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Executive Summary

A Preliminary Assessment/Site Inspection (PA/SI) was conducted at Site Unexploded Ordnance (UX0O)-25 — Verona
Loop, Marine Corps Installations East - Marine Corps Base Camp Lejeune (MCIEAST-MCB CAMLEJ), Jacksonville,
North Carolina. Investigation activities were conducted under the Naval Facilities Engineering Command (NAVFAC)
Mid-Atlantic, Comprehensive Long-term Environmental Action—Navy (CLEAN) Contract N62470-11-D-8012,
Contract Task Order (CTO) WE18. The purpose of the PA/SI was to evaluate the potential presence and nature of
environmental contamination, including munitions and explosives of concern (MEC), that may have resulted from
historical site activities and to evaluate the risk to potential receptors.

Site UX0-25 is located on the western side of MCIEAST-MCB CAMLEJ, south of the Marine Corps Air Station
(MCAS) New River, along U.S. Route 17 near the township of Verona, North Carolina. The site encompasses
approximately 25 acres of land located on the west side of U.S. Route 17 and bounded by Old U.S. Route 17. This
portion of land was historically a contiguous portion of MCIEAST-MCB CAMLEJ, prior to the relocation of U.S.
Route 17 in 1999.

Site UXO-25 lies within portions of two former ranges, Impact Area “M” range and the M-16, Outdoor Classroom
range. The topography of UXO-25 is relatively flat and heavily vegetated with trees and dense undergrowth. The
topography is characterized by low elevations and relatively low relief. Surface elevations range from
approximately 50 to 60 feet above mean sea level. The area within UXO-25 is undeveloped, with a small
residential area and church located adjacent to the central portion of the munitions response site (MRS) where it
is bisected by Verona Loop Road.

During the PA, readily available information about the site and its surrounding area was collected to identify
historical activities that may have resulted in the presence of MEC at the site or a release of munitions
constituents (MC) to the environment. The Sl field activities involved the collection of environmental samples to
determine whether hazardous substances are present; to determine if these substances are being released to the
environment; and to assess if the substances have reached nearby receptors. Surface soil, subsurface soil, and
groundwater samples were collected across the site. Analytical results were screened against applicable
regulatory criteria and MCIEAST-MCB CAMLEJ background threshold value (BTV) concentrations and were
compared to human health and ecological screening values to evaluate impacts to human health and ecological
receptors. Only metals were detected above screening criteria. No unacceptable risks were identified for human
or ecological receptors at Site UXO-25.

Digital geophysical mapping (DGM) was conducted over roughly 2.5 acres (10 percent) of UXO-25 along
approximately 34,074 linear feet of transects to identify geophysical anomalies representing potential subsurface
MEC. A MEC intrusive investigation was conducted by reacquiring all geophysical anomalies that were identified
as representing potential subsurface MEC and excavating to determine the source of the anomalies. The DGM
investigation identified 361 targets with the characteristics of potential MEC along the transects. The intrusive
investigation of these 361 targets did not result in the discovery of any MEC or material potentially presenting an
explosive hazard (MPPEH) items.

Based on the results of the environmental and MEC investigations, no further action is recommended for
Site UXO-25.
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SECTION 1

Introduction

Marine Corps Installations East - Marine Corps Base Camp Lejeune (MCIEAST-MCB CAMLEJ) has completed a
Preliminary Assessment/Site Inspection (PA/SI) at Military Munitions Response Program (MMRP) Site Unexploded
Ordnance (UXO) 25 — Verona Loop (Figures 1-1 and 1-2). This PA/SI was conducted after a review of records found
that the site was included in a portion of two former operational range areas (Figure 1-3). The purpose of the
PA/SI was to evaluate the potential presence and nature of environmental contamination, including munitions
and explosives of concern (MEC), that may have resulted from historical site activities and to evaluate the risk to
potential receptors. This report documents the findings of the PA/SI conducted at Site UXO-25.

This PA/SI was conducted by CH2M HILL under the Naval Facilities Engineering Command (NAVFAC) Mid-Atlantic,
Comprehensive Long-term Environmental Action—Navy (CLEAN) Contract N62470-11-D-8012, Contract Task
Order (CTO) WE18. Site investigation activities were conducted in accordance with the following documents:

e Preliminary Assessment/Site Inspection Work Plan Addendum, Military Munitions Response Program
Site UXO-25 — Verona Loop, Marine Corps Base Camp Lejeune, Jacksonville, North Carolina (PA/SI Work Plan)
(CH2M HILL, 2012).

e Explosives Safety Submission, Munitions Response Activities, Verona Loop Munitions Response Site (ESS-125),
Marine Corps Base Camp Lejeune, North Carolina (ESS) (CH2M HILL, 2011a).

e Munitions Response Program (MRP) Master Project Plans (Munitions Response Program [MRP] Master Project
Plans [MPP]) (CH2M HILL, 2008a).

e Master Project Plans, Marine Corps Base Camp Lejeune (MPP) (CH2M HILL, 2008b).

e Investigation and Remediation Waste Management Plan, Marine Corps Base Camp Lejeune, North Carolina
(CH2M HILL, 2011b).

1.1 Objectives and Approach

The purpose of this PA/SI was to evaluate whether Site UXO-25 poses a potential risk to human health and the
environment, and whether further investigation is warranted. During the PA, readily available information about
the site and its surrounding area was collected to identify historical activities that may have resulted in the
presence of MEC or in a release of munitions constituents (MC) to the environment. The Sl field activities involved
the collection of environmental samples to determine whether hazardous substances are present and are being
released to the environment.

In addition to the evaluation of environmental media, the PA/SI also included a geophysical investigation and
intrusive investigation to assess the potential presence of MEC.

The objectives of this PA/SI were to:

e Evaluate the presence of potential subsurface MEC

e Evaluate the potential presence of soil and groundwater MC contamination
The activities conducted in support of this PA/SI include the following:

e Conduct an archive search for documents pertaining to the historical uses of UXO-25 that may have resulted
in environmental contamination with MEC and/or MC.

e Conduct community outreach to communicate investigation activities to potentially interested parties.

e Sijte preparation, including vegetation clearance to facilitate digital geophysical mapping (DGM) and
environmental sampling activities.

ES100411202748VBO 1-1
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Evaluate potential impacts from MC to environmental media, including groundwater, surface soil, and

subsurface soil, and manage investigation-derived waste (IDW).

Survey groundwater monitoring well locations.

Perform DGM over 10 percent of the 25-acre site to identify geophysical anomalies representing potential

subsurface MEC.

Conduct a MEC intrusive investigation by reacquiring all geophysical anomalies that are identified as
representing potential subsurface MEC, and excavating to determine the source of the anomalies.

1.2 Report Organization

This PA/SI is divided into sections providing information on the detailed approach, including procedures employed

during the execution of the project. This PA/SI is organized as follows:

Section 1, Introduction

Section 2, Site Background

Section 3, Field Investigation Activities
Section 4, Investigation Results

Section 5, Human Health Risk Screening
Section 6, Ecological Risk Screening

Section 7, Conclusions and Recommendations
Section 8, References

Figures and tables are provided at the end of each respective section, and appendixes are provided at the end of
this report.

1-2
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SECTION 2

Site Background

2.1 MCIEAST-MCB CAMLEJ Description

MCIEAST-MCB CAMLEIJ is located in Onslow County, North Carolina, covers approximately 236 square miles, and is
bisected by the New River, which flows in a southeasterly direction and forms a large estuary before entering the
Atlantic Ocean (Figure 1-1). The southeastern border of MCIEAST-MCB CAMLE] is the Atlantic Ocean shoreline.
The western and northeastern boundaries are United States (U.S.) Route 17 and State Route 24, respectively.
State Highway 50, Haws Run Road, and an unnamed perimeter road border the base to the north and west of the
Greater Sandy Run Training Area, which is located west of U.S. Route 17 in the southwestern portion of MCIEAST-
MCB CAMLEJ. The City of Jacksonville, North Carolina borders MCIEAST-MCB CAMLEJ to the north (Figure 1-1).
MCIEAST-MCB CAMLEJ is home to Marine Expeditionary Force units and the base and surrounding community is
home to an active duty, dependent, retiree and civilian employee population of approximately 180,000 people.

The generally flat topography of MCIEAST-MCB CAMLE] is typical of the seaward portions of the North Carolina
coastal plain. Elevations vary from sea level to 72 feet above mean sea level (msl), although the elevation of the
majority of MCIEAST-MCB CAMLEJ lies between 20 and 40 feet above msl.

2.2 Site UXO-25 Description and History

Site UXO-25 is located on the western side of MCIEAST-MCB CAMLEJ, south of the Marine Corps Air Station
(MCAS) New River, along U.S. Route 17 near the township of Verona, North Carolina. The site encompasses
approximately 25 acres of land located on the west side of U.S. Route 17 and bounded by Old U.S. Route 17. This
portion of land was historically a contiguous portion of MCIEAST-MCB CAMLEJ, prior to the relocation of U.S.
Route 17 in 1999. Site UXO-25 lies within portions of two former ranges, Impact Area “M” range and the M-16,
Outdoor Classroom range, as shown on Figure 1-3.

The topography of UXO-25 is relatively flat and heavily vegetated with trees and dense undergrowth. The
topography is characterized by low elevations and relatively low relief. Surface elevations range between
approximately 50 and 60 feet above mean sea level. The area within UXO-25 is undeveloped, with a small
residential area and church located adjacent to the central portion of the munitions response site (MRS) where it
is bisected by Verona Loop Road.

2.3 Site History

A detailed historical review of information related to past uses of UXO-25 was completed in September 2011.
Additional information obtained from this review is presented in the Archival Records Search Report

(Appendix A). The Final Range Identification and Preliminary Range Assessment (PRA) (United States Army Corps
of Engineers [USACE], 2001a) and the Archives Search Report (ASR) (USACE, 2001b), as well as MCIEAST-MCB
CAMLEJ aerial photographs and existing conditions maps, were the primary sources for this historical information.
According to the PRA and the ASR, Site UXO-25 consists of those portions of two former ranges, the Impact

Area “M” range (ASR #2.211) and the M-16, Outdoor Classroom range (ASR #2.120), that are located west of U.S.
Route 17 (Figure 1-3). During the timeframe the ranges were in use, U.S. Route 17 was located west of the range
areas. Relocation of U.S. Route 17 in 1999 left approximately 25 acres of the former ranges to the west of U.S.
Route 17. This 25-acre area west of U.S. Route 17 is bounded by the Old U.S. Route 17, which borders residential
areas of the Verona Township.

