical system is indicated by low calibration response, surrogate, or
other spike recovery.

E The analyte exceeded the calibration range of the instrument. There is
greater uncertainty associated with the reported value.

PARCC Criteria

Precision is a measure of the agreement or reproducibility of analytical results under a given set
of conditions. It is a quantity that cannot be measured directly but is calculated from percent
recovery data. Precision is expressed as the relative percent difference (RPD):

RPD = Absolute Value of (D1-D2)/{1/2(D1+D2)} X 100

Where D1 and D2 are the reported concentrations for sample and duplicate analyses.
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An RPD outside the numerical QC limit in either MS/MSD samples or LCS/LCSD indicates
imprecision but does not imply accuracy or allow for directional qualification (e.g. J+ or J-). For
this data set, duplicate results were only reviewed for replicate LCS and MS data. No replicate
native sample results were evaluated.

Accuracy is a measure of the agreement of an experimental determination and the true value of
the parameter being measured. It is used to identify bias in a given measurement system
Recoveries outside acceptable QC limits may be caused by factors such as instrumentation,
analyst error, or matrix interference. Accuracy is assessed through the analysis of spiked matrix
samples and laboratory control samples containing analytes of interest and surrogate
compounds. Surrogate spikes were added to every environmental sample, blank, LCS,
MS/MSD, and standard, for the organic analyses. The soil samples analyzed in this report also
included LCS and MS results. Accuracy of inorganic analyses is determined using the percent
recoveries of MS and LCS analyses.

Percent recovery (%R) is calculated using the following equation:

%R = (A-B)/C x 100
where:
A = measured concentration in the spiked sample
B = measured concentration of the spike compound in the unspiked sample
C = concentration of the spike

Spike recoveries outside the acceptable QC accuracy limits provide an indication of bias, where
the reported data may overestimate or underestimate the actual concentration of compounds
detected. This directional bias information can be used to provide J- or J+ qualification, when
no other qualifiers complicate the datum.

Representativeness is a qualitative parameter that expresses the degree to which the sample
data are characteristic of a population. It is evaluated herein by reviewing the QC results of
blanks, samples and holding times. Positive detects of compounds in the blank samples identify
compounds that may have been introduced into the samples during sample collection, transport,
preparation, or analysis. The QA/QC blanks collected and analyzed are method blanks, trip
blanks, and field blanks.

Contamination found in both the environmental sample and a laboratory blank sample are
usually assumed to be laboratory artifact if the concentration in the environmental sample is less
than 10 times the blank value for common laboratory contaminants or 5 times the blank value
for other laboratory contaminants.

Holding times are evaluated to assure that the sample integrity is intact for accurate sample
preparation and analysis. Holding times will be specific for each method and matrix analyzed.
Holding time exceedances can cause loss of sample constituents due to biodegradation,
precipitation, volatization, and chemical degradation. Sample results for analyses that were
performed after the method holding time but less than two times the method holding time were
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qualified as estimated (J- or UJ). In cases where sample results for analyses were performed
after two times the method holding time, the associated non-detected analytes were qualified as
rejected (R).

Comparability is a qualitative expression of the confidence with which one data set may be
compared to another. In the data validation context it provides an assessment of the
equivalence of the analytical results to data obtained from other analyses. Comparability is also
dependent upon other PARCC criteria, because only when precision, accuracy, and
representativeness are known can data sets be compared with confidence.

Completeness is defined as the percentage of acceptable sample results compared to the total
number of sample results. Completeness equals the total number of sample results for each
fraction minus the total number of rejected sample results divided by the total number of sample
results multiplied by 100. Percent completeness is calculated using the following equation:

%C = (T -R)/T x100
where:
%C = percent completeness
T = total number of sample results
R = total number of rejected sample results

Basis for qualifying data:

Surrogates: Reviewed as part of this validation for EPA method 8270C (PAHs). Recovery limits
were based upon the laboratory limits provided in the report associated with each sample.

ICV/CCV: ICV/CCV samples were qualified with a J- / J+ for all detected analytes in which the
recovery was below/above the QC limit. Limits are discussed in each section below. These
qualifiers apply to all samples within the associated batch. Samples were qualified with a UJ if
the analytes were ND and the recovery was below limit. Samples that were ND, and the
recovery exceeded the QC limit were not qualified.

LCS: LCS samples were provided for EPA method 8270C (PAHs). The data were qualified
with a J- / J+ for all detected analytes in which the recovery was below/above the QC limit.
Limits are discussed in each section below. These qualifiers apply to all samples within the
associated batch. Samples were qualified with a UJ if the analytes were ND and the recovery
was below limit. Samples that were ND, and the recovery exceeded the QC limit were not
qualified.

MS/MSD: MS/MSD samples were qualified with a J- / J+ for all detected analytes in which the
recovery was below/above the QC limit. Limits are discussed in each section below. These
qualifiers only apply to the samples that were spiked. Samples were qualified with a UJ if the
analytes were ND and the recovery was below limit. Samples that were ND, and the recovery
exceeded the QC limit were not qualified.
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Blanks: Samples were compared with blank values. None of the data were associated with
blanks that had concentrations that required qualification or censoring. For the metals results,
all method and continuing calibration check blanks were below the reporting limit. None of the
PAH blanks had any detected concentrations of the analytes.

Method specific checks were included for the metals data, including a serial dilution and
interference check sample. The results are criteria are provided in Section 3.0.

The following sections present a review of QC data for each analytical method.

2. Extractables by GCMS via EPA Method SW846 8270C: PAHs

A total of 1 aqueous sample and 11 soils samples were analyzed for extractable PAHs. The
samples were extracted using EPA SW846 Method 3550B under two preparation batches and
analyzed in three analytical batches (EY477, EY479, and EY481). Sample preparation and
analytical batch information is provided in the associated data validation workbook (Excel
spreadsheet with individual worksheets). Soil samples were selected at a nominal mass of 30
grams and extracted to a final volume of 1.0 mL. Approximately one liter of the single aqueous
sample was extracting and concentrated to 1.0 mL using EPA SW846 Method 3510C prior to
analysis. Eighteen PAH compounds were reported, alog with recoveries for three surrogates.
Dilution factors were provided and RL data were adjusted if samples were diluted. All samples
that had reportable values for the PAH compounds were qualified with a J by the laboratory
because the values were less than the reporting limit (RL), but greater than the method
detection limit (MDL).

None of the sample results were rejected based on holding time or other quality
assurance/control issues. Quality issues for each check are discussed below.

2.1. Quality Control Results

2.1.1. Initial and Continuing Calibration

Initial calibration and initial tuning results were provided for each analytical batch with only
summary results (RSD values for each analyte) provided for the September 7, 2011 initial
calibration. All PAH analytes had RSD values within the limit of 20%.

Continuing calibration data was also provided with each of the three analytical batches. The
response factor for the PAH analytes was compared to the average response factor from the
initial calibration. All values were found to be within 20% deviation of the ICAL.

No data required qualification based upon the calibration data reported.

2.1.2. Laboratory Control Samples (LCS)

A blank spike and blank spike duplicate (equivalent to a LCS and LCS duplicate) were analyzed
and these are associated with both preparation batches. The recovery limits are specific to
each analyte and were reported with the data. In all cases the recovery of the analyte was
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within the laboratory limits, and all RPD values were also in control. No data were qualified
based upon the blank spike results.

2.1.3. Blank Samples
A method blank was prepared and analyzed with both preparation batches. No analytes were
detected. No data were qualified based upon the blank results.

2.1.4. Matrix Spike and Matrix Spike Duplicate

A matrix spike and MS duplicate was prepared and analyzed with each preparation batch. For
batch OP4694, sample C18302-9 was spiked. Note, this sample is a batch-associated sample
but is not a project-associated sample. The recovery was in the laboratory limits for all analytes.

For batch OP4693, sample C18284-27 was spiked. This sample had recoveries above the
acceptance limits for Benzo(a)pyrene, Benzo(b)fluoranthene, and Benzo(k)fluoranthene.
Benzo(a)pyrene, Benzo(b)fluoranthene were identified in the native sample and are qualified as
J+. Benzo(k)fluoranthene was not reported for the native sample, since the spike recover was
above the limit, the results do not indicate a potential for false negative or false positive and no
qualification is applied.

Table 2.1.4-1

Data Qualified due to Matrix Spike Recoveries

Sample Recovery (limits) Associated analytes and
Qualifiers

C18284-27 (BP78S6) Benzo(a)pyrene 115%/107% | J+ for Benzo(a)pyrene,
(39-112%) Benzo(b)fluoranthene, and
Benzo(b)fluoranthene Benzo(k)fluoranthene
119%/106% (40-117%)
Benzo(k)fluoranthene
131%/122% (41-117%)

2.1.5. Surrogate and Internal Standard Recoveries

All samples were spiked with three surrogate compounds prior to extraction. Surrogate
recovery limits are laboratory specific and reported with the summary information. The recovery
of the spiked surrogate compounds were within the limits with the following exceptions:

Samples C18284-39 and C18284-40 has low Nitrobenzene-d5 recovery (15% and 18%). The
laboratory attributed these low recoveries to matrix interference- viscous matrix. Samples
C18284-28 and C18284-29 also had low recoveries for Terphenyl-d14 (47% and 54%) again
due to viscous sample matrix. The laboratory was contacted to verify the association between
surrogates and analytes. These analytes have been qualified in the EDD provided with this
report.

Table 2.1.5-1

Data Qualified based on Surrogate Recovery
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Sample Surrogate and Recovery Associated analytes and
(limits) Qualifiers
C18284-39 (BPN10S6) Nitrobenzene-d5: 15% (20- Associated analytes qualified
100%) with a UJ- (all non detects)
C18284-40 (BPN9S6) Nitrobenzene-d5: 18% (20- Associated analytes qualified
100%) with a J- or UJ- (all non
detects)
C18284-28 (BPN16S6) Terphenyl-d14: 47% (55- Associated analytes qualified
130%) with a J- or UJ- (all non
detects)
C18284-29 (BPDN16S6) Terphenyl-d14: 54% (55- Associated analytes qualified
130%) with a J- or UJ- (all non
detects)

The laboratory also spiked the sample extracts with six internal standards, these data are
provided on page 112 of 293 in the laboratory report. All internal standards were recovered
within the laboratory limits. This indicates the analysis of the sample was in control, and that the
low surrogate recovery was isolated to the extraction step.