Impact Area “M” Range

The former Impact Area “M” range is described as being bounded by U.S. Route 17, Stone Creek, New River, Mill
Creek, Verona Loop Road, Lewis Creek, New River, and Southwest Creek (USACE, 2001a). Historical information

ES100411202748VBO 2-1
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indicates that from 1941 to approximately 1945 the area was possibly used for live fire and maneuver exercises
with the use of mortars, recoilless rifles, 2.36-inch rockets, and hand and rifle grenades (USACE, 2001b). Camp
Training Order 5-1946, dated March 19, 1946, states that the former Impact Area “M” range has been
disestablished and is no longer used for the firing of live ammunition (USACE, 2001a).

M-16, Outdoor Classroom

The only reference to the M-16, Outdoor Classroom is a range map dated 1958. Historical range information
indicates that 0.30-caliber blanks may have been used, along with pyrotechnics. This area is no longer used for the
firing of live ammunition.

Personal communication with Mr. Ben Redmond, a former range control officer at MCIEAST-MCB CAMLEJ,
indicated that M-16, Outdoor Classroom was an assembly area consisting of a set of bleachers used for teaching
purposes. Mr. Redmond also indicated that “the impact area for mortars and artillery was well to the east (of the
subject site), and a lot of the munitions listed (on the PRA) were not used” (Redmond, 2011).

2.4 Regional Geology, Hydrogeology, and Climate

MCIEAST-MCB CAMLEIJ is located within the Tidewater region of the Atlantic Coastal Plain Physiographic Province.
The area is underlain by an eastward thickening wedge of marine and non-marine sediments ranging in age from
early Cretaceous to Holocene. This wedge of sediments begins at the western boundary of the Atlantic Coastal
Plain Physiographic Province, known as the Fall Line, and dips and thickens southeastward towards the coast. The
sediments occur as layered interfingered beds and lenses of sands, silts, clays, calcareous clays, shell beds,
sandstone, and limestone that were deposited over pre-Cretaceous crystalline basement rock. Sedimentary units
are often distinguished by minor amounts of detrital carbonate shells, and secondary minerals (Cardinell, Berg,
and Lloyd, 1993).

Within the MCIEAST-MCB CAMLEJ area, approximately 1,500 feet of a sedimentary sequence overlies the
basement rock and is composed of seven aquifers and their associated confining units. These aquifers include the
Surficial, Castle Hayne, Beaufort, Peedee, Black Creek, and Upper and Lower Cape Fear aquifers (Cardinell, Berg,
and Lloyd, 1993). Confining units associated with specific aquifers are composed of less permeable beds of clay
and silt.

The Surficial aquifer, Upper Castle Hayne Confining Unit, and Castle Hayne Aquifer at MCIEAST-MCB CAMLEJ have
all been described (Cardinell, Berg, and Lloyd, 1993). The Surficial aquifer resides within the Undifferentiated
Formation of Holocene and Pleistocene age sediments, and the Castle Hayne aquifer resides locally within the
River Bend Formation. The upper portion of the River Bend Formation is composed of sands, silts, shell and fossil
fragments, and trace amounts of clay. The Belgrade Formation, where present, typically acts as a confining unit
between the Surficial and the Castle Hayne aquifers.

In general, natural discharge of groundwater from the Coastal Plain aquifer system is into streams, swamps, and
lakes. Evapotranspiration from the vadose zone and upward leakage through confining units into streams,
estuaries, swamps, and even the ocean also contribute to groundwater discharge. Within the vicinity of MCIEAST-
MCB CAMLEJ, the New River estuary serves as the principal discharge area for groundwater from the Castle Hayne
aquifer (Harned et al., 1989).

Mild winters and hot, humid summers generally characterize climatic conditions within southeastern North
Carolina (NC) and at MCIEAST-MCB CAMLEJ. Winters are usually short and mild, with occasional brief cold periods.
Average annual net precipitation is approximately 54 inches. Ambient air temperatures generally range from 37 to
60 degrees Fahrenheit (°F) in the winter months and 71°F to 88°F during the summer months; summertime
humidity averages 75 percent. Winds are generally south-southwesterly in the summer and north-northwesterly
in the winter (National Oceanic and Atmospheric Administration [NOAA], 2002).

22 ES100411202748VBO



SECTION 2—SITE BACKGROUND

2.5 Site Geology and Hydrogeology

This section presents the geological and hydrogeological characteristics of Site UXO-25 as indicated by the
environmental sampling activities conducted in April 2012. These activities were limited to a depth of
approximately 18 feet below ground surface (bgs). Soil boring logs are presented in Appendix B.

Given the relatively shallow depths of intrusive investigation activities, this discussion of site-specific geology is
limited to the undifferentiated formation that overlies the Belgrade and River Bend Formations. Soil cores
recovered from Site UXO-25 consisted of fine to medium-grained sands with varying amounts of silt and clay and
deeper layers of sandy clay.

Water level measurements were recorded from monitoring wells VL-MWO01 and VL-MWO02, which were screened
in the surficial aquifer. Depths to groundwater ranged from 5.17 to 6.02 ft bgs (55 and 45.75 feet above mean sea
level feet, respectively).
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SECTION 3

Field Investigation Activities

The PA/SI field activities were completed at Site UXO-25 between April 2012 and August 2012. Field activities
were conducted in accordance with the PA/SI Work Plan and are described below. Throughout the investigation
(except during the intrusive investigation of DGM anomalies), UXO technicians conducted MEC avoidance
activities in accordance with procedures detailed in the approved ESS, the MRP MPPs (CH2M HILL, 2008b) and in
the site-specific health and safety plan (CH2M HILL, 2012).The technical approach included in the PA/SI Work Plan
was developed by the MCIEAST-MCB CAMLEJ Tier | Partnering Team, which includes representatives from the
Navy, MCIEAST-MCB CAMLEJ, United States Environmental Protection Agency (USEPA) Region 4, and North
Carolina Department of Environment and Natural Resources (NCDENR).

3.1 Site Preparation

The following subsections describe the activities associated with site preparation, including preparation for DGM
and the environmental investigation.

3.1.1 Vegetation Clearance

In order to allow access to the DGM survey transects and sampling locations, vegetation less than 6 inches in
diameter was removed using a track-mounted cutting-mulching machine that cleared a path six feet wide. The
area cleared of vegetation was approximately 2.5 acres, as shown on Figures 3-1 and 3-2. Overhanging vines and
protruding branches that could interfere with the safe and effective use of DGM equipment were also removed.

Prior to mobilization, research was conducted to verify that no federally protected species or archeological sites
might be encountered during vegetation clearing activities. No federally listed plant species or potential
archeological sites were identified during field activities.

3.1.2 Land Surveying

Land surveying was conducted by ECLS, a professional land surveyor registered in the State of North Carolina, in
accordance with Section 7.4 of the MRP MPPs (CH2M HILL, 2008b). Land surveying activities included
identification and marking of the Site UXO-25 boundary, layout of DGM transects, determination of coordinates of
monitoring wells and environmental sampling locations, and re-acquisition of subsurface geophysical anomalies
identified during DGM activities for the intrusive portion of the investigation.

3.1.3 Utility Locating

Prior to initiating drilling and subsurface soil sampling activities, the NC One Call Center was called to identify and
mark underground utilities. A third-party professional utilities locator was also subcontracted to identify
subsurface structures within 20 feet of proposed drilling or subsurface soil sampling locations. As an additional
precaution, a hand auger or post-hole digger was used to clear the first 5 feet of each drilling location.

3.2 Environmental Sampling Activities

In order to assess the potential presence and nature of MC contamination, groundwater, surface soil, and
subsurface soil samples were collected from the locations shown on Figures 3-3 and 3-4.

3.2.1 Surface Soil Sampling

Sixteen composite surface soil samples (VL-SS01 through VL-S516) were collected from 0 to 1 feet bgs at the
locations identified on Figures 3-3 and 3-4. Surface soil samples were collected using the TR-02-1 sampling
method, which is described in the United States Army Corps of Engineers Technical Report ERDC/CRREL TR-02-1,
Guide for Characterization of Sites Contaminated with Energetic Materials (Thiboutot, Ampleman, Hewitt, 2002)
and summarized below.
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PRELIMINARY ASSESSMENT/SITE INSPECTION REPORT - SITE UXO-25 - VERONA LOOP

Each sampling location consisted of a square area, 1 meter by 1 meter (1 square meter [m?*]). Coordinates of the
sampling locations were based on the center of the sampling area. Soil samples were collected from each sample
area by thoroughly mixing a minimum of 30 sample aliquots collected from random locations within the 1-m?
sampling area, in accordance with the MPPs. Samples were placed in laboratory provided bottleware, preserved
according to method requirements, sent to fixed based laboratories TriMatrix Laboratories, Inc. and Columbia
Analytical Services, Inc. under chain of custody, and analyzed for the following parameters:

e Explosives residues (nitroaromatics and nitramines), including pentaerythritol tetranitrate (PETN) and
nitroglycerin (USEPA SW-846 Methods 8330A and SW-846 8332)

e Perchlorate (USEPA SW-846 Method 6850)
e Total metals (USEPA SW-846 Method 6010C/6020A/7471A)
e Hexavalent chromium (USEPA SW-846 Method 7199)

3.2.2 Subsurface Soil Sampling

A total of 16 subsurface soil samples (designated VL-ISO1 through VL-IS16 [co-located with surface soil samples])
were collected at the locations shown on Figures 3-3 and 3-4. A track-mounted direct-push technology (DPT) rig
was used to collect subsurface soil samples at locations VL-ISO1 and VL-IS15, which were co-located with the
monitoring well locations, and the remaining samples were collected with a hand auger. Subsurface soil samples
were composited from 1 foot bgs to approximately 2 feet above the water table which ranged from 4 to 6.5 feet
bgs.

Continuous soil cores were collected for subsurface soil samples at locations VL-ISO1 and VL-IS15 in disposable
acetate sleeves using a DPT macro-core soil sampler, and screened for the presence of volatile organic
compounds (VOCs) using a photoionization detector (PID). The soil cores were inspected by CH2M HILL technical
staff and described using the Unified Soil Classification System. No staining or odors were observed during
sampling activities. Boring logs for these locations are included in Appendix B.

Samples were placed in laboratory provided bottleware, preserved according to method requirements, sent to
fixed based laboratories TriMatrix Laboratories, Inc. and Columbia Analytical Services, Inc. under chain of custody,
and analyzed for the following parameters:

e Explosives residues (nitroaromatics and nitramines), including PETN and nitroglycerin (USEPA SW-846
Methods 8330A and SW-846 8332)

e Perchlorate (USEPA SW-846 Method 6850)
e Total metals (USEPA SW-846 Method 6010C/6020A/7471A)
e Hexavalent chromium (USEPA SW-846 Method 7199)

3.2.3 Monitoring Well Installation and Groundwater Sampling

Two permanent surficial aquifer monitoring wells (VL-MWO01 and VL-MWO02) were installed using hollow stem
auger drilling methods at the locations shown on Figures 3-3 and 3-4. Well construction details, groundwater
levels, and water quality parameters for the monitoring wells are included in Tables 3-1 and 3-2. Boring logs and
well construction diagrams are included in Appendix B. These permanent monitoring wells were installed in
accordance with the MPPs (CH2M HILL, 2008a).

The monitoring wells were constructed using 2-inch diameter Schedule 40 polyvinyl chloride (PVC) riser with
10-feet of 0.010-inch slotted PVC screens. Monitoring well VL-MWO01 was installed to a total depth of 15.5 ft bgs
and the well screen bracketed the water table which was present at 5.17 ft bgs at this location. Monitoring well
VL-MWO02 was installed to a total depth of 18 ft bgs with a screened interval of 8 to 18 ft bgs. The water table at
monitoring well VL-MWO02 was present at 6.02 ft bgs.
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A 30/40 silica sand filter pack was placed in the annular space between each well screen and borehole wall, from
the bottom of the borehole to approximately 2 feet above the top of the well screen. Bentonite pellets were
placed on top of each filter pack and hydrated (for at least 1 hour) to form a seal approximately 2 feet thick. After
hydration of the bentonite pellets, the remaining annular space of the boreholes was grouted to within 1 foot of
the ground surface. The grout was then allowed to cure a minimum of 24 hours prior to well completion. Each
monitoring well was completed approximately 3 feet above ground surface with a lockable, steel protective
stickup cover and 2-feet x 2-feet x 4-inch concrete pad. Concrete bollards (3.5-feet tall and 4-inch diameter) were
placed around the concrete pad, and each was painted bright yellow. Sand was placed in the annular space
between the riser and protective cover. A watertight expansion plug was installed on top of the 2-inch diameter
casing, well identification tags were attached to the outside of the steel protective cover, and the steel protective
casing was locked.

All drilling and well installation activities were conducted by Mid-Atlantic Drilling, a North Carolina-certified well
contractor, in accordance with the NC Well Construction Standards.

Well Development

Each new monitoring well was developed at least 24 hours after installation. Wells were developed in accordance
with CH2M HILL Standard Operating Procedures (SOPs) and the MPPs (CH2M HILL, 2008a). Well development
included surging and over-pumping with a submersible pump across the length of the well screen. Well
development was considered complete when the development water was clear of visible sediment and the
groundwater geochemical parameters (pH, specific conductance, turbidity, and temperature).

Purging and Sampling

Groundwater samples were collected from the monitoring wells as shown on Figures 3-3 and 3-4. Groundwater
samples were placed in laboratory provided bottleware, preserved according to method requirements, sent to
fixed based laboratories TriMatrix Laboratories, Inc. and Columbia Analytical Services, Inc. under chain of custody,
and analyzed for the following parameters:

e Explosives residues (nitroaromatics and nitramines), including PETN and nitroglycerin (USEPA SW-846 8330A
and SW-846 8332)

e Perchlorate (SW-846 USEPA Method 6850)

e Total metals (USEPA SW-846 Methods 6010C/6020A/7470A)
e Hexavalent chromium (USEPA SW-846 Method 7199)

e Dissolved metals (USEPA SW-846 6010C/6020A/7470A )

The wells were purged using low-flow methods in accordance with CH2M HILL SOPs, and the MPPs (CH2M HILL,
2008a). Groundwater quality parameters recorded at the time of sampling are included in Table 3-2.

3.2.4 Quality Assurance/Quality Control

Quiality assurance/quality control (QA/QC) sampling was performed in accordance with CH2M HILL protocols
(MPPs) as outlined in the Quality Assurance Project Plan (QAPP) in the PA/SI Work Plan (CH2M HILL, 2012), and
included the collection of equipment blanks, duplicates, and matrix spike/matrix spike duplicates. Analytical data
was validated by a third-party data validation subcontractor (DataQual Environmental Services, LLC) as explained
in the Quality Assurance Project Plan (CH2M HILL, 2012).

3.2.5 Investigative-derived Waste Management

IDW was disposed in accordance with the MCIEAST-MCB CAMLEJ Investigation and Remediation Waste
Management Plan (CH2M HILL, 2011b). IDW generated during the field event consisted of soil cuttings from the
installation of monitoring wells, well development and purge water, decontamination fluids, disposable
equipment, and personal protective equipment (PPE). Soil from the subsurface soil sampling locations that were
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collected with a hand auger was spread around the borehole. Soil from the monitoring well installation and
development fluids, purge water, and decontamination fluids were containerized in 55-gallon drums and disposed
of as non-hazardous waste at the off-site Clearfield MMG, Inc. Chesapeake, Virginia disposal facility. The non-
hazardous shipping manifest is included in Appendix C. Disposable equipment, including PPE, poly sheeting, paper
towels, and aluminum foil, was disposed of in a MCIEAST-MCB CAMLEJ trash receptacle.

3.3 Geophysical Investigation

DGM was conducted over approximately 2.5 acres (10 percent) of UXO-25, as shown on Figures 3-1 and 3-2, to
identify anomalies that represent potential subsurface MEC. The DGM survey was performed along regularly
spaced transects across the site, with a narrow buffered area between transects and the property boundary to
maintain the safety exclusion zones in the approved ESS during the intrusive investigation. A summary of the work
performed is provided as follows; the complete Geophysical Investigation Report is provided in Appendix D.

3.3.1 Digital Geophysical Mapping Survey

Prior to conducting the DGM survey at Site UXO-25, survey stakes were installed along the DGM transects
approximately every 20 meters; the survey information for these stakes were incorporated into the DGM data
collected during the DGM survey. The locations and actual spacing of the DGM transects were based on specific
site conditions (e.g., accessibility). Approximately 34,074 linear feet of transect data was collected covering
approximately 10 percent of Site UXO-25, approximately 2.5 acres.

The DGM data was collected using a Geonics Two Coil EM61-MK2 Electromagnetic System (EM61-MK2). The
EM61-MK2 is a high-resolution time-domain electromagnetic instrument designed to detect, with high spatial
resolution, ferrous and non-ferrous metallic objects.

3.3.2 Geophysical Systems Verification

Prior to the commencement of DGM, a Geophysical Systems Verification (GSV) was completed for the testing,
evaluation, and determination that the selected geophysical equipment met existing project data quality
objectives (DQOs). The GSV is a physics-based, presumptively selected technology process in which signal strength
and sensor performance are compared to known response curves of industry standard objects (ISOs) to verify
DGM systems before and during site surveys. The GSV process is designed to perform initial verification of the
DGM system using an instrument verification strip (1VS), followed by a blind seeding program for continued
verification throughout the field operations. A copy of the GSV Report is included as an attachment to the
Geophysical Report in Appendix D.

3.3.3 Data Quality Objectives
All DQOs outlined in the PA/SI Work Plan (CH2M HILL, 2012) were met during the DGM survey.

3.3.4 Quality Control

An extensive QC program was applied to the DGM operations at the site. Figure 3-5 shows an overall chart of the
QC steps. The geophysical system was field tested as specified in the PA/SI Work Plan (CH2M HILL, 2012).
CH2M HILL performed QC geophysical data and data deliverables at each step of the processing path.

All tests outlined in the PA/SI Work Plan were performed on the DGM instruments at the appropriate intervals
(e.g., daily, weekly, at start of project). Results were checked by CH2M HILL’s QC geophysicist to ensure that all
instruments functioned as required.
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FIGURE 3-5
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3.4 Intrusive Investigation

Based on the results of the DGM survey, intrusive investigation of 361 subsurface geophysical anomalies was
conducted to evaluate the nature and density of MEC that may be present at the site.

Intrusive investigation operations were performed using hand excavation procedures to identify the source of
individual anomalies following reacquisition of each anomaly. One hundred percent of the selected anomalies
identified during the DGM investigation were intrusively investigated. Included in the anomalies for excavation
were the QC seeds placed in the investigation areas prior to the DGM investigation.
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TABLE 3-1

Monitoring Well Construction Information and Groundwater Elevation Data

Site UXO-25 - Verona Loop PAS/

MCIEAST-MCB CAMLEJ

North Carolina

Total Well | Screen | Screen | Measured | Top of |Ground Surface| Depth to Water | Depth to Water | Depth to Water
Well ID Aquifer Depth Length | Interval | Well Depth | Casing Elevation April 2012 April 2012 April 2012
(ft bgs) (ft) | (ftbgs) | (ftbtoc) [ Elevation (feet msl) (ft btoc) (ft bgs) (ft msl)
VL-MWO01 Surficial 15.5 10 5-15 18.80 63.25 60.17 8.25 5.17 55.00
VL-MW02 Surficial 18.0 10 8-18 21.14 55.35 51.77 9.60 6.02 4575
Notes:

Groundwater gauging completed on April 26, 2012
2-inch diameter 0.010-inch machine slot Sch. 40 PVC screen used

bgs - below ground surface

ft - feet

ft bgs - feet below ground surface

msl - mean sea level
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TABLE 3-2

Summary of Groundwater Quality Parameters
Site UXO-25 - Verona Loop PAS/
MCIEAST-MCB CAMLEJ

North Carolina

DO EH/ORP PH SC TEMP TURB
Well ID Date (MG/L) (MV) (SU) (MS/CM) (DEG C) (NTU)
Surficial Aquifer
VL-MWO01 4/26/2012 4.82 4.6 5.17 0.072 20.77 1.7
VL-MWO02 4/26/2012 6.95 174.2 4.79 0.068 19.63 9.1
Notes:

NA - Not available

DO - Dissolved Oxygen

EH/ORP - Oxidation Potential

FE2+ - Ferrous Iron

NO3 - Nitrate

SU - Scientific Units

PNO2 - Nitrite

SC - Specific Conductivity

TEMP - Temperature

TURB - Turbidity

MG/L - milligram per liter

MV - millivolts

PH - standard units

MS/CM - milli-Siemens per centimeter
DEG C - degree Celsius

NTU - Nephelometric Turbidity Units
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SECTION 4

Investigation Results

This section presents the findings of the field investigation activities conducted at Site UXO-25 between April and
August 2012.