2.2. Summary

Data were qualified for one matrix spike sample (C18284-27) for two analytes. Four samples
were qualified due to low surrogate recoveries. No other PAH data required qualification, all
data are considered usable.

3. Metals via EPA Method SW846 6010B: Antimony, Arsenic, Lead

A total of 68 soil and three aqueous samples were analyzed for metals (antimony, arsenic and
lead) using EPA Method 6010B. The samples were first extracted using EPA Method 3050B.
Six instrument QC and five preparation QC batches were required for all samples and matrices.

None of the sample results were rejected based on holding time or other quality
assurance/control issues. Reporting limits were provided with the samples with nominal values
of 1.7 -1.8 mg/kg when no dilution was required. Lead was found at fairly high concentrations in
several samples, this required dilution of the samples.

3.1. Quality Control Results

3.1.1. Initial and Continuing Calibration
An initial calibration check was performed and the QC limits of 90-110% were met for all initial
calibration check standards.

Continuing calibration checks were analyzed to bracket the samples with recovery limits 90-
110%. All continuing calibration checks met these requirements.

No data required qualification due to the calibration data provided.

10




W N -

O 00 N O U»n

10
11
12
13

14
15
16
17
18

19
20
21
22
23

24
25
26
27

28
29

30
31

32
33

3.1.2. Laboratory Control Samples (LCS)

A spike blank sample was analyzed with each of the five batches. The blank spike limits are 80-
120%. All three analytes were within limits, no data were qualified based on spike blank and
laboratory control sample results..

3.1.3. Blank Samples

A method blank was analyzed with each batch. All method blanks were below the RL and the
MDL with the following exceptions. In batch MP4064, antimony and lead had results above the
MDL. Arsenic and lead had method blank concentrations above the MDL in batch MP4283.
However, since the values were below the RL, no qualification of the samples was required.

3.1.4. Matrix Spike Samples

A matrix spike and matrix spike duplicate was analyzed with each batch. The recovery limits of
75-125% were met with the following exceptions. Qualifiers due to matrix spike samples are
summarized in Table 3.1.4-1.

In batch MP4056 sample 18284-8 had low antimony recovery (35% and 33%); and negative
lead (-22.2% and -153%) recovery. The low antimony is likely due to matrix interferences. This
sample is qualified as J- for antimony. The low lead recoveries are associated with the very
high ratio of native lead to the spiked amount of lead. When this ratio is very large, poor
recovery is not uncommon; as such no data are qualified for lead.

In batch MP4059 sample 18284-27 high antimony recovery (136% and 181%); and very high
lead (5184% and 11880%) recovery. The high antimony is likely due to matrix interferences.
This sample is qualified as J+ for antimony. The very high lead recoveries are associated with
the very high ratio of native lead to the spiked amount of lead. When this ratio is very large,
poor recovery is not uncommon; as such no data are qualified for lead.

In batch MP4064 sample C18284-49 showed low antimony MS recoveries (18% and 40%)
possibly due to matrix interference. Again in this sample lead had high recovery (222% and
444%) due to the high native to spike concentrations. This sample is qualified J- for antimony
only.

Table 3.1.4-1

Data Qualified due to Matrix Spike Samples
Spike
Sample Analyte Samples Qualifier
MS, MP4056 | Antimony | C18284-8 J-
MS, MP4059 | Antimony | C18284-27 J+
MS, MP4064 | Antimony | C18284-49 J-

3.1.5 Serial Dilutions
The laboratory prepared and analyzed serial dilutions for each batch. The QC limits for serial

dilutions are generally calculated as the percentage difference between the original and diluted
result, where the original has a concentration greater than 50 times the detection limit. Different
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acceptance criteria are used depending upon the project requirement. The analytical method
uses a criterion where the diluted value should be within 90-110% of the original value. Using
the acceptance range of 90-110% of the original (undiluted) value, the following dilutions were
slightly outside of this range:

Arsenic in batch MP4056 was above the QC limit at 11.5 % difference calculated by the
laboratory or 12.7 RPD using the equation above. The value is outside the 90-110% range
specified by the method. This difference indicates possible matrix interference. Sample
C18284-8 is qualified due to this difference.

Lead in batch MP4058 and Arsenic in batch MP4283 were above the QC limit at 100% and
294.7%. However, this percent difference is acceptable due to low initial sample concentrations
that were less than 50 times the IDL.

For the lead in batch MP4059, the original value was 456000 and the diluted value 412000.
The laboratory reported a % difference of 20.8%. However, using the method limits of 90-110%
or the original, the diluted value is within this range.

The serial dilution in batch MP4064 was above the 110% upper limit for antimony, arsenic, and
lead, which indicates possible matrix interference. Sample C18284-29 is qualified due to this
difference. Qualifiers due to serial dilutions are summarized in Table 3.1.4-2.

Table 3.1.5-1
Data Qualified due to Serial Dilutions
%
Serial Dilution Sample Analyte Difference | Qualifier
SDL, MP4056 C18284-8 Arsenic 11.5 J
SDL, MP4064 C18284-29 | Antimony 17.1 J
Arsenic 16 J
Lead 18.2 J

3.1.6 Post digestion spike

A post digestion spike is required as part of the analytical method when matrix spike recoveries
are not within the QC limits. Matrix spike results were discussed in Section 3.1.4 above. QC
limits were not specified for the post digestion spike by the laboratory. The analytical method
specifies an acceptance range of 75-125% of the known value (spike amount).

For this data set, the percent recoveries ranged between 88 and 108% with the following
exceptions. In batch MP4059 (sample C18284-27), lead had a percent recovery of 1000.3% and
was noted as having a spike amount that was low relative to the sample amount. This
anomalous recovery is again very likely due to the very large difference between the spike
amount and native concentration (circa 100:1). Therefore, the data are not qualified.
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3.2. Summary
The following samples were qualified due to QC exceedances, no data are rejected and all
results are considered usable.

Sample 18284-4 is qualified as J- for antimony due to the matrix spike results.
Sample 18284-27 is qualified as J+ for antimony due to the matrix spike results.
Sample C18284-49 is qualified J- for antimony due to the matrix spike results.
Sample C18284-8 is qualified J for arsenic due to the serial dilution results.

Sample C18284-29 is qualified J for antimony, arsenic, and lead, due to the serial dilution
results.

4. PARCC

Precision and accuracy assessments were included in each individual section above. The
precision and accuracy of the data are considered acceptable with the qualifiers included.

Representativeness: All holding times were met as described at the beginning of each section.

No significant blank contamination was found. The representativeness of the project data is
considered acceptable.

Comparability: The laboratory used standard analytical methods for all of the analyses. No
method detection limit information was provided to compare with the reporting limits but in all
cases a reporting limit was provided with each datum. The PAH data was all qualified by the
laboratory as a result of data below the reporting limit. There is no information provided that
would question the comparability of the results. The overall comparability is considered
acceptable.

Completeness: No results were rejected based on this data validation. The completeness level

attained for the samples was 100 percent.
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whre sample within hald time? I No 0 Ay W\

Are sample in danger of exceeding hold-time . Yes /

RN 2 o new pryeet 0

gémsllng Client? Q\\‘M\’ Yes / @ Existing Project? Yes I@

If Mo: Is Report to Info complete and legible, including;
@deliverable Name  pAddress gpfione  @e-mail
is Bill to info complete and legible, including;
o PO# oCreditcard o Contact naddress ophone o e-mail
Is Contact andfor Project Manager identified, Including;

z’f)hone pre-mail
a’ﬁroject name / number
o’Special requirements? Yes !@
o/Sample 1Ds / date & time of collection provided? @I No
&Is Malrix fisted and correct? @I No
& Analyses listed, we do, or client has authorized a subconfract? No ‘
«Chain is signed and dated by both client and sample custodian? @I No ;
& TAT requested available? (Ye3 / No Approved by _ Py :
Review Coolers:
#Were all Coclers temperatures measured at <6°C? @I No
= {f cooler s outside the £6°C; note down the affected bottles in that cooler on the left
e samples on fee? es /) No

Note that ANC does NOT accept svidentiary samples. (We de not lock refrigerators)

#'Shipment Received Method FeA’Eé
czf:usiody Seals: WQ\’ Present: No If Yes; Unbroken: @ No
@ mlo BLI!

Revlew of Sample Bottles: If yvou answer no, explain to the side
fChain maiches bottle labels? @I No wSample bottle intact? @I No
p/(s there enough sample volume in preper bottle for requested analyses? @ /Na
o Proper Preservativas?  Yes / No

Check pH on preserved samples except 1664, 625, 8270 and VOAs; make notes on lefi.

o Headspace-VOAs?  Greater than 6mm in diameter Yes /No
List sample iD and affected container

Non-Compliance issues and discrepancies on the COC are forwarded to Project Management

WAccunca.accutest.comideptsiqalsops\sop_completelist_2010\current_active_sop_oct_2010\sc001f1 _0_form1_samplecontrol_samplereceivingchecklist_2008-01-01.doc
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Accutest NC Job #: C
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st.é& 'Analysls .
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-2 Client 7 Reporting Infermation I

=] Project Information

Company Name

TR I, fULC

Binis, Rl
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Address

Streat

//é’O RUME (5 st AE, .
ﬁlﬁ URW SR Ques, L1kl ST/

Ty Sate

e fiss AZ

Project Contact:

Arei Kioase.

e

eas- 936-3/33

Project # 6'3‘2,3?
EMAIL:
EELia kil P TP Ot Potap ; et

Samplers’s Nape .
Cani s JIWE

Cl‘ﬁl u(;ﬁc?ﬂ:e()rderf/ “"‘37)”?“:; p

V- Wastewaler

G- Ground Waler
SW. Surface Water

50- 50l

Ol-0%
WP-Wipa

LIQ - Nonraqueous Liquid
AR

DW- Diinking Water
(Perchiorale Only)

Collection Number of preserved Bottles

270 LA

Accuiest " - —
Sample 201} st | lzlglalyl 8lz] 8 LAB USE ONLY
iD Sampie 1D / Field Point f Point ef Collection Date Time |[Sampledby| Metix jbotttes | 21 21 £ {3 | 8 5|8 &

b 13 Cons 50 | / v
S/
501/
ol
/
/
/

1 BPIED2S
L |BPUID /S
A BPO YLD JE
¢ BOADAYD/IE
5 1BRPUABD/E
b |BPAIID 2
A |BPOLHD /&
-8 pﬂﬁ"?b 9 ®)
~4 | BPOGrD /8
-lo PRub/ D /Y

: Turnaround Time { Business days) i
Approved By:f Date:
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S50
S0
S0 |/
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zﬁ@@c— well)

Data Deliverable Information
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Camments [ Remarks

Sompcisn Evensr  Ceyuloye

REDT1- Level 3 data package
E:] FULT1 - Level 4 data package
[ ] EOF for Geotracker [ ] EDD Format
Provide EDF Global ID

k.

Standard TAT Ku
AL
% 3 Day {appticable markup)

2 Day {applicable markup}

vl Cory e

1 Day {applicable markup}

Provide ED¥ Logcode:

_ Emergency TJ'A data available ViA Lablink

x B | Sample Custody must be documented belov}\each time sq(-nples change possession, Including courier delivery. AR
Rellnqulsheﬁ i)y San, Date Timox? o7,/ Recelveu\%)tyw\ / % q' O Relinquished By: Dafe Time: Recetved By:

1 % Y, W atedl lp-0b-l_|2 2
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Accutest Laboratories Northern California Sample Receiving Check List

_Review Chain of Cusfody —Ghain of Custody is to be complete and legible.
pf-\re these regulatory (NRBES) samples? GW‘A@P’D) (@l No
ps pH reqt.fgé_fmt;ci_‘?_ Yes I@
0 Was Client informed that hold time is 16 min? Yes / No Continue Yes/ No
o Was ortho-Phosphate filtered with in 15 min? Yes / No Continue Yes/ No
grhre sample within hold time? @l No
Are sample in danger of exceeding hold-time Yes /|

xisling Client? '@/ No Existing Project? @f No
If No: Is Report to info complete and legible, including;
o deliverable nName o Address o phone o e-mail
Is Bill to info complete and legible, including;
0 PO# oCreditcard o Contact paddress o pheone o e-mail
Is Contact and/or Project Manager Identified, inciuding;
a phone n e-mail
o Project name / number

g/Special requirements? No

Job#: C|8248

Initial: EX

Client Sampls [D

pH Check

Other Commentsilssues

oSample 1Ds f date & time of collection provided? @l No
&is Matrix listed and correct? (Yes) No
& Analyses listed, we do, or client has aulhorized a subconiract? No
@' Chain is signed and dated by both client and sample custodian? @I No
& TAT requested available? (Ye3 /No Approved by __ Py

Review Coolers:  whiyl ppx B4 veevld moa copler

&Were all Coolers temperatures measured at £6°C? Yes l@
« I cooler is outside the <6°C; nofe down the affected bottles in that ccoler on the feft
re samples on lce? Yes /fNo

Note that ANC does NOT accept evidentiary samples. (We do not lock refrigerators)

wShipment Received Method Fed X
wCuslody Seals: Present: No If Yes; Unbroken: @ No

Review of Sample Bottles: if you answer no. explain to the side
oChain maiches bottle labels? @I No wSample bottle indact? i@l No
affs there enough sample velume in proper botlle for requested ahalyses? @I No
a Proper Preservalives?  Yes/No

Check pH on preserved samples except 1664, 625, 8270 and VOAs; make notes on left.

o Headspace-VOAs?  Greater than 6mm in diameter Yes / No
List sample ID and affected container

Non-Compliance issues and discrepancies on the COC are forwarded to Project Management

\WAccunca.accutest.comidepis\qa\sopsisop_completelist_2010\current_active_sop_oct_2010\sc001f1_0_form1_samplecontrol_samplereceivingchecklist_2008-01-01.doc
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Photo 1
View of U.S. Border Patrol Firing Range
Photo taken facing East

Photo 2
View of U.S. Border Patrol Firing Range

Photo taken facing Southeast
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Photo 3
View of West End of U.S. Border Patrol Firing Range, Including Back Stop Berm
Photo taken facing Southwest
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Photo 4

Interior of Covered Firing Area
Photo taken facing South
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Photo 5
View of Surrounding Undeveloped Land
Photo taken facing Northeast

Photo 6
TPMC Technician Acquiring Survey Point

Page | 3



Photo 7
Surveyed Sampling Grid
Photo taken facing West

Photo 8
TPMC Technician Collecting Soil Sample
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Photo 9
TPMC Technician Screening Soil Sample with X-Ray Fluorescence Instrument
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Photo 10
#8-Size Sieves used to segregate Fine Soils from Coarse Material and Bullet Fragments
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Photo 11
TPMC Technician Sieving Soil Samples

Photo 12
Soil Sample Packaging
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Photo 13
Bullet Fragments from Coarse Portion of Soil Sample BPG21S

Photo 14
Shotgun Wadding on Ground Surface at the U.S. Border Patrol Firing Range
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™ Trade Mark

TPMC TerranearPMC, LLC

USACE U.S. Army Corps of Engineers
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USEPA U.S. Environmental Protection Agency
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Volume Il Feasibility Study
U.S. Border Patrol Firing Range
Nogales, Arizona

1.0

1.1

INTRODUCTION

This Feasibility Study (FS) describes alternatives to address Constituents of Concern
(COC) hazards at the U.S. Border Patrol (USBP) firing range in Nogales, Arizona. This
document was prepared by TerranearPMC, LLC (TPMC) of Albuquerque, New Mexico,
in partial fulfillment of the requirements of Task Order No. 0039 under Contract
W9126G-06-D-0016. Contracting Officer’s Representative and technical oversight
responsibilities for the tasks described in this document were provided by the U.S. Army
Corps of Engineers (USACE), Fort Worth District.

The one-half acre Site is located on the west side of Nogales Arizona (Figures 1 and 2),
and consists of the USBP firing range. The USBP firing range contains structural
improvements and buildings related to small-arms shooting and target practice activities
(Figure 3). The buildings and structures at the site consist of:

« An open-sided covered firing deck on concrete slab, located at the eastern end of the
range, approximately sixty feet by fifteen feet,

» Two wooden storage sheds, one adjoining the southern end of the covered firing deck
(approximately ten feet by fifteen feet), and the other located east of the firing deck
(approximately eight feet by five feet),

« Three concrete slab target staging pads, each oriented parallel to and west of the
covered firing deck; each approximately sixty feet by ten feet,

« An approximately twelve foot-high earthen backstop berm at the western edge of the
site.

The site has been formally identified by the USBP in the RI, and is referred to as the
USBP firing range in the FS.

The USBP Firing Range Remedial Investigation/Feasibility Study (RI/FS) report is
divided into two parts: the Remedial Investigation (RI) is Volume 1 and the FS is
Volume Il. The RI phase of work has been completed for the USBP firing range. This
FS report only addresses the one-half acre USBP firing range proper and not the
adjoining properties. This RI/FS meets the requirements of the Comprehensive
Environmental Response, Compensation and Liability Act (CERCLA).

SCOPE OF FEASIBILITY STUDY
The purpose of this FS is to identify Remedial Action Objectives (RAOs), identify and
screen potential response actions that may meet the RAOs, assemble the response actions

TERRANEARPMC, LLC 1-1 June 2014
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into remedial alternatives to address any potential COC hazards at the USBP firing range,
and evaluate the remedial alternatives using established criteria.

The objective of the FS is the development, screening and detailed analysis of remedial
action alternatives to remediate the USBP firing range in Nogales, Arizona. The
remediation of the COCs will be the final remedial action to be taken by the USBP.

This FS is designed to provide a screening of a focused list of possible remedial
technologies followed by a detailed evaluation of selected alternatives. The detailed
evaluation of alternatives involves the analysis of a wide variety of factors using the best
professional judgment.

This FS was prepared based upon data presented in the R1. This FS uses the following U.
S. Environmental Protection Agency (USEPA) publications: Guidance for Conducting
Remedial Investigations and Feasibility Studies under CERCLA, dated October 1988 as
amended by the 1986 Superfund Amendments and Reauthorization Act, A Guide to
Preparing Superfund Proposed Plans, Records of Decision, and Other Remedy Selection
Decision Documents, dated July 1999, and the National Oil and Hazardous Substance
National Contingency Plan (NCP) (USEPA 1994a) as a guideline. The Government
requires that the FS prepare detailed analyses of remedial alternatives using nine criteria.
The analyses include:

Threshold Criteria
1. Overall protection of human health and the environment;
2. Compliance with Applicable or Relevant and Appropriate Requirements
(ARARS);
Primary Balancing Criteria
3. Long-term effectiveness and permanence;
4. Reduction of toxicity, mobility, or volume;
5. Short-term effectiveness;
6. Implementability;
7. Cost;
Modifying Considerations
8. Government acceptance; and
9. Community acceptance.

The analyses of the alternatives individually against each criterion compared against one
another will be used to determine the respective strengths and weaknesses and to identify
key trade-offs that must be balanced for the site. The results of the detailed analyses are
summarized so that an appropriate remedy consistent with CERCLA can be selected.
The purpose of the FS process is not the unobtainable goal of removing all uncertainty,
but rather to gather and present information to support an informed risk management
decision for the most appropriate remedial action for the site. The FS approach described
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12

in the guidance documents will be tailored to site-specific circumstances and modified to
consider the inherently unique aspects of conducting remedial activities at the USBP
firing range. The FS consists of two general steps as listed and described briefly below:

1. Identification and screening of a focused list of possible remedial technologies; and
2. Detailed evaluation of remedial alternatives using process options within viable
technology types.