4.1 Environmental Investigation Results

The following subsections present and summarize the laboratory data from analysis of soil and groundwater

samples collected. The exceedances of screening criteria and regulatory standards are included in Tables 4-1
through 4-3 and shown on Figures 4-1 through 4-6. Summaries of the exceedances are included in Tables 4-4
through 4-5 below. All validated analytical data can be found in Appendix E.

4.1.1 Surface Soil

The analytical data for the 16 surface soil samples were compared to the North Carolina Soil Screening Levels
(NC SSLs) (NCDENR, 2010a), the USEPA Adjusted Residential Soil Regional Screening Levels (RSLs) (USEPA, 2012),
USEPA Adjusted Industrial Soil RSLs (USEPA, 2012), and MCIEAST-MCB CAMLEJ background threshold values
(BTVs) for combined soil type for Undeveloped Areas (CH2M HILL, 2011c) (Table 4-1).

There were no detections for explosives residues above method detection limits in surface soil samples.
Perchlorate was detected in only one surface soil sample (VL-SS05-12B), but no regulatory standards were
exceeded. Six metals (aluminum, arsenic, cobalt, iron, manganese, and vanadium) were detected in at least 1 of
the 16 surface soil samples in exceedance of both the BTV and at least one of the regulatory criteria (Table 4-4).
These results are also presented on Figures 4-1 and 4-2.

TABLE 4-4
Surface Soil Exceedance Summary
Criteria Exceedance Summary
BTV Adjusted Adjusted
Undeveloped NC SSLs Industrial Residential Maximum
Combined SS (Feb Soil RSLs Soil RSLs Frequency of Maximum Concentration
Analyte (Aug 2011) 2012) (May 2012) (May 2012) Exceedances Concentration Location

Aluminum 12,800 - 99,000 7,700 3/16 18,000 VL-SS14-12B
Arsenic 1.17 5.8 1.6 0.39 5/16 6.9 VL-SS08-12B
Cobalt 0.414 0.9 30 2.3 1/16 1.6 VL-SS08-12B
Iron 7,210 150 72,000 5,500 1/16 9,000 VL-SS08-12B
Manganese 37 65 2,300 180 1/16 79 VL-SS08-12B
Vanadium 17.6 6 520 39 2/16 29 VL-SS08-12B

Notes:
Values in milligrams per kilogram (mg/kg)
SS — surface soil

4.1.2 Subsurface Soil

The analytical data for the 14 subsurface soil samples were compared to the NC SSLs (NCDENR, 2010a), the USEPA
Adjusted Residential Soil RSLs (USEPA, 2012), the USEPA Adjusted Industrial Soil RSLs (USEPA, 2012), and the
MCIEAST-MCB CAMLEJ BTVs for Undeveloped Areas (Combined Soil Types) (CH2M HILL, 2011c) (Table 4-2).

There were no detections for explosives residues or perchlorate above method detection limits in the subsurface
soil samples. Hexavalent chromium was the only metal detected in exceedance of both the BTV and at least one
of the regulatory criteria, in 10 of 16 samples collected (Table 4-5 and Figures 4-3 and 4-4).
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TABLE 4-5
Subsurface Soil Exceedance Summary
Criteria Exceedance Summary
BTV Adjusted Adjusted
Undeveloped NC SSLs Industrial Residential Maximum
Combined SB (Feb Soil RSLs Soil RSLs Frequency of Maximum Concentration
Analyte (Aug 2011) 2012) (May 2012) (May 2012) Exceedances  Concentration Location

Chromium 3.74 3.8 5.6 0.29 10/16 6.59 J- VL-SB11-1-4-12B

(hexavalent)

Notes:

Values in milligrams per kilogram (mg/kg)
J- — Analyte present, value may be biased low, actual value may be higher
SB — subsurface soil

4.1.3 Groundwater

Groundwater analytical results from the two monitoring wells were compared to the North Carolina Groundwater
Quality Standards (NCGWQS) (NCDENR, 2010), the USEPA Adjusted Tap Water RSLs, and the MCIEAST-MCB
CAMLEJ surficial aquifer groundwater BTVs (CH2M HILL, 2011d) (Table 4-3).

There were no detections of explosives residues or perchlorate above method detection limits in the groundwater
samples. Additionally, there were no metals detected in exceedance of the BTVs and regulatory standards.

4.2 Geophysical and Intrusive Investigation Results

4.2.1 Digital Geophysical Mapping Results

The results of the DGM are presented as Figures 4-7 and 4-8. These figures depict the UXO-25 northern and
southern area results, respectively. DGM data was collected over approximately 10 percent of Site UXO-25. A
total of 904 targets were selected from the DGM data, but of these, 361 were identified as targets with the
characteristics of potential MEC based on an electromagnetic response greater than 3 millivolts. The remainder of
the targets appeared to be associated with electromagnetic noise from the power lines along Old U.S. Route 17.
Four of the targets identified represent the QC seed locations that were successfully detected as part of the GSV
process. The Geophysical Investigation Report is provided in Appendix D.

4.2.2 Intrusive Investigation Results

The intrusive investigation of 361 anomalies identified during the DGM survey (Figures 4-7 and 4-8) did not
recover any MEC, material potentially presenting an explosive hazard (MPPEH), or munitions-related debris. The
cultural debris recovered during the intrusive investigation included steel cable, empty rusted food cans, nails,
automobile body parts, tin roofing, aluminum foil, and wire.
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TABLE 4-1

Surface Soil Analytical Data Exceedances
Site UXO-25 - Vlerona Loop PAS/
MCIEAST-MCB CAMLEJ

North Carolina

Station ID BTV (Undeveloped SS Adjusted Industrial . . . VL-MWO01 VL-1S02 VL-1S03 VL-1S04 VL-I1S05 VL-1S06 VL-I1S07 VL-1S08 VL-1S09
Sample ID Combined Soil) NCSSL Soil RSLs Ad.JUSted Residential VL-SS01-12B | VL-SS02-12B | VL-SS03-12B | VL-SS03D-12B | VL-SS04-12B | VL-SS05-12B | VL-SS06-12B | VL-SS07-12B | VL-SS08-12B | VL-SS09-12B
(Feb 2012) Soil RSLs (May 2012)

Sample Date (Aug 2011) (May 2012) 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/26/12
Chemical Name
Explosives (ug/kg)
Perchlorate - -- 72,000 5,500 11U 1.3 U 15U 14 U 12U 0.84 J 1.3 U 12U 16 U 1.3 U
Total Metals (mg/kg)
Aluminum 12,800 - 99,000 7,700 750 3,300 6,900 7,300 4,900 2,500 6,300 3,600 15,000 7,600
Antimony 1.87 0.9 41 3.1 0.053 J 0.081 J 0.32 0.092 J 0.053 J 0.11 J 0.044 J 0.025 J 0.33 0.059 J
Arsenic 1.17 5.8 1.6 0.39 0.28 J 0.68 1 11 0.63 049 J 0.69 0.57 6.9 1.2
Barium 36.7 580 19,000 1,500 24 7.5 16 15 5.2 5.4 12 7.2 36 15
||Bery||ium 0.195 63 200 16 0.05 U 0.053 J 0.055 J 0.13 0.025 J 0.03 J 0.058 J 0.034 J 0.37 0.13
||Cadmium 0.2 3 80 7 0.016 J 0.01 J 0.03 J 0.058 0.0079 J 0.041 J 0.02 J 0.01 J 0.15 0.033 J
||Ca|cium 8,470 - - -- 97 72 450 430 68 120 220 76 4,200 720
"Chromium (hexavalent) 2.73 3.8 5.6 0.29 0.22 UJ 1.92 J- 0.29 UJ 0.26 UJ 0.31 J- 0.23 UJ 0.27 UJ 0.29 J- 0.3 UJ 0.25 UJ
||Chr0mium 17.4 3.8 5.6 0.29 0.81J 3.8 J S J 6.3J 3.9 J 22J 5.2 J 28 J 16 J 5.6 J
||Cobalt 0.414 0.9 30 2.3 0.032 J 0.21 0.21 J 0.29 J 0.13 0.073 J 0.2 0.13 1.6 0.32
"Copper 171 700 4,100 310 0.38 0.63 1.1 1.4 0.33 2.6 1 0.51 6.7 1.2
||Iron 7,210 150 72,000 5,500 570 1,000 3,600 3,600 3,200 1,500 2,500 2,000 9,000 3,000
||Lead 27.5 270 800 400 4.7 9.8 38 12 6.3 5.8 71 5.6 42 10
||Magnesium 904 -- - -- 32J 60 140 130 110 49 J 130 75 420 180
"Manganese 37 65 2,300 180 3 1.9 5.8J 14 J 3.9 2.3 4 6.2 79 4.3
||Mercury 0.161 1 31 2.3 0.009 J 0.024 J 0.027 J 0.057 0.021 J 0.018 J 0.021 J 0.019 J 0.054 0.032 J
||Nicke| 3.1 130 2,000 150 1.3J 35J 59J 8.3J 3.1J 3.1J 39J 3J 46 J 26J
Potassium 359 - - -- 41 J 91 140 130 88 41 J 130 83 470 210
Selenium 1.59 21 510 39 0.11 J 0.37 J 0.52 0.55 0.21 J 024 J 04J 0.15 J 1.2 0.53
Silver 0.354 3.4 510 39 0.01 U 0.0044 J 0.006 J 0.0078 J 0.01 U 0.01 U 0.007 J 0.01 U 0.021 J 0.0087 J
Sodium 250 -- - -- 25U 23 U 25U 25U 23 U 25U 25U 25U 95 22 J
Thallium - 0.28 1 0.078 0.01 J 0.021 J 0.05 J 0.087 J 0.029 J 0.033 J 0.043 J 0.037 J 0.13 0.053 J
Vanadium 17.6 6 520 39 25J 42 J 74 J 9.1J 73J 3.1J 7J 53J 29 J 9.7 J
Zinc 28.6 1,200 31,000 2,300 2.1 2.4 51J 10 J 2.5 2.6 3.4 2.3 120 7.4
Notes:

Shading indicates exceedance of the base background undeveloped combined concentration for surface soil
I Bold box indicates exceedance of NC SSL I

Bold text indicates exceedance of Adjusted Industrial Soil RSLs

Underline indicates exceedance of Adjusted Residential Soil RSLs

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents
BTV - Background Threshold Values for MCIEAST-MCB CAMLEJ

J - Analyte present, value may or may not be accurate or precise

J- - Analyte present, value may be biased low, actual value may be higher

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

mg/kg - Milligrams per kilogram

ug/kg - Micrograms per kilogram
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TABLE 4-1

Surface Soil Analytical Data Exceedances

Site UXO-25 - Vlerona Loop PAS/
MCIEAST-MCB CAMLEJ

North Carolina

Station ID BTV (Undeveloped SS Adjusted Industrial . . . VL-1S10 VL-1S11 VL-1S12 VL-1S13 VL-I1S14 VL-MWO02 VL-1S16
Sample ID Combined Soil) NCSSL Soil RSLs Ad.JUSted Residential VL-SS10-12B | VL-SS11-12B | VL-SS12-12B | VL-SS13-12B | VL-SS14-12B | VL-SS14D-12B | VL-SS15-12B | VL-SS16-12B
(Feb 2012) Soil RSLs (May 2012)

Sample Date (Aug 2011) (May 2012) 04/25/12 04/26/12 04/26/12 04/26/12 04/26/12 04/26/12 04/25/12 04/26/12
Chemical Name

Explosives (ug/kg)

Perchlorate - -- 72,000 5,500 12U 1.3 U 14 U 12U 15U 15U 12U 15U
Total Metals (mg/kg)

Aluminum 12,800 - 99,000 7,700 1,100 6,400 16,000 7,500 18,000 15,000 1,500 9,700
Antimony 1.87 0.9 41 3.1 0.05 U 0.05 U 0.052 J 0.047 J 0.13 J 0.11 J 0.054 J 0.054 J
Arsenic 1.17 5.8 1.6 0.39 0.34 J 0.75 2.2 1.6 21 1.9 047 J 0.93
Barium 36.7 580 19,000 1,500 4.2 8.8 20 5.6 31 27 6 12
||Bery||ium 0.195 63 200 16 0.046 U 0.11 0.3 0.033 J 0.3 0.32 0.025 J 0.12
||Cadmium 0.2 3 80 7 0.013 J 0.0043 J 0.018 J 0.0059 J 0.058 0.055 0.0097 J 0.016 J
||Ca|cium 8,470 -- - -- 89 50 U 110 50 U 720 570 190 110
||Chromium (hexavalent) 2.73 3.8 5.6 0.29 0.23 UJ 0.5 J- 0.41 J- 0.58 J- 0.26 J- 0.28 J- 0.24 UJ 0.97 J-
||Chromium 17.4 3.8 5.6 0.29 0.96 J 55J 12J 6.5J 1_2 J 12J 19J 64J
||Cobalt 0.414 0.9 30 2.3 0.046 J 0.17 0.56 0.36 0.73 0.62 0.056 J 0.28
||Copper 171 700 4,100 310 0.41 0.31 0.77 1.8 2.4 1.9 0.34 0.46
||Iron 7,210 150 72,000 5,500 880 1,600 4,300 3,600 4,700 3,700 740 2,200
||Lead 27.5 270 800 400 2.8 6.5 12 9 56 46 7 11
[[Magnesium 904 - - - 32 140 370 170 380 310 59 240
||Manganese 37 65 2,300 180 3.3 29 4.7 3.3 4.7 4.3 2.6 3.7
||Mercury 0.161 1 31 2.3 0.014 J 0.017 J 0.055 0.016 J 0.075 0.063 0.014 J 0.031 J
||Nicke| 3.1 130 2,000 150 24 J 0.74 J 28J 19J 3.6J 49 J 0.85 J 4.3 J
Potassium 359 -- - -- 58 180 440 170 420 350 68 310
Selenium 1.59 21 510 39 0.14 J 0.34 J 1.2 0.24 J 0.75 0.74 0.23 J 0.47 J
Silver 0.354 3.4 510 39 0.0093 U 0.01 U 0.0088 J 0.0046 J 0.017 J 0.018 J 0.01 U 0.007 J
Sodium 250 -- - -- 25U 8.3J 22 J 6.7 J 34 J 28 J 25U 21 J
Thallium - 0.28 1 0.078 0.015 J 0.043 J 0.13 0.046 J 0.11 0.1 0.011 J 0.063 J
Vanadium 17.6 6 520 39 28 J 8J 19 J 12 J 16 J 14 J 2.7 J 8.3J
Zinc 28.6 1,200 31,000 2,300 1.6 J 1.3 J 6.3 5.4 11 9.2 14 J 4.5
Notes:

Shading indicates exceedance of the base background undeveloped combined concentration for surface soil
I Bold box indicates exceedance of NC SSL I

Bold text indicates exceedance of Adjusted Industrial Soil RSLs

Underline indicates exceedance of Adjusted Residential Soil RSLs

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents
BTV - Background Threshold Values for MCIEAST-MCB CAMLEJ

J - Analyte present, value may or may not be accurate or precise

J- - Analyte present, value may be biased low, actual value may be higher

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

mg/kg - Milligrams per kilogram

ug/kg - Micrograms per kilogram
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TABLE 4-2

Subsurface Soil Analytical Data Exceedances
Site UXO-25 - Verona Loop PAS/
MCIEAST-MCB CAMLEJ

North Carolina

Station ID BTV (Undeveloped SB NG SSL Adjusted Industrial Adjusted VL-MWO01 VL-I1S02 VL-1S03 VL-1S04 VL-I1S05 VL-IS06 VL-I1S07 VL-I1S08
Sample ID Combined Soil) (Feb 2012) Soil RSLs (May | Residential Soil |[ VL-SB01-1-6-12B | VL-SB02-1-5-12B | VL-SB03-1-5-12B | VL-SB03D-1-5-12B | VL-SB04-1-5-12B | VL-SB05-1-5-12B | VL-SB06-1-5-12B | VL-SB07-1-4-12B | VL-SB08-1-4-12B
Sample Date (Aug 2011) 2012) RSLs (May 2012) 04/24/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12 04/25/12
Chemical Name

Explosives (ug/kg)

No Detections

Total Metals (mg/kg)

Aluminum 19,000 - 99,000 7,700 4,100 10,000 13,000 14,000 7,100 8,000 10,000 11,000 13,000
Antimony 1.1 0.9 41 3.1 0.05 U 0.046 U 0.054 J 0.05 J 0.055 J 0.069 J 0.033 J 0.033 J 0.17 J
Arsenic 5.09 5.8 1.6 0.39 0.57 0.62 1.3 1.4 1.2 1.3 0.72 1.6 3
Barium 28.3 580 19,000 1,500 214 10 J 14 J 15 J 6.1J 48 J 13 J 26 J 23 J
Beryllium 0.332 63 200 16 0.022 J 0.083 J 0.089 J 0.071 J 0.032 J 0.023 J 0.071 J 0.14 0.22
Cadmium 0.208 3 80 7 0.046 U 0.02 J 0.0052 J 0.05 U 0.0041 J 0.0096 J 0.05 U 0.0039 J 0.069
Calcium 1,530 - - - 50 U 50 U 50 U 50 U 50 U 46 U 50 U 64 3,000
Chromium (hexavalent) 3.74 3.8 5.6 0.29 3.71 J- 3.25 J- 4.27 J- 4.45 J- 4.77 J- 5.97 J- 4.28 J- 3.8 J- 0.27 UJ
Chromium 27.6 3.8 56 0.29 4.6 7.5 9.5 10 6.6 8.6 9.4 10 10
Cobalt 1.36 0.9 30 2.3 0.26 0.32 0.5 0.54 0.24 0.25 0.43 0.49 0.73
Copper 6.05 700 4,100 310 0.52 0.16 J 0.48 0.55 0.41 0.57 0.34 13 33
Iron 12,700 150 72,000 5,500 1,700 1,200 4,400 4,100 4,300 4,900 4,100 6,900 7,500
Lead 1.2 270 800 400 2.4 5.2 5.8 6.2 4 3.1 5 5.9 18
IMagnesium 776 - - - 68 240 360 360 170 110 300 340 340
Manganese 18.3 65 2,300 180 1.7 2.9 5 49 3.1 26 5 6.9 31
Mercury 0.0852 1 31 2.3 0.017 U 0.017 J 0.008 J 0.012 J 0.0098 J 0.014 J 0.011 J 0.017 J 0.033 J
[INicket 7.08 130 2,000 150 1.2 1.3 2.1 2.2 1 1.2 1.7 2 2.7
Potassium 620 - - — 79 230 250 260 170 110 220 260 410
Selenium 0.736 2.1 510 39 0.12 J 0.28 J 0.21J 0.31 J 0.31J 0.29 J 0.18 J 0.27 J 0.74
Silver 0.198 3.4 510 39 0.0092 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.0094 U 0.011 J
Sodium — - - — 25 U 25 U 25 U 25 U 25 U 23U 25 U 23U 93
Thallium - 0.28 1 0.078 0.015 J 0.095 J 0.1 0.11 0.045 J 0.045 J 0.091 J 01 0.091 J
Vanadium 35.6 6 520 39 49 7.6 14 15 10 11 11 17 18
Zinc 14.1 1,200 31,000 2,300 16 J 3 47 5.8 2.5 5 3.9 43 44
Notes:

Shading indicates exceedance of the base background undeveloped combined concentration for subsurface soil

| Bold box indicates exceedance of NC SSL

Bold text indicates exceedance of Adjusted Industrial Soil RSLs

Underline indicates exceedance of Adjusted Residential Soil RSLs
BTV - Background Threshold Values for MCIEAST-MCB CAMLEJ

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

J - Analyte present, value may or may not be accurate or precise

J- - Analyte present, value may be biased low, actual value may be higher

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

mg/kg - Milligrams per kilogram
pg/kg - Micrograms per kilogram
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TABLE 4-2

Subsurface Soil Analytical Data Exceedances
Site UXO-25 - Verona Loop PAS/
MCIEAST-MCB CAMLEJ

North Carolina

Station ID BTV (Undeveloped SB NG SSL Adjusted Industrial Adjusted VL-IS09 VL-1S10 VL-IS11 VL-1S12 VL-IS13 VL-IS14 VL-MW02 VL-IS16
Sample ID Combined Soil) (Feb 2012) Soil RSLs (May | Residential Soil | VL-SB09-1-4-12B | VL-SB10-1-4-12B | VL-SB11-1-4-12B | VL-SB12-1-4-12B | VL-SB13-1-4-12B | VL-SB14-1-4-12B | VL-SB14D-1-4-12B | VL-SB15-1-6_5-12B | VL-SB16-1-5-12B
Sample Date (Aug 2011) 2012) RSLs (May 2012) 04/26/12 04/25/12 04/26/12 04/26/12 04/26/12 04/26/12 04/26/12 04/24/12 04/26/12
Chemical Name

Explosives (ug/kg)

No Detections

Total Metals (mg/kg)

Aluminum 19,000 - 99,000 7,700 8,000 13,000 13,000 18,000 8,500 15,000 J 11,000 J 5,200 11,000
Antimony 1.1 0.9 41 3.1 0.05 U 0.068 J 0.054 J 0.032 J 0.033 J 0.05 U 0.05 U 0.047 U 0.029 J
Arsenic 5.09 5.8 1.6 0.39 11 2.3 1.4 2.9 1.5 098 J 14J 045 J 1.2
Barium 28.3 580 19,000 1,500 9.3J 754 12 J 20J 6.8 J 18 J 15 J 95 J 12 J
Beryllium 0.332 63 200 16 0.082 J 0.046 J 0.1 0.22 0.036 J 0.11 0.14 0.13 0.1
Cadmium 0.208 3 80 7 0.0086 J 0.05 U 0.0057 J 0.0074 J 0.05 U 0.0051 J 0.0056 J 0.01J 0.0061 J
Calcium 1,530 - - - 190 50 U 50 U 110 21 140 130 72 314
Chromium (hexavalent) 3.74 3.8 5.6 0.29 1.36 J- 5.05 J- 6.59 J- 2.43 J- 3.78 J- 3.31 J- 3.3 J- 3.9 J- 4.55 J-
Chromium 27.6 3.8 56 0.29 5.9 10 9.5 11 7.7 9.3 93 53 8.6
Cobalt 1.36 0.9 30 2.3 0.25 0.46 0.37 0.53 0.36 0.38 0.31 0.14 0.3
Copper 6.05 700 4,100 310 0.6 1.2 0.26 0.44 1.2 0.27 0.24 0.48 0.22
Iron 12,700 150 72,000 5,500 3,300 9,300 10,000 4,400 2,700 2,400 2,000 1,000 3,600
Lead 11.2 270 800 400 5.9 4.4 4.9 7.9 5.1 6.7 6.8 4.1 5.8
[[(Magnesium 776 - - - 170 270 320 450 200 410 J 270 J 150 280
Manganese 18.3 65 2,300 180 3.2 3.8 3.7 45 3.4 42 3.4 3.8 3.9
Mercury 0.0852 1 31 2.3 0.02 J 0.013 J 0.014 J 0.036 J 0.016 J 0.024 J 0.025 J 0.017 U 0.017 J
[INickel 7.08 130 2,000 150 1.3 2 15 2.9 1.7 1.6 1.3 0.57 1.1
Potassium 620 - - - 200 270 330 540 230 410 320 300 320
Selenium 0.736 2.1 510 39 0.34 J 0.39 J 0.29 J 0.55 02 J 0.34 J 0.51 0.16 J 0.38 J
Silver 0.198 3.4 510 39 0.0047 J 0.01 U 0.0047 J 0.0047 J 0.01 U 0.0083 J 0.0077 J 0.0058 J 0.0053 J
Sodium . - . . 19 J 25 U 17 J 25 J 6.6 J 22 18 J 25 U 18 J
Thallium - 0.28 1 0.078 0.052 J 0.065 J 0.083 J 0.12 0.058 J 0.12 0.11 0.051 J 0.085 J
\Vanadium 35.6 6 520 39 11 19 19 25 15 11 9 7.5 12
Zinc 14.1 1,200 31,000 2,300 4 2.8 2.3 5.4 6.4 49 J 3.3J 2.1 3.2
Notes:

Shading indicates exceedance of the base background undeveloped combined concentration for subsurface soil

| Bold box indicates exceedance of NC SSL

Bold text indicates exceedance of Adjusted Industrial Soil RSLs

Underline indicates exceedance of Adjusted Residential Soil RSLs
BTV - Background Threshold Values for MCIEAST-MCB CAMLEJ

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents

J - Analyte present, value may or may not be accurate or precise

J- - Analyte present, value may be biased low, actual value may be higher

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

mg/kg - Milligrams per kilogram
pg/kg - Micrograms per kilogram
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TABLE 4-3

Groundwater Analytical Data Exceedances

Site UXO-25 - Verona Loop PAAS/
MCIEAST-MCB CAMLEJ

North Carolina

Station ID NCGWQS RSLs Tapwater | MCIEAST-MCB CAMLEJ VL-MWO01 VL-MW02
Sample ID (Feb 2012) Adjusted BTVs for Surficial Aquifer || VL.-GW01-12B | VL-GW02-12B | VL-GW02D-12B
Sample Date (May 2012) (Sept 2011) 04/26/12 04/26/12 04/26/12
Chemical Name

Explosives (ug/l)

No Detections

Total Metals (ug/l)

Aluminum - 1,600 14,000 130 150 89 J
Arsenic 10 0.045 9.79 0.26 J 05U 05U
Barium 700 290 359 19 43 40
Beryllium 4 1.6 0.87 04U 0.12 J 0.4 U
Cadmium 2 0.69 - 0.051J 01U 01U
Calcium - - 179,000 3,400 2,300 2,100
Chromium 10 0.031 16.9 0.22J 0.47 J 0.24 J
Cobalt 1 0.47 3.38 0.56 J 1.3 1.2
[[Copper 1,000 62 6.59 0.25 J 0.38 J 0.25 J
[firon 300 1,100 16,100 680 1,100 980
[lLead 15 15 8.92 0.19 J 0.16 J 0.17 J
[[Magnesium - - 13,500 780 610 570
[[Manganese 50 32 176 18 42 39
[[Mercury 1 0.43 - 01U 0.46 01U
[[Nickel 100 30 11.8 0.99 J 2.6 2.3
Potassium - - 5,590 500 1,300 1,300
Selenium 20 7.8 - 1U 1U 0.63 J
Sodium - - 22,700 5,000 9,300 8,800
Vanadium 0.3 7.8 26.7 0.4 J 0.33 J 0.29 J
Zinc 1,000 470 41.2 10 20 J 35
Dissolved Metals (ug/l)

Aluminum, Dissolved - 1,600 - 31 J 50 U 50 U
Arsenic, Dissolved 10 0.045 - 05U 0.25J 05U
Barium, Dissolved 700 290 - 20 36 32
[[Beryllium, Dissolved 4 1.6 - 0.4 U 0.4 U 0.12J
[[calcium, Dissolved - - - 3,500 2,000 2,000
[[chromium, Dissolved 10 0.031 - 0.21J 0.5U 05U
[[Cobatt, Dissolved 1 0.47 - 0.6 J 0.98 J 1
[[Copper, Dissolved 1,000 62 - 05U 0.34 J 0.79 J
[[iron, Dissolved 300 1,100 - 630 1,100 1,100
[[Magnesium, Dissolved - - - 810 560 590
[[Manganese, Dissolved 50 32 - 20 32 33
[[Mercury, Dissolved 1 0.43 - 01U 0.19 J 01U
[[Nickel, Dissolved 100 30 - 0.96 J 2 2.1
Potassium, Dissolved - - - 530 1,200 1,300
Selenium, Dissolved 20 7.8 -- 1.3J 1U 14J
Sodium, Dissolved - - - 5,100 8,800 9,100
Vanadium, Dissolved 0.3 7.8 -- 0.38 J 0.15 J 0.14 J
Zinc, Dissolved 1,000 470 - 12.J 22 J 14 J

Notes:

I Bold box indicates exceedance of NCGWQS or the more conservative MCL

Bold text indicates exceedance of Adjusted Tap Water RSLs

Shading indicates exceedance of MCIEAST-MCB CAMLEJ BTVs for Surficial Aquifer

RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents
BTV - Background Threshold Values for MCIEAST-MCB CAMLEJ
J - Analyte present, value may or may not be accurate or precise