In the first step, technology types are identified, screened, and selected or eliminated
from further consideration on the basis of effectiveness, implementability and cost. The
identification and screening of technology types is presented in Section 2.1. In the
second step, viable process options are assembled into the site-specific remedial
alternatives that are described and evaluated; this step is presented in Section 2.3.
Process options are techniques for implementing each remedial technology. A Proposed
Plan will be prepared to identify the preferred remedial alternative.

REPORT ORGANIZATION
This FS report is organized into eight sections as follows:

1.0 Introduction: This section describes the purpose and objectives of the FS and
presents background information on the RI/FS process.

2.0 Remedial Approach: This section summarizes USBP firing range RI results, defines
the areas for which remedial alternatives are developed, and presents the RAOs and
potential ARARs.

3.0 Development and Screening of Alternatives: This section identifies the range of
applicable general response actions for COCs hazard management at the USBP firing
range and a screening of general response actions and process options.

4.0 Identification and Analysis of Remedial Alternatives: This section presents
identified remedial alternatives for the USBP firing range.

5.0 Comparative Analysis of Remedial Alternatives: This section evaluates and
compares remedial alternatives based on nine evaluation criteria for the USBP firing
range.

6.0 Process to Identify and Select a Remedial Alternative: This section summarizes
the CERCLA process for identifying and selecting a remedial alternative for
implementation.

TERRANEARPMC, LLC 1-3 June 2014
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7.0 Approval Process: This section describes the approval process for documenting the
preferred alternative(s) for implementation at the USBP firing range.

8.0 References: This section provides a list of references cited in this report.
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2.0

2.1

2.2

2.3

REMEDIAL APPROACH

SUMMARY OF RI RESULTS

The general premise of the RI process for USBP firing range is that soil contamination
exists throughout the site (Figure 1) for which an investigation is required to define the
nature and extent of the COCs. The following describes the conclusions of the USBP
firing range RI.

REMEDIAL ACTION OBJECTIVES

RAOs drive the formulation and development of response actions. The primary RAOs

for the USBP firing range are based upon the hazard assessment results presented in the
RI Report and USEPA’s threshold criteria of “Overall Protection of Human Health and
the Environment” and “Compliance with ARARs”.

Soil COCs related to historical USBP operations within the site were detected during the
RI and the RAOs address these COCs in terms of human health and the environment.
The exposure pathways for potential receptors to USBP firing range COCs are:

« Direct contact with soil COCs and COC source materials remaining at USBP
firing range.

 Ingestion the soil COCs at the USBP firing range.
» Inhalation the soil COCs at the USBP firing range.

Based upon the hazard assessment and the RI/FS Guidance, the following RAOs were
developed for the protection of human health and environment:

« Prevent or reduce the potential for receptors to come in direct contact with soil COCs
and COC source materials remaining at USBP firing range.

» Prevent the potential for receptors to ingest the soil COCs at the USBP firing range.

« Prevent the potential for receptors to inhale the soil COCs at the USBP firing range.

As stated previously, these objectives are considered to be the basic requirement for the
selected remedial action (RA) alternative for the USBP firing range.

CONSTITUENTS OF CONCERN

As noted in the RI, soil COCs related to historical USBP operations within the firing
range site were detected in soil samples collected during the R1. The specific COCs are
summarized as follows:

TERRANEARPMC, LLC 2-1 JUNE 2014
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241

» Lead, antimony and arsenic originated from spent munitions from small arms firing at
the USBP firing range. Lead, antimony and arsenic are constituents used in the
manufacture of bullets and shotgun pellets.

* Polynuclear Aromatic Hydrocarbons (PAH) originated from spent munitions from
small arms firing and targets at the USBP firing range. The PAHs are components
used in the manufacture of plastic shotgun shell wadding and clay pigeon targets.

The lead, antimony, arsenic and PAH components from spent munitions were released to
the environment through physical abrasion and chemical weathering of the spent small
arms munitions and clay pigeon targets. Relevant information is presented in the FS
sections that follow for each COC to allow evaluation of the remedial alternatives.

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

Section 121(d)(l) of CERCLA states that remedial actions on CERCLA sites must attain
(or the decision document must justify the waiver of) any ARARs, which include
environmental regulations, standards, criteria, or limitations promulgated under federal or
more stringent state laws. An ARAR may be either applicable or relevant and
appropriate, but not both.

To qualify as a state ARAR under CERCLA and the NCP, a state requirement must be:
1) a standard, requirement, criterion, or limitation under a state environmental or facility
siting law; 2) promulgated (of general applicability and legally enforceable); 3)
substantive (not procedural or administrative); 4) more stringent than the federal
requirement; 5) identified by the state in a timely manner; and 6) consistently applied.
ARAR identification considers a number of site-specific factors including potential
remedial actions, compounds at the site, site physical characteristics, and site location.
ARARs are usually divided into three categories: chemical-specific, location-specific,
and action-specific.

Potential Chemical-Specific ARARS
Chemical-specific ARARSs are health- or risk-based numerical values or methodologies.
These values are protective of human health and the environment, and establish the
acceptable amount or concentration of a chemical that may be found in or discharged to
the ambient environment. For the USBP firing range site, the potential media of concern
is soil. Lead, antimony, arsenic and PAH COCs were detected above Arizona residential
soil remediation levels (SRL) and USEPA residential regional screening levels (RSL) for
soil, indicating a chemical hazard to human health or the environment exists at the USBP
firing range. The preliminary site cleanup levels for COCs at the site are shown in the
following table:
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Preliminary Site Cleanup Levels

Arizona SRLs USEPA RSLs
Constituent . . Non- . . ) ) Units
Residential Residential Residential Industrial
SRL SRL RSL RSL

Inorganic
Antimony 31 410 31 410 mg/kg
Arsenic 10 10 0.39 1.6 mg/kg
Lead 400 800 400 800 mg/kg
Polynuclear Aromatic Hydrocarbons
Benzo(a)anthracene 0.69 21 0.15 2.1 mg/kg
Benzo(a)pyrene 0.069 2.1 0.015 0.21 mg/kg
Benzo(b)fluoranthene 0.69 21 0.15 0.21 mg/kg
Benzo(g,h,i)perylene NA NA NA NA mg/kg
Benzo(k)fluoranthene 6.9 210 15 21 mag/kg
Chrysene 68 2,000 15 210 mg/kg
Fluoranthene 2,300 22,000 2,300 22,000 mg/kg

242

243

SRL = Arizona soil remediation levels
RSL = USEPA regional screening levels

Groundwater and surface water were removed from consideration in the RI planning
phase as potential chemical exposure pathways because there was no indication of lead,
arsenic, antimony or PAH contamination of these media resulting from USBP activities.

Potential Location-Specific ARARs
Location-specific ARARS govern activities in certain environmentally sensitive areas.
These requirements are triggered by the particular location and the proposed remedial
activity at a site. No potential location-specific ARARs have been indentified for the
USBP firing range.

Potential Action-Specific ARARs
Action-specific ARARs are restrictions that define acceptable treatment and disposal
procedures for hazardous substances. These ARARs generally set performance, design,
or other similar action-specific controls or restrictions on remedial measures. The
following potential action-specific ARAR has been identified for the USBP firing range:

Code of Federal Regulations (CFR) - 40 CFR 262, Standards Applicable to Generators
of Hazardous Waste, 40 CFR 266, Standards for the Management of Specific
Hazardous Wastes and Specific Types of Hazardous Waste Management Facilities and
40 CFR 268.7 and 268.9 RCRA Land Ban Disposal requirements.
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. 40 CFR 262 and 266 specify requirements for waste generators to consider if any
contaminated soils are generated during remediation that require disposal.

For each of the remedial alternatives developed in Section 4, their compliance with
ARARs are evaluated and compared in Section 5.
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3.0

3.1

DEVELOPMENT AND SCREENING OF ALTERNATIVES

SCREENING OF ALTERNATIVES

A screening evaluation was conducted to determine remedial technologies that may be
effective components for the RA alternatives. Technologies selected for inclusion in this
FS were identified through experience with similar projects and information available in
published literature, particularly the Remediation Technologies Screening Matrix and
Reference Guide (USEPA 1994b). A number of technologies were screened using the
following criteria (USEPA 1988):

- Effectiveness - Short-term and long-term protection of human health and the
environment, the degree of protection as it relates to the treatment objectives, the
degree of destruction or immobility achieved as it relates to the treatment objectives,
and reliability of the considered technology;

. Implementability - The degree of difficulty in implementing the technology due to
site-specific circumstances, the associated risks and limitations of the technology,
feasibility, and limitations of the available technology or process options considered;
and

« Cost — Implementation costs, including capital, operations and maintenance, and
monitoring costs.

A description of each technology and a general evaluation of the technology based on the
three screening criteria above (effectiveness, implementability, and cost) will be
presented in the table, Possible Remedial Technology Screening (Table 1). The
following summarizes the potential remediation technologies screened using the above
criteria while Table 1 identified technologies that meet threshold and primary balancing
criteria:

1. No Action

The NCP and the USEPA guidance require inclusion of the No Action alternative for an
FS. According to the NCP, the level of treatment achieved by the other alternatives must
be compared to the required expenditures of time and materials as an integral part of the
remedy selection process. To achieve this comparison, the NCP requires the inclusion of
the No Action alternative to serve as a baseline by which to compare the other potential
alternatives.

2. Grade and Cap
The site will be graded utilizing the existing on site soils from the berm and other soil
components of the firing range. An impervious cap is added and final grading to maintain
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the surface runoff away from the capped area. If necessary clean fill is added and graded
to direct surface runoff away from the area. The final step is to add top soil and seed with
native vegetation.

3. Soil Stabilization

Stabilization, or chemical treatment as it is often referred to, adds reagents to the
contaminated soils to form less soluble compounds while controlling pH to produce a
range of minimum solubility. Because stable an insoluble to less soluble compounds are
formed, stabilized waste is considered protective of groundwater.

If Apatite Il or other proven stabilization reagents are used no treatability test will be
required.