U - The material was analyzed for, but not detected

UJ - Analyte not detected, quantitation limit may be inaccurate

pg/l - Micrograms per liter
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DVR \WINUSTRICTGFS01\PROJECTS\USNAVFACENGCOM405450\MCBCAMPLEJEUNEWAPFILES\SITE_UXO_25\424500 PA_SI\FIGURE 4 1 SS SAMPLING RESULTS NORTH.MXD JCROCKETT 8/31/2012 12:30:28 PM
T

g

Bold text indicates exceedance of Adjusted Industrial Soil RSLs

Shading indicates exceedance of the base BTV for undeveloped combined surface soil
RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents
Underline indicates exceedance of Adjusted Residential Soil RSLs

il
|Station ID VL-MWO01
: Sample ID VL-SS01-12B
o |Sample Date 04/25/12
A1Total Metals (mg/kg)
Chromium 0.81J
[iron 570
TP VLISO3 Station ID VL-IS02
ation - f
. e Sample ID VL-SS02-12B
Sample 1D VL-SS03-128 R 3 Sample Date 04/25/12
Sample Date 04/25/12 Total Metals (mg/kg)
Total Metals (mg/kg) Arsenic 0.68
Arsem'c 1l Chromium (hexavalent) 1.92 J-
Chromium §3J Chromium 38J
Iron 3,600 ron 1.000
Lead 38 Nickel 353
Nickel 831J
Thallium 0.087 J .
yp— —9 1 3 Station ID VL-IS06
anadium .
- Sample ID VL-SS06-128B
Sample Date 04/25/12
Total Metals (mg/kg)
Arsenic 0.69
Chromium 521
Iron 2,500
Nickel
Station ID VL-I1S04 Vanadium 7J
Sample ID VL-SS04-12B Station ID VL-IS05
Sample Date 04/25/12 Sample ID VL-SS05-12B
Total Metals (mg/kg) - \{Sample Date 04/25/12
Arsenic 0.63 f) Total Metals (mg/kg)
Chromium (hexavalent) 0.31 J- i3 Arsenic 0.49 J
Chromium 393 /] Chromium 23
Iron 3,200 Iron 1,500
Vanadium 7313
j D
OP
b ,r'! f
Base BTV Undeveloped Adjusted Adjusted
| Combined SS CLFEeAl;\IZI\:;§SL Industrial Soil Residential Soil
') (Aug 2011) ( ) RSLs (May 2012) | RSLs (May 2012)
,' Total Metals (mg/kg)
i Aluminum 12,800 -- 99,000 7,700
= : Arsenic 1.17 5.8 1.6 0.39
)  [Berylium 0.195 63 200 16
] ~ |chromium (hexavalent) 273 38 5.6 0.29
\ [|Chromium 17.4 3.8 5.6 0.29
. ) - [Soban 0.414 0.9 30 2.3
o Jij Iron 7,210 150 72,000 5,500
. . flLead 27.5 270 800 400
- !, 3 5- Manganese 37 65 2,300 180
i i Y A¥ Nickel 3.11 130 2,000 150
i [ ,.’{ Potassium 359 - - --
!' J & i [Thallium - 0.28 1 0.078
: I y \Vanadium 17.6 6 520 39
; Zinc 28.6 1,200 31,000 2,300
Legend Notes: Figure 4-1

@ Surface Soil Sampling Locations
~—— DGM Transects
UXO-25 - Verona Loop
) installation Boundary

J - Analyte present, value may or may not be
accurate or precise

J- - Analyte present, value may be biased low,
actual value may be higher

mg/kg - Milligrams per kilogram

RSL — Regional Screening Level

NC SSL - North Carolina Soil Screening Level

BTV - Background Threshold Values for MCIEAST-MCB CAMLEJ

Surface Soil Sampling Results - North

Site UXO-25 - Verona Loop PA/SI
MCIEAST-MCB CAMLEJ
North Carolina

N
0 125 250
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1 inch = 250 feet
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Notes;
[Bold box indicates exceedance of NC SSL | Station ID VL-IS07
Bold text indicates exceedance of Adjusted Industrial Soil RSLs Sample ID VL SS07-198
Shading indicates exceedance of the base BTV for undeveloped combined surface soil Sample Date oAP512
RSLs were adjusted for noncarcinogens to account for exposure to multiple constituents Total Metals (malk
P ] - . - g/kg)
Underline indicates exceedance of Adjusted Residential Soil RSLs Areenic 057
Station ID Chromium (hexavalent) 0.29 J-
ation VL1509 Chromium 2.8J
Sample ID VL-SS09-12B —
Iron 2,000
Sample Date 04/26/12
Total Metals (mg/kg) Station ID VL-1S08
Arsenic 12 Sample ID VL-SS08-12B
Chromium 56 J I Sample Date 04/25/12
Iron 3,000 ‘ Total Metals (mg/kg)
Vanadium 9.7 ' ~ |Aluminum 15,000
~ JArsenic 6.9
Station ID VL-IS11 ~ MBerylium 0.37
Sample ID VL-SS11-12B '/ Chromium 16 J
Sample Date 04/26/12 s Cobalt 1.6
Total Metals (mg/kg) _:f Iron 9,000
Arsenic 0.75 ¥ Lead 42
Chromium (hexavalent) 05 J 4 i | Manganese 79
Chromium 557 ' Nickel 463
j .
fon 1,600 : ! Potassium 470
Vanadium 8J 4 / Thallium 0.13
[ /d ==
f ‘1,0 i Vanadium 29 J
| / Zinc 120
Station ID VL-IS13 ¢ il ';{.: . Station ID VL-IS10
Sample ID VL-SS13-12B £ J Sample ID VL-SS10-12B
Sample Date 04/26/12 }J' ) Sample Date 04/25/12
Total Metals (mg/kg) ! Total Metals (mg/kg)
Arsenic 44 y Chromium 0.96 J
Chromium (hexavalent) .58 J- Iron 880
Chromium 6.5J J{{ y -
rom 3,600 /i . Station ID VL-IS12
- : ) Sample ID VL-SS12-12B
Vanadium 12 -
. Station ID VL-IS14 Sample Date 04/26/12
Sample ID VL-SS14-12B Total Metals (mg/kg)
Sample Date 04/26/12 Aluminum 16,000
’ Total Metals (mg/kg) Arsenic 2.2
i ., Aluminum 18,000 Beryllium 0.3
¥ - |Arsenic 2.l Chromium (hexavalent) 0.41 J-
. Beryllium 0.32 Chromium 12
gtanor I:?D VL-IS16 Chromium 121 Cobal 0.56
ample VL-SS16-12B / Cobatt 073 o 4,300
Sample Date 04/26/12 ;
0 [ron 4,700 Potassium 440
Total Metals (mg/kg) i o 56 -
Aluminum 9.700 . / . N‘_?T( | oS Thalium 0.13
~|Arsenic 0.93 [ ! g P::Ct e 42'0 Vanadum B
0.93 i as

Chromium (hexavalent) 0.97 J- -5|um

- — Thallum 0.11
Chromium 64J "

—1 Vanadium 16 J

Iron 2,200 ! #
Nickel 433 r . :

- Base BTV Undeveloped CLEAN NCSSL Adjusted Adjusted
Vanadium 83J Combined SS rob 2012 Industrial Soil | Residential Soil

g (Aug 2011) (Fe ) RSLs (May 2012) | RSLs (May 2012)
Total Metals (mg/kg)

4 Aluminum 12,800 -- 99,000 7,700
Station ID VL-MW02 Arser?lc 1.17 5.8 1.6 0.39
Samole D V15815198 Beryllium 0.195 63 200 16

9 P Chromium (hexavalent) 2.73 3.8 5.6 0.29
Sample Date 04/25/12 P 74 38 56 029
Total Metals (mg/kg) . Cobalt 0414 0.9 30 23
Arsenic 0.47 J k Iron 7,210 150 72,000 5,500
Chromium 19 . Lead 275 270 800 400
Iron 740 . f Manganese 37 65 2,300 180

r ' Nickel 311 130 2,000 150
Il‘ ’ Potassium 359 - -- -
Ay J Thallium -- 0.28 1 0.078
7 Vanadium 17.6 6 520 39
Zinc 28.6 1,200 31,000 2,300
Notes: :
Legend Figure 4-2

@ Surface Soil Sampling Locations
~—— DGM Transects
UXO-25 - Verona Loop
) Installation Boundary

J - Analyte present, value may or may not be
accurate or precise

J- - Analyte present, value may be biased low
actual value may be higher

mg/kg - Milligrams per kilogram
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Chromium 5.9 ff Lead 18
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: - { ~ #l allium 0.091 J
Station ID VL-IS11 \ - —_—
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Station ID VL-IS13 <) 4 Fon 9,300
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Notes; _ Thallium 0.12
bold box indicates exceedance of NC SSL | T n
Bold text indicates exceedance of Adjusted Industrial Soil RSLs
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SECTION 5

Human Health Risk Screening

A conservative human health risk screening (HHRS) was performed to assess the potential for human health risks
associated with exposure to groundwater and soil at UXO-25. The results of the HHRS provide a preliminary
indication of potential risks from chemicals of potential concern (COPCs), and are used to help evaluate whether
future unrestricted (i.e., residential) use of the site is acceptable or if the site requires further evaluation (e.g.,
additional data collection, a baseline risk assessment). The HHRS was performed in a phased approach, as
described below. All HHRS results are included in Appendix F.

The validated laboratory analytical data used in the HHRS included the surface and subsurface soil and groundwater
samples collected in April 2012, as discussed in Section 4.1. A review of the data identified the following criteria for data
usability:

e Estimated values flagged with a J qualifier were treated as detected concentrations
e  For duplicate samples, the maximum concentration between the two samples was used as the sample concentration

5.1 Methodology

The HHRS was conducted in three steps using a risk ratio technique (Navy, 2000). COPCs identified in Step 1 were
evaluated in Step 2. If COPCs were identified in Step 2, they were evaluated in Step 3. The three-step screening
process is described below.

5.1.1 Step 1

The maximum detected concentrations for each medium were compared to the USEPA risk based RSLs (USEPA, 2012),
other human health risk screening levels (if appropriate), and the MCIEAST-MCBCAMLEJ BTVs (CH2M HILL, 2011c and d).
RSLs based on non-carcinogenic effects were divided by 10 to account for exposure to multiple constituents (i.e., were
adjusted to a hazard quotient [HQ] of 0.1, from the HQ of 1 used in the RSL table). RSLs based on carcinogenic endpoints
were used as presented in the RSL table, and are based on a carcinogenic risk of 1 x 10°.