4. Off-Site Landfill

The baseline approach on closure of firing ranges is to excavate the soil, load the soil
onto over-the-road trucks with end dumps, and transport the soil to an appropriate
landfill. Before that approach is selected, the contractor/owner will need to confirm
whether the soil meets the criteria to be classified as Resource Conservation and
Recovery Act (RCRA) hazardous waste or not. This determination is made by testing
appropriate constituents using the Toxicity Characteristic Leaching Procedure (TCLP)
method is required to select the appropriate landfill.

5. Soil Solidification

Solidification generally refers to adding pozzolanic material to a waste to reduce
permeability and surface area. These pozzolans are usually alkaline materials, which can
often increase the solubility of metals in many disposal environments. The most common
form of solidification is a cement process. This technology involves the addition of COC
soil to cement or a cement-based mixture, which thereby may limit the solubility and
does limit the mobility of the waste based agent into the contaminated materials.
Solidification may be implemented in situ (in place mixing) or ex situ by excavating the
materials, machine-mixing them with a cement-based agent, and depositing the solidified
mass in a designated area. The goal of this process is to limit the spread of contaminated
material via leaching. The end product resulting from the solidification process is a
monolithic block of waste with high structural integrity. Types of solidifying/stabilizing
agents include Portland cement, gypsum, modified sulfur cement, consisting of elemental
sulfur and hydrocarbon polymers, and grout, consisting of cement and other dry materials
such as acceptable fly ash or blast furnace slag. Processes utilizing modified sulfur
cement are typically performed ex situ.

If Portland cement is used as the solidification material no treatability test will be
required.
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6. Sieve, Sort and Removal

Sieve, Sort and Removal consolidates waste materials for recycling and reduces the COC
mass in the soil. The physical-sizing process uses sequential wet-screening steps, the
first of which is deagglomeration (breaking up soil clumps by mechanical means). Wet
screening provides dust-free operation and sharp particle-size fraction cuts. For each
screening step, “plus” and “minus” fractions are generated, with actual cut points based
on the treatability study data. The goal of wet screening is to partition the particulate
metal contamination into narrow-size fractions to facilitate effective gravity separation
and to partition soil particles containing organic COCs into the smallest size fraction for
subsequent classification.

For free-flowing sandy soils with little oversize material, other than spent projectiles,
simple dry screening may be sufficient to recover the bullets in a condition suitable for
recycling. The practical lower limit for screen size is Y-inch. For soils containing
measurable clay content:

+ Significant volumes of soil in the screen reject pile
* Plus-size soil fraction, or
+ Soils requiring particulate removal below %- inch

dry screening is generally not feasible.

7. Bioremediation/Phytoremediation

Phytoremediation is the only bioremediation method applicable to soils at sites such as
the USBP firing range. Phytoextraction is the removal of inorganic COCs from above-
ground portions of the plant (Anderson and Coats, 1994). When the shoots and leaves
are harvested, the inorganic COCs are reclaimed or concentrated from the plant biomass.
The advantages of phytoremediation are the low input costs, soil stabilization, pleasing
aesthetics (no excavation), and reduced potential leaching of inorganic COCs from the
soil. The limitations of phytoremediation are: the annual operation and maintenance
efforts are extended over many years; the plant must be able to grow in the contaminated
soil or material; and the soil diffusion/transport of metals to the rhizosphere must be
sufficiently fast and complete to allow uptake of most metals from the soil relative to
leaching to groundwater. When this technology is effective, the plant biomass should be
contaminated above hazardous criteria and, thus, would necessitate proper handling and
disposal, which leads to increased costs. Phytoremediation is passive and will take up to
20 years or more for COCs concentrations to reach regulatory levels at most range sites
and is expected to take longer in an arid environment. Therefore, phytoremediation is not
appropriate for sites that pose an immediate threat or risk to human health, or for clients
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3.2

3.3

3.4

who require rapid cleanup. No actual lead contaminated range site has been successfully
amended with phytoremediation.

POTENTIAL REMEDIAL TECHNOLOGIES (RETAINED FOR FURTHER
EVALUATION)

The following remedial technologies have been retained after screening for effectiveness,
implementability, and cost:

. Off-Site Landfill
« Soil Stabilization
« Soil Solidification
« Cap and Grade

. Sieve and Sort

DEVELOPMENT OF REMEDIAL ALTERNATIVES

The retained remedial technologies identified in Section 3.2 were selected based on the
overall effectiveness, implementability and cost. However, a combination of various
technologies has provided improved results based on the synergism between
technologies. Therefore, various combinations of the selected technologies to develop
the potential remedial alternatives were used. Those alternatives are presented and
described below in Section 3.4.

SUMMARY OF REMEDIAL ALTERNATIVES
The following remedial alternatives were evaluated for the site Remedial Action:

. Alternative 1: Limited Off -Site Landfilling, Soil Stabilization and Cap and Grade
« Alternative 2: Sieving, Soil Stabilization and Cap and Grade

. Alternative 3: Off-Site Landfilling, Soil Solidification and Cap and Grade

« Alternative 4: Off-Site Landfilling

Each one of these remedial alternatives is a complete alternative, a selection of which
will allow the Government to meet the proposed remedial objective. Each alternative
may contain common and optional components.
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4.0

4.1

4.2

42.1

IDENTIFICATION AND ANALYSIS OF REMEDIAL ALTERNATIVES

A description of each of the developed remedial alternatives and an evaluation of the
alternatives, individually, using the nine USEPA FS evaluation criteria (USEPA 1999) is
presented below. This section is designed to provide sufficient and relevant information
to decision makers so that they can make an adequate comparison of the alternatives,
select the appropriate site remedy, and determine the likelihood of achievement of the
remedial objectives.

EVALUATION CRITERIA

The criteria used in evaluating the remedial alternatives are listed in Section 1.1.

The first two criteria, categorized as “Threshold Criteria,” are criteria that each
alternative must meet to be eligible for further comparative analysis. The third through
seventh criteria represent the primary criteria upon which the analysis is based. The last
two criteria are discussed herein with respect to each individual alternative; however,
comparative analysis will be further addressed following comments on the FS by the
commenting public agencies. The evaluation and comparative analysis of alternatives is
intended to provide the rationale for the selection of the preferred remedial alternative to
be implemented at the site.

DETAILED ANALYSIS OF ALTERNATIVES

This section provides a detailed analysis of each alternative on the basis of the nine
USEPA FS evaluation criteria listed in Section 1.1. A comparative analysis of the
retained alternatives is provided in Section 5. Lead, arsenic and antimony will be
referred to as COC metals.

Alternative 1: Limited Off-Site Landfilling, Soil Stabilization and Cap and
Grade

Description of Limited off-Site Landfilling, Soil Stabilization and Cap and Grade

The first step of alternative 1 is to remove the highest concentrations of COC metals and
PAH soils that are above site remediation levels. Soil will be stockpiled using X-Ray
Fluorescence (XRF) as a screening tool to separate the soil piles by concentrations of lead
above 400 milligrams per liter (mg/L) and less than 400 mg/L. Lead levels are used as an
indicator by association for the presence of antimony, arsenic and PAHs. The areas of
excavation will be confirmed to meet soil remediation levels with post excavation soil
sampling and laboratory analysis. The stockpiled soils, after confirmatory laboratory
sampling and analysis, will be transported to an appropriate landfill. The removal areas
comprise select areas of the backstop berm firing range and parking lot. The second step
will be to treat any remaining stockpiles that were below site remediation limits and in-
place soils to a depth of 12 inches with a soil stabilization amendment. This method
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stabilizes lead and arsenic using a natural and benign additive, Apatite 11, derived from
processed fish bones, which chemically binds lead and arsenic into stable, insoluble
minerals. Apatite Il is suitable for most types of soil and groundwater and for
contamination concentrations from parts per billion to weight percent levels. The third
step involves installation of an impervious cap and soil layer over the site and subsequent
grading of the cap and soil to direct infiltration and runoff away from the capped area.

Evaluation of Alternative

421.1 Overall Protection of Human Health and the Environment
The combined technologies should protect human health and the environment by removal
of soil exceeding the remediation goals off-site, isolation and stabilization of COCs.
When soil removal is completed, any remaining lead and arsenic should be stabilized.
Cap and grading of the remaining soil areas will prevent infiltration of runoff waters
contacting and mobilizing any remaining lead and arsenic and other COC metals and
PAHs.

The effect on human heath for landfilling off-site, grading and soil stabilization would be
short-term exposure by contact, inhalation or ingestion of dust in ambient air created on
the site during Apatite Il emplacement, grading and capping. Any health effects for on-
site workers can be mitigated by engineering controls and personnel protection gear. As
long as the cap is maintained, no human or environment exposure is expected.

4.2.1.2 Compliance with Site Remediation Levels
Landfilling off-site of the metals and PAHs will meet the site remediation levels for lead,
arsenic, antimony and PAHs. For any lead and arsenic that has not been removed, the
Apatite Il will stabilize the lead to average leaching levels of 0.0065 mg/l and arsenic to
average leaching levels of 0.04 mg/l. Apatite Il also reduces the bioaccessibility on
average by 27 percent (%) (ESTCP, 2006). If the PAHs and antimony are not removed to
an off-site landfill, the cap and grade procedure will isolate the PAHs and antimony from
human and ecological activities as long as the cap is maintained.

4.2.1.3 Long-Term Effectiveness and Permanence
The removal of the highest metal and PAH concentrations to an off-site landfill is a
permanent site solution. The grading and capping of the site is permanent as long as it is
not open to disturbance and deteriation over time. Apatite Il provides long-term non-
reversible metal sequestration. Apatite Il can hold up to 20% of its weight in lead, or
other metals, which are stable under a wide range of environmental conditions for
geologically long time periods.
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If the cap is disturbed or removed the effectiveness of isolating the remaining antimony
and PAHSs will be removed and these constituents can enter migratory pathways to human
or ecological targets.

4.2.1.4 Reduction of Toxicity, Mobility, or Volume

By removing the metals and PAHSs, landfilling off-site permanently reduces toxicity,
mobility and volume of these constituents on site. Apatite Il works to sequester metals
by four general, non-mutually exclusive processes depending on the metal, the
concentration of the metal, and the aqueous chemistry of the system: by heterogeneous
precipitation on the surface of the Apatite I, by buffering the pH, by surface chemi-
adsorption, and by biological stimulation, which remediates metals as well as PAHSs.
The cap and grading of the site prevents infiltration of waters into the non-stabilized
metal and PAH areas and thus halts the mobility, but does not reduce the toxicity or
volume of these constituents.

4.2.1.5 Short-term Effectiveness
Landfilling off-site and grading and capping the site will immediately reduce metals and
PAHSs concentrations in surface soils to below the site remediation levels. The soil
stabilization with Apatite Il will, over time, remove the remaining lead and arsenic from
human availability and will reduce bioavailability. The capping and grading will
immediately reduce the availability and mobility of any remaining metals and PAHs by
moving runoff and infiltrating water away from these constituents.

4.2.1.6 Implementability
Landfilling off-site and cap and grade can be implemented with locally available
earthmoving equipment and over the highway trucking. Soil stabilization can be
implemented with similar earthmoving equipment and is completed in place. The soil
stabilization amendment can be mixed directly with the contaminated soil, used as a liner,
or mixed with grout, clay, and other reactive media.

4.2.1.7 Cost
Landfilling for off-site disposal ranges from $380 to $400/cubic yard and grade and cap
ranges from $25 to $27/cubic yard. Apatite Il costs ranges from $30 to $40 per cubic
yard of treated soil. The final cost depends on the total cubic yardage when combining
the three remediation technologies: cubic yardage estimate for limited landfilling is
3,000, the cubic yardage estimate for cap and grade is 2,000; and the cubic yardage
estimate of the remaining soils for soil stabilization is 4,000. By combining the three
remediation technologies, the cubic yardage for landfilling is reduced, the cubic yardage
for cap and grade remain constant and the amount of Apatite 11 is reduced to 2,000 cubic
yards.
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4.2.2

4.2.1.8 Regulatory Acceptance
To be addressed in the Decision Document.

4.2.1.9 Community Acceptance
To be addressed in the Decision Document.

Alternative 2: Sieving, Soil Stabilization, and Cap and Grade

Description of Sieving, Soil Stabilization, and Cap and Grade

The first step of this alternative is to remove the metals fraction that is greater than ¥4
inches in diameter using sieving and recycling the metals. For free-flowing sandy soils
with little oversize material other than spent projectiles, simple dry screening may be
sufficient to recover the bullets in a condition suitable for recycling. The practical lower
limit for screen size is - inch. The second step will be to treat the remaining metals in
place and loose soils with a soil stabilization amendment Apatite Il. This method
stabilizes metals using a natural and benign additive. Apatite 11 derived from processed
fish bones which chemically bind metals into stable, insoluble minerals. Apatite Il is
suitable for most types of soil and groundwater and for contamination concentrations
from parts per billion to weight percent levels. The third step involves installation of an
impervious cap over the site and subsequent grading of the cap to isolate the remaining
COC metals and PAHs by directing surface waters and runoff away from the capped
area.

Evaluation of Alternative

4.2.2.1 Overall Protection of Human Health and the Environment
The combined technologies of alternative 2 will protect human health and the
environment by removal of bullet fragments. When completed, any remaining lead and
arsenic should be stabilized and the antimony and PAH isolated from migratory pathways
by the graded cap. If the cap is disturbed or removed PAHSs and antimony will be able to
enter migratory pathways and create limited exposure to humans and the environment.

4.2.2.2 Compliance with Site Remediation Levels
The sieving process will remove lead particles greater than ¥ inch in diameter thus
reducing the small arms munitions derived lead, arsenic and antimony at the site. For any
lead that has not been removed through sieving the Apatite Il will stabilize the lead to
average leaching levels of 0.007 mg/L and the arsenic to average leaching levels of 0.04
mg/L. The Apatite 11 also will produce an average reduction of bioaccessibility by 27%
(ESTCP, 2006). If the PAHs and antimony are not removed by sieving, the cap and
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grade procedure will isolate the PAHs and antimony from human and ecological
activities as long as the cap is maintained.

4.2.2.3 Long-term Effectiveness and Permanence
The removal and subsequent recycling of metals by sieving is a permanent site solution
for a portion of the lead, arsenic, and antimony and PAHs. The grading and cap of the
site, as long as it is left undisturbed, is also permanent. Apatite Il is effective in long-
term sequestration of metals. It reduces the bioavailability of the metals if the treated
soils are ingested, particularly important for public health concerns and wildlife. Apatite
Il can hold up to 20% of its weight in lead and other metals, which are stable under a
wide range of environmental conditions for geologically long time periods.

If the cap is disturbed or removed the effectiveness of isolating the remaining antimony
and PAHSs will be removed and these constituents can enter migratory pathways to human
or ecological targets.

4.2.2.4 Reduction of Toxicity, Mobility or Volume
Apatite Il works to sequester metals by four general, non-mutually exclusive processes
depending on the metal, the concentration of the metal, and the aqueous chemistry of the
system: by heterogeneous precipitation on the surface of the Apatite I1, by buffering the
pH, by surface chemi-adsorption, and by biological stimulation, which remediates metals
as well as PAHSs.

The sieving and recycling process, of the greater than ¥-inch portion of the small arms
munitions constituents, removes the toxicity, mobility, and volume of sorted metal
constituents completely. The cap and grading of the site prevents infiltration of waters
into the non-stabilized metal and PAH areas and thus halts the mobility, but does not
reduce the toxicity or volume.

4.2.2.5 Short-term Effectiveness
Sieving and removing a portion of the COCs from the soil on the site will immediately
reduce lead, arsenic and antimony of the portion sieved to levels below USEPA SRLs
and Arizona RSLs. The soil stabilization with Apatite Il will, over time, remove the
remaining lead and arsenic from human availability and will reduces bioavailability. Cap
and grade will isolate both the larger fraction of the spent projectiles remaining, the finer
portion of the spent projectiles, the antimony and the PAHs immediately after the cap is
put into place.

4.2.2.6 Implementability
Grade and cap can be implemented with locally available earthmoving equipment and
over the highway trucking. Soil stabilization can be implemented with similar
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423

earthmoving equipment and is completed in place. The stabilization amendment can be
mixed directly with the contaminated soil, used as a liner, or mixed with grout, clay, and
other reactive media.

For free-flowing sandy soils with little oversize material other than spent projectiles,
simple dry screening may be sufficient to recover the bullets in a condition suitable for
recycling. The practical lower limit for screen size is ¥ inch. Sieving soils containing a
measurable clay content, significant volume of soil in the screen reject pile or soils
requiring substantial COC removal below ¥s-inch screen dry screening are generally not
feasible.

4.2.2.7 Cost
Sieving and disposal ranges from $25 to $27/cubic yard and cap and grade ranges from
$27 to $29/cubic yard. Apatite Il costs are from $30 to $40 per cubic yard of treated soil.
The final cost depends on the cubic yardage of each of the treatment methods: cubic
yardage estimate for sieving is 5,800; the cubic yardage estimate for cap and grade is
2,000 and the cubic yardage estimate for soil stabilization is 7,000.

42.2.8 Regulatory acceptance
To be addressed in the Decision Document.

4.2.2.9 Community acceptance
To be addressed in the Decision Document.

Alternative 3: Limited Off-Site Landfilling, Soil Solidification and Cap and
Grade
Description of Limited Off-Site landfilling, Soil Solidification and Cap and Grade
The first step of this alternative is to remove the metal and PAH-contaminated soils in the
backstop berm that are above the site remediation levels, with confirmatory sampling, to
an appropriate landfill. The second step will be to treat the remaining soils with a soil
solidification amendment such as Portland cement. Solidification refers to the physical
changes in the contaminated material when Portland cement is added as a binding agent.
These changes include an increase in compressive strength, a decrease in permeability,
and condensing of hazardous materials. The third step involves installation of an
impervious cap over the site and subsequent grading of the cap to direct surface waters
and runoff away from the capped area.

Evaluation of Alternative

4.2.3.1 Overall Protection of Human Health and the Environment

The combined technologies will protect the human health and environment by removal,
isolation and solidification. After the landfilling, the remaining soils potentially
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containing metals and PAHs will be solidified by mixing with Portland cement. When
this solidification process is completed, any remaining metals and PAHSs should be
encased in a solid, low permeability unit. Infiltration and runoff of waters will be
isolated from contact with the remaining metals and PAHs when the cap and grading is
completed. No destructive process concerning the COCs will be initiated by these steps,
only removal and isolation.

If the cap is disturbed or removed, minor leaching and/or aeolian transport of remaining
PAHs and metals may occur. This would allow them to enter migratory pathways and
create limited exposure to humans and the environment.

4.2.3.2 Compliance with Site Remediation Levels
Landfilling off-site of metals and PAHs will meet the site remediation levels for lead,
arsenic, antimony and PAHs. For any metals and PAHSs that have not been removed,
Portland cement will be used to solidify the metals, to isolate the metals and PAHs from
the environment and reduce leachability of these constituents. Soil solidification also
reduces the bioaccessibility. The cap and grade procedure will also further isolate the
PAHs and metals from human and ecological activities as long as the cap is maintained.

Compliance with environmental screening levels will be met by removal and isolation as
no destructive processes will implemented at the site. Disturbance of the cap and/or the
solidified soils may allow remaining metals and PAHSs to enter migratory pathway and
thus exceed environmental screening levels in some instances.

4.2.3.3 Long-term Effectiveness and Permanence
The removal of metals and PAHSs to an off-site landfill is a permanent site solution. The
grading and capping of the site is not permanent as it is open to disturbance and
deteriation over time if not maintained. Soil solidification, if not exposed to weathering
conditions, is stable for geologically long time periods.

4.2.3.4 Reduction of Toxicity, Mobility, or Volume
By removing the metals and PAHS, landfilling off-site permanently reduces toxicity,
mobility and volume of these constituents on site. Site soil solidification works to reduce
mobility by isolation. Soil solidification does not reduce volume nor does it reduce
toxicity. But, if the metal and PAHs are isolated from migratory pathways, the toxicity
effects of the constituents cannot impact humans or the environment. The cap and
grading of the site prevents infiltration of waters into the non-stabilized metal and PAH
areas and thus halts the mobility, but does not reduce the toxicity or volume of these
constituents. Because the major components of this alternative, cap and grade and the
solidification, do not reduce the toxicity of the COCs, it will not be retained for further
consideration.
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42.4

4.2.35 Short-term Effectiveness
Off-site landfilling and grading and capping the site will immediately reduce
concentration of metals and PAHSs in surface soil and a portion of the subsurface soil
levels to below site remediation levels. The soil solidification with Portland cement will
immediately remove the remaining metals and PAHSs in terms of bioavailability and
reduce mobility beneath the cap. The capping and grading will immediately reduce the
availability and mobility of any remaining metals and PAHSs not solidified by moving
runoff and infiltrating waters away from these constituents.

4.2.3.6 Implementability
Off-site landfilling and grade and cap can be implemented with locally available
earthmoving equipment and over the highway trucking. Solidification also requires
locally available soil handling equipment and stabilizing agents such as Portland cement.
More innovative agents may require importation. A treatability study may be required to
determine proper mix of soil and solidification amendment if Portland cement is not used
as the solidification amendment.

4.2.3.7 Cost
Landfilling cost for off-site disposal ranges from $380 to $400 per cubic yard and grade
and cap ranges from $27 to $29 per cubic yard. Solidification costs range from $100 to
$110 per cubic yard of treated soil. The final cost depends on the cubic yardage of each
of the treatment methods: cubic yardage estimate for off-site landfilling is 3,000, the
cubic yardage estimate for cap and grade is 2,000 and the cubic yardage estimate for soil
solidification is 4,000.

4.2.3.8 Regulatory Acceptance
To be addressed in the Decision Document.

4.2.3.9 Community Acceptance
To be addressed in the Decision Document.

Alternative 4: Off-Site Landfilling

Description of Off-Site Landfilling

This alternative removes the COC metals and PAHSs from all contaminated soils that are
above site remediation levels with confirmatory soil sampling to an appropriate landfill.
The removal areas compromise the backstop berm, firing range proper and parking lot.
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Evaluation of Alternatives

4241 Overall Protection of Human Health and the Environment
This technology will protect human health and the environment by removal of all COC
metals and PAHs. The effect on human health of off-site landfilling would be short term
exposure to dust on site during excavation, stockpiling and loading for transport in
ambient air by inhalation.

4.2.4.2 Compliance with Site Remediation Levels
Landfilling off-site of all soils containing COC metals and PAHs will meet the site
remediation levels for lead, arsenic, antimony and PAHSs.

4.2.4.3 Long-term Effectiveness and Permanence
The removal of COC metals and PAHSs to an off-site landfill is a permanent site solution.

4.2.4.4 Reduction of Toxicity, Mobility, or Volume
By removing the COC metals and PAHSs, landfilling off-site permanently reduces
toxicity, mobility and volume of these constituents on site.

4.2.4.5 Short-term Effectiveness
Landfilling off-site will immediately reduce metals and PAHSs surface levels to below site
remediation levels. Short term exposure to air borne dust for construction workers during
excavation, stockpiling and loading operations will occur. Any health effect on site
workers can be mitigated by engineering controls and personnel protection gear.

4.2.4.6 Implementability
Landfilling off-site and grade and cap can be implemented with locally available
earthmoving equipment and over the highway trucking.

4.2.4.7 Cost
The cost of landfilling for off-site disposal ranges from $380 to $400/cubic yard. The
final cost depends on the cubic yardage to be landfilled. Cubic yardage estimate for
landfilling is 7,000.

4.2.4.8 Regulatory Acceptance
To be addressed in the Decision Document.

4.2.4.9 Community Acceptance
To be addressed in the Decision Document.
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4.3

ALTERNATIVES RETAINED FOR COMPARATIVE ANALYSIS

Each of the developed alternatives has been described and evaluated on the basis of the
nine USEPA FS evaluation criteria. Alternatives 1, 2 and 4 are considered acceptable for
further evaluation on a comparative basis in Section 5, whereas alternative 3 is not
retained for further analysis.
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5.0

5.1

N
N

COMPARATIVE ANALYSIS OF REMEDIAL ALTERNATIVES

In Section 4.2, the various remedial alternatives were described and evaluated
individually for suitability for the USBP site remedial action. In this section, the retained
alternatives are compared with each other using the five primary balancing USEPA
evaluation criteria.

The retained alternatives are compared to evaluate the relative merits and deficiencies of
each alternative relative to one another so that the better alternatives can be identified and
ranked in terms of the various evaluation criteria.

The retained alternatives evaluated comparatively are referred to as follows:

« Alternative 1: Limited Off-Site Landfilling, Soil Stabilization, and Cap and Grade
« Alternative 2: Sieving, Soil Stabilization, and Cap and Grade
« Alternative 4: Landfilling Off-site

The retained alternatives 1, 2 and 4 meet the threshold criteria. Consistent with USEPA
(1988) guidance, further comparative assessment of the alternatives is reserved for the
more detailed analyses covered under the primary balancing criteria: long-term
effectiveness and permanence, reduction of toxicity, mobility or volume, short-term
effectiveness, implementability and cost.

LONG-TERM EFFECTIVENESS AND PERMANENCE

Alternative 1 - The limited off-site landfilling of selected areas of the USBP firing range
COC metals and PAHSs is a permanent site solution for the cubic yardage landfilled
(3,000). Stabilization and cap and grade provide isolation from migratory pathways for
the remaining COC metals and PAHSs cubic yardage (4,000).

Alternative 2 - Sieving, sorting and recycling is a permanent site solution of the greater
than ¥z-inch portion of the COC metals from the cubic yardage sieved (7,000).
Stabilization and cap and grade provide isolation from migratory pathways for the
remaining COC metals and PAHSs.

Alternative 4 - The removal of all COC metals and PAHSs to an off-site landfill is a
permanent site solution for the site (estimated cubic yardage 7,000).

REDUCTION OF TOXICITY, MOBILITY, OR VOLUME

Alternative 1 - The limited off-site landfilling of COC impacted soils from the USBP
firing range will permanently remove the COC metals and PAHSs for 3,000 cubic yards of
soil. The sieving and recycling process, of the greater than ¥-inch portion of the small
arms munitions from the remaining 4,000 cubic yards of soil, removes the toxicity,
mobility and volume of these constituents permanently from the site. For the remaining
lead and arsenic in the 4,000 cubic yards of soil, stabilization will effectively remove the
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5.3

5.4

toxicity and mobility of these constituents, and the remaining antimony and PAHS, the
cap and grade will isolate these constituents and reduce the mobility to zero.

Alternative 2 - The sieving and recycling process, of the greater than ¥-inch portion of
the small arms munitions from 7,000 cubic yards of soil removes the toxicity, mobility
and volume of these constituents permanently from the site. For the remaining lead and
arsenic in the 7,000 cubic yards of soil, stabilization will effectively remove the toxicity
and mobility of these constituents, and the remaining antimony and PAHs will be isolated
by the cap and grade that will reduce the mobility to zero.

Alternative 4 - By removing all the soils (estimated 7,000 cubic yards), containing lead,
antimony, arsenic and PAHs that exceed USEPA SRLs to off-site landfills the toxicity,
mobility and volume of all these constituents is permanently removed from the site.

SHORT-TERM EFFECTIVENESS

Alternative 1 and 2- Comparatively, the sieving and stabilization remediation techniques
will also create short term exposure during excavation, grading and sieving. The short-
term exposure risk can be mitigated by engineering controls. When the stabilization,
capping and grading and/or sieving is complete the short-term effectiveness will be
effective immediately by isolation and/or stabilization.

Alternative 4 - Landfilling all soils impacted with COC metals and PAHSs off-site will
create short-term exposure during excavation, grading and loading. The short-term
exposure risk can be mitigated by engineering controls. When the soils have been
removed from the site, this remediation will be immediately effective by removal of the
COGCs.

IMPLEMENTABILITY

Alternative 1- Stabilization of lead and arsenic will require a specialized amendment such
as Apatite 1. Landfilling off-site and capping and grading can be implemented with
locally available earthmoving equipment and over the highway trucking.

Alternative 2 - Sieving requires specialized sieve and sort screens that are typically not
locally available. Sieving for free-flowing sandy soils with little oversize material, other
than spent projectiles, simple dry screening may be sufficient to recover the bullets in a
condition suitable for recycling. The practical lower limit for screen size is ¥%- inch.
Stabilization of lead and arsenic will require a specialized amendment such as Apatite 11.
Capping and grading can be implemented with locally available earthmoving equipment

Alternative 4- Landfilling off-site can be implemented with locally available earthmoving
equipment and over the highway trucking.
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5.5

5.6

5.7

COST

Alternative 1- Limited landfilling, stabilization, and cap and grade costs per cubic yard
are estimated to be $380 to $400, $30 to $40 and $27 to $29, respectively. The estimated
cubic yardage for landfilling, stabilization and cap and grade are 3,000, 4,000 and 2,000,
respectively. With a final cost estimated to range from $1,380,000 to $1,418,000.

Alternative 2 - Sieving, stabilization and cap and grade costs per cubic yard are estimated
to be $25 to $27, $30 to $40 and $27 to $29, respectively. The estimated cubic yardage
for sieving, stabilization and cap and grade are 5,800, 7,000 and 2,000, respectively.
With a final cost estimated to range from $409,000 to $584,360.

Alternative 4- Landfilling for off-site disposal for soils containing COCs ranges from
$380 to $400 per/cubic yard. The removal yardage to a landfill for all soils containing
COCs off-site is estimated to be 8,917 cubic yards. With a final cost estimated to range
from $3,583,708to $3,762,048.

REGULATORY BODY ACCEPTANCE
USEPA and Arizona acceptance will be addressed in the Decision Document following
comments on the FS report.

COMMUNITY ACCEPTANCE
Community acceptance will be addressed in the Decision Document following comments
on the FS report.
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6.0

PROCESS TO IDENTIFY AND SELECT A REMEDIAL ALTERNATIVE

The U.S. Customs and Border Protection will identify a preferred remedial alternative
based upon comments received from the regulatory agencies and project stakeholders
during the review period of the Draft Final RI/FS Report. The Proposed Plan will be
prepared after the FS is finalized. The preferred remediation alternative will be presented
along with other alternatives in the Proposed Plan, and will be available for public
review. The preferred alternative will be presented in a public meeting and the public
will be allowed to comment on the Proposed Plan during a 30-day public comment
period. Section 7 further discusses the process for identifying the preferred remedial
alternative.
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7.0 APPROVAL PROCESS
The approval process for the USBP firing range RI/FS and the process for selecting the
remedial alternative include the following components:
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Prepare the Final RI/FS report for regulatory agencies and project stakeholder
review.

Prepare a Proposed Plan to solicit public input on the remedial alternatives and
preferred remedial alternative. The Proposed Plan will present alternatives
evaluated in the FS.

Solicit public comments on the Proposed Plan during a 30-day review period.

Arrange a public meeting on the Proposed Plan during a 30-day review period
where written and verbal comments can be submitted. This meeting is announced
in a local paper.

Prepare a Decision Document (DD) that (1) summarizes the results of the RI/FS,
(2) includes a responsiveness summary that summarizes any public comments
received on the Proposed Plan and includes responses to comments, and (3)
specifies the details of the selected remedy(s), including plans for development
and submittal of a RD/RA Work Plan.

Announce the decision regarding the remedy selection in a major local
newspaper and place copies of the RI/FS, Proposed Plan, and DD in the
Administrative Record and local information repositories.
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Table 1 Remedial Technology Screening for COC metals and PAHs in Soils
U.S. Border Patrol Firing Range
Nogales, Arizona

Remedial Remedial In Situ or Ex s : s Estimated Screening
S : Treatability Test Effectiveness Implementability , 3
Technology Description Situ Costs (site specific) Status
May require long term
ot destructive, does not reduce monitoring, extensive site
Not d tive, d d itoring, extensi i
: mobility, does not reduce toxicity of characterization and risk Do not retain for
No Action na na none contaminants and does not protect assessment modeling, no $6,000/ year further evaluation.
human health or the ecology power consumption, easy to
implement.
Involves installation of an Easy to implement. Requires
impervious cover on the site and . Effective method if cap is maintained either synthetic cover or Retain for further
ap an rade subsequent back fill and grading of X oltu none over the long term. Cap will require source of low permeability o cubic yar )
Cap and Grad b back fill and grading of Ex Sit he | Cap will requi fl bil $27 to $25/ cubic yard evaluation
clean fill to direct surface runoff maintenance. material and heavy equipment
away from the area. for grading and backfill.
Continuous monitoring of the site is
Solidification refers to the physical required in order to ensure the . . .
changes in the COC material when contaminants have not re-assembled. Reg;::gl?nloc:eallali arﬁzﬁbalﬁ;o”
. Portland cement is added as a Environmental factors such as freezing— solidif i?\ g :nts More )
In Situ binding agent. These changes Ex Situ / In Sit thawing and wetting—drying were the innovativ)tla ag er?ts may require $90 to $110/ cubic Retain for further
Solidification include an increase in compressive X Slu /in Ssitu yes focus of many studies dealing with the importation gTreatabiI};t sqtud yard evaluation
strength, a decrease in permeability, strength of Solidification. It was found rep uired to‘ determine yro ery
and condensing of hazardous that freezing and thawing had the most q mix prop
materials adverse effects on the durability of the ’
treated materials
. ) Requires locally available soil
OC;oenr;[(a;lrg ;I;?jn\j;tﬁirr? ggﬁgﬁg db?nu:sds Particularly effective for metals. Long- handling equipment and
i . s term effectiveness has not been proven stabilizing agents. More :
In_ _Sltu_ or a chemical reaction is induced Ex Situ /In Situ yes for all metals, thus there is a potential innovative agents may require $30 to $40/ cubic yd. Retain for further
Stabil tion between the stabilizing agent and - . ) i evaluation
apliizatio contaminants to reduce their long-term liability as some metals importation. Treatability study
mobility remain on site in an immobilized state. required to determine proper
) mix.
| Tenponcoc mewrestos | A Remecdy, il does 0| laconmorseric waer | 538010 400/ cublc | et for e
Off-Site Landfill permitted off-site treatment and Ex Situ none . o . can be done within the state of .
. . be placed in a specialized landfill Y . yard evaluation
disposal facility designed for zero leachate production Nevada within a distance of
9 P : 800 miles.
Using various size sieves the lead Moderatelv level of
bullets, shot gun pellets, shotgun Permanent Remedy for small arms Implementabilit{/ as it entails
. wadding and brass casings are . munitions debris, but does not remove e L . Retain for further
Sieve and Sort separated from the excavated soils Ex Situ none the fine weathered material which moleallluziatrl.:gn?fasn%ef:oliglzed $25 to $27/ cubic yard evaluation
and then sorted for recycling or contain a large portion of the COCs qh pm .
disposal. earthmoving equipment.
Phytoremediation is passive and will While phytoextraction is
Phytoextraction is the removal of take up to 20 years or more for proven to remove lead from
inorganic contaminants from above- contaminant concentrations to reach soils, the relatively high levels
i iati ground portions of the plant. When . ] regulatory levels at most range sites. of lead at small arms firing ; .
Bloremedla.tlo.n/ the shoots and leaves are In Situ or Ex Situ yes Therefore, phytoremediation is not ranges the time required for $175/ Cyblc yard per fa?hl?terve;ﬁjgtfg;
Phytoremediation harvested, the inorganic COCs are appropriate for sites that pose an effective phytoextraction growing season :
reclaimed or concentrated from the immediate threat or risk to human render this technique
plant biomass. health, or for clients who require rapid impractical as a range
cleanup. remediation tool.




Table 2 Final Alternative Remedial Technology Comparative Screening for COC metals and PAHs in Soils
U.S. Border Patrol Firing Range
Nogales, Arizona

: . . . Reduction of i :
Remedial Remedial In Situ or | Treatability - - Long and Short . Estimated Screening
Alt. L ) Toxicity, Mobility : Implementability Costs (site
Technology Description ExSitu Test Term Effectiveness > Status
or Volume Specific)
Transport COC materials to a Limited landfilling off-site will Short and long term permanent Moderate to difficult to implement.
permitted off-site treatment and permanently reduce the toxicity, remedy, though it does not include Shipping small to moderate amounts
disposal facility. mobility and volume of a select destruction, and material must be of lead, antimony,arsenic and PAH
amount of the COCs. placed in a specialized landfill wastes can be done by transporting
Contaminants are physically bound designed for zero leachate production. | to the state of Nevada approved
or enclosed within a stabilized Soil stabilization creating mineral landfill which is a distance of 800
mass or a chemical reaction is transformation will effectively Particularly effective for metals. Long- | miles.
Limited Off-site induced between the stabilizing remove the toxicity and mobility term effectiveness has not been
. . agent and contaminants to reduce of the remaining lead and arsenic | proven for antimony and PAHSs, thus Easy to moderate level of
1 Landfilling, Soil their mobility. Ex Situ/In Situ es but not the PAHs or antimony. there is a potential for long-term implementability as it requires locally $1,380,000 to Retain for further
Stabilization and Y liability if antimony and PAHs are available soil handling equipment and $1,418,000 evaluation
Involves installation of an Cap and grade will isolate all found in high amounts exceeding stabilizing agents. More innovative
Cap and Grade impervious cover on the site and COCs and thus reduce the government standards. Antimony and | agents may require importation.
subsequent back fill and grading of mobility and potential toxicity to PAHSs will remain on site in an isolated | Treatability study required to
clean fill to direct surface runoff zero. state. determine proper mix.
away from the area.
Effective method if cap and drainage Easy to implement. Requires either
is maintained over the long term. Cap synthetic cover or source of low
and grade may require maintenance. permeability material and heavy
equipment for grading and backfill.
Using various size sieves the lead Sieving will remove will remove Sieving and disposal is a short and Moderate level of implementability as
bullets, shot gun pellets, shotgun the large masses of spent bullets, | long term permanent remedy for small | it entails mobilization of specialized
wadding and brass casings are pellets, and shot gun wadding arms munitions debris, but does not equipment and local earthmoving
separated from the excavated soils permanently removing large remove the fine weathered material equipment.
and then sorted for recycling or particle (>1/4 inch) portions of all | which contains a portion of the COCs.
disposal. COCs. Easy to moderate level of
Stabilization is particularly effective for | implementability as it requires locally
Sievi ng Soil Contaminants are physically bound Soil Stabilization will be mineral metals. Long-term effectiveness has available soil handling equipment and
. . or enclosed within a stabilized . . transformation will effectively not been proven for antimony, or stabilizing agents. More innovative $409,000 to Retain for further
2 Stabilization and mass or a chemical reaction is Ex Situ /In Situ yes remove the toxicity and mobility PAHSs thus there is a potential long- agents may require importation. $584 360 evaluation
Cap And Grade induced between the stabilizing of the remaining lead and arsenic | term liability. Antimony and PAHs will Treatability study required to !
agent and contaminants to reduce but not the PAHSs or antimony. remain on site in an isolated state. determine proper mix.
their mobility.
Cap and grade will isolate all Effective method if cap and drainage Easy to implement. Requires either
Involves installation of an COCs and thus reduce the is maintained over the long term. synthetic cover or source of low
impervious cover on the site and mobility and potential toxicity to Grade may require maintenance. permeability material and heavy
subsequent back fill and grading of zero. equipment for grading and backfill.
clean fill to direct surface runoff
away from the area.
Transport COC materials to a Landfilling off-site of the COCs Permanent Remedy, though it does Difficult to implement. Shipping large
permitted off-site treatment and impacted soils will permanently not include destruction, and material amounts of lead, antimony, arsenic
4 Landfilling Off-Site disposal facility Ex Situ none reduce their toxicity, mobility and | must be placed in a specialized landfill | and PAH wastes can be done by $3,583,708 to Retgivnalfggtfil;rnther

volume

designed for zero leachate production.

transporting to the state of Nevada
approved landfill which is a distance
of 800 miles.

$3,762,048
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