The soil data were compared to residential soil RSLs. Residential soil RSLs are more conservative (i.e., lower) than industrial
soil RSLs and are therefore protective of all potential receptors (e.g., military personnel, trespassers/visitors, residents,
industrial workers, construction workers). The soil data were also compared to the BTVs for combined soil types in
undeveloped areas (CH2M HILL, 2011c). The NC SSLs (NCDENR, 2011) are shown on the Step 1 soil screening tables;
however, they were not used to identify COPCs.

The groundwater data were compared to tap water RSLs and the BTV for surficial aquifer groundwater concentrations
(CH2M HILL, 2011d). Lead concentrations in groundwater were compared to the lead federal action level for drinking water
of 15 micrograms per liter (ug/L) (USEPA, 2009). Groundwater data were also compared to the maximum contaminant
levels (MCLs) (USEPA, 2009) and the NCGWQS (NCDENR, 2010); however, these comparisons were not used to identify the
groundwater COPCs to carry forward to Step 2.

If the maximum detected concentration of a constituent in groundwater or soil exceeded the applicable screening value
and BTV, the screening level risk evaluation proceeded to Step 2.

In addition to comparing the detected concentrations to the screening levels, the detection limits for non-detected
analytes were compared to the screening levels. Non-detected analytes with detection limits exceeding the screening level
were not identified as COPCs to carry forward to Step 2, but are discussed below to evaluate the potential for
underestimating the total risks.
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5.1.2 Step 2

For analytes identified as COPCs in Step 1, a corresponding risk level was calculated using the following equation:

concentration x acceptable risk level
corresponding risk level = RSL

The concentration is the maximum detected concentration (the same concentration that was used in Step 1). The
acceptable risk level is 1 for non-carcinogens and 107 for carcinogens. RSLs for noncarcinogenic effects were not
adjusted by 10 as was done in Step 1; they are used as presented in the RSL table.

The corresponding risk levels for each analyte were summed to calculate the cumulative corresponding hazard
index (HI) (for non-carcinogens) and cumulative corresponding carcinogenic risk (for carcinogens). A cumulative
corresponding HI was also calculated for each target organ/effect. If the cumulative corresponding Hl for a target
organ/effect is greater than 0.5, or the cumulative corresponding carcinogenic risk is greater than 5x107, the
analytes contributing to these values are retained as COPCs and further evaluation of the site may be necessary.
For this HHRS, no COPCs were retained for Step 3 evaluation.

5.2 Human Health Risk Screening Results
Surface Soil

Tables F-1 and F-1a show the risk-based screening and risk ratio evaluation for surface soil. As shown in Table F-1,
aluminum, arsenic and thallium were identified as COPCs for evaluation in Step 2. Based on Step 2 (risk ratio using
maximum detected concentrations, Table F-1a) there were no analytes detected in surface soil at concentrations
exceeding target risk levels. Therefore, exposure to surface soil would not result in any unacceptable human
health risks, and no further evaluation of surface soil required based on potential human exposure.

Subsurface Soil

Tables F-2 and F-2a show the risk-based screening and risk ratio evaluation for subsurface soil. As shown in

Table F-2, hexavalent chromium and thallium were identified as COPCs for evaluation in Step 2. Based on Step 2
(risk ratio using maximum detected concentrations, Table F-2a) there were no analytes detected in subsurface soil
at concentrations exceeding target risk level. Therefore, exposure to subsurface soil would not result in any
unacceptable human health risks, and no further evaluation of subsurface soil required based on potential human
exposure.

Groundwater

Tables F-3 and F-3a show the risk-based screening and risk ratio evaluation for groundwater. As shown in Table F-
3, mercury was identified as a COPC for evaluation in Step 2. Based on Step 2 (risk ratio using maximum detected
concentrations, Table F-3a) mercury was eliminated as a COPC in groundwater at UXO-25. Therefore, exposure to
groundwater would not result in any unacceptable human health risks, and no further evaluation of groundwater
required based on potential human exposure.

5.2.1 Non-detected analytes

For surface and subsurface soil, four explosives that were not detected had detection limits that exceeded
screening values; however, the detection limits were within an order of magnitude of the screening level.

There were 13 explosives and 3 metals not detected in groundwater with detection limits that exceeded screening
level. All of the explosives have detection limits within an order of magnitude of the screening value. Of the three
metals not detected in groundwater with detection limits that exceeded screening levels, two, (antimony and
thallium) have detection limits within an order of magnitude of the screening level, background level, or MCL.
Hexavalent chromium is the other metal not detected in groundwater with detection limits that exceed the
screening level.
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5.3 Human Health Risk Screening Summary

The human health risk based screening indicates that exposure to surface soil, subsurface soil, or groundwater at
UXO0-25 would not result in any COPCs, or unacceptable risks to human health.
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SECTION 6

Ecological Risk Screening

This section presents the ecological risk screening for UXO-25.

6.1 Site Ecological Setting and Available Data

Site UX0-25 is predominately forested. Dominant species include Loblolly pine (Pinus taeda) and sweet gum
(Liquidambar styraciflua). A drainage ditch intersects the southern portion of the site. The ditch drains to a culvert
that extends beneath U.S. Route 17 and discharges into Mill Run Creek located immediately east of the highway,
as shown on Figure G-1 of Appendix G. The drainage ditch is incised and, based on observations during site visits,
appears to have been dredged. No additional water bodies or wetlands are present on the site. However,
wetlands are located immediately west of U.S. Route 17 and the site. While groundwater likely flows east toward
Mill Run Creek based on the topography of the area, shown on Figure G-2 included in Appendix G, insufficient
data were collected at the site to be able to confirm. The ecological checklist in Appendix G identifies the
terrestrial and aquatic habitats onsite.

The ERS evaluated all analytical data collected for the environmental investigation, as discussed in Section 4.1.
The validated laboratory analytical data for each media are presented in Tables G-1 through G-3 in Appendix G.

6.2 Screening Methodology

For each medium (surface soil, subsurface soil, and groundwater), maximum and arithmetic mean concentrations
of chemicals (i.e., exposure concentrations) were compared to Ecological Screening Values (ESVs) intended to be
protective of ecological receptors. Hazard quotients were calculated by dividing the exposure concentrations by
the ESVs. It should be noted that ESVs for metals in water are generally based on dissolved concentrations. As a
result, comparing them to total metals concentrations is conservative and may overestimate risk.

The arithmetic mean was calculated using detected concentrations and one-half of the reporting limits for non-
detected samples. For duplicate samples, the higher concentration was selected.

For soil, the USEPA Ecological Soil Screening Levels (EcoSSL) (USEPA, 2011a) were preferentially selected over
USEPA Region 4 values (USEPA, 2001). When no EcoSSL was available for a constituent, the USEPA Region 4 value
was selected.

A selection hierarchy was also applied to groundwater. The National Recommended Water Quality Criteria
(NRWQC; USEPA, 2011b) were preferentially selected over the USEPA Region 4 values. However, when no
NRWQC was available for a constituent, the USEPA Region 4 value was selected as the ESV. Groundwater
discharges to Mill Run Creek immediately east of the site. Because Mill Run Creek is a freshwater body at the
discharge point, groundwater data were screened against freshwater ESVs.

When an ESV value was not available for a detected analyte, a supplemental screening value from published
literature was used, as available.

Maximum concentrations of metals in surface and subsurface soil were also compared to the BTV for
undeveloped areas with combined soil types (CH2M HILL, 2011c). Maximum concentrations of metals in
groundwater were also compared to the BTV for the surficial aquifer (CH2M HILL, 2011d). The BTV represents a
95/95 upper tolerance limit (UTL), which is an upper bound (with 95 percent confidence) of the background 95th
percentile.
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6.3 Screening Results

This section addresses constituents that were detected. Non-detected constituents are not expected to pose a
risk to ecological receptors. Table G-4 of Appendix G presents the surface soil screen, Table G-5 presents the
subsurface soil screen, and Table G-6 presents the groundwater screen.

6.3.1 Surface Soil

Of the detected analytes in surface soil with available ESVs, aluminum, antimony, iron, lead, selenium, vanadium,
and zinc had maximum-based HQs greater than one. The maximum concentrations of antimony and selenium
were consistent with background. The maximum-based HQ for zinc had a low magnitude of exceedance (HQ less
than 3) and the mean-based HQ was less than 1. Lead and vanadium also had a low magnitude of exceedance
(HQs less than 2) based on the mean. Aluminum and iron had elevated HQs, however only 1 of the 16 samples for
both analytes exceeded the BTV suggesting that these analytes are generally consistent with background. As a
result, analytes detected in surface soil are not expected to pose an unacceptable risk to ecological receptors.

6.3.2 Subsurface Soil

In subsurface soil, aluminum, iron, lead, selenium, and vanadium had maximum-based HQs greater than one. The
maximum concentrations of aluminum, iron, and vanadium were consistent with background. Lead and selenium
both had low magnitudes of exceedance (maximum-based HQs less than 2) and mean-based HQs less than one.

As a result, analytes detected in subsurface are not expected to pose an unacceptable risk to ecological receptors.

6.3.3 Groundwater

The detected constituents in groundwater either had maximum-based HQs less than one or were consistent with
the BTV. Consequently, analytes detected in groundwater are not expected to pose an unacceptable risk to
ecological receptors.

6.4 Summary

Based on the results of the ecological risk screening, analytes detected in surface soil, subsurface soil, and
groundwater are not expected to pose an unacceptable risk to ecological receptor populations.
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SECTION 7

Conclusions and Recommendations

This section presents the conclusions of the environmental and MEC investigations. Recommendations based on
these conclusions are also presented.

7.1 Conclusions

7.1.1  Environmental Investigation

This PA/SI involved the collection of surface soil, subsurface soil, and groundwater samples for analysis of MC. The
concentrations of explosives residues and perchlorate were below regulatory criteria in all media. There were no
metals detected in exceedance of background or regulatory standards in groundwater samples. The
concentrations of seven metals (aluminum, arsenic, cobalt, hexavalent chromium, iron, manganese, and
vanadium) in soil samples exceeded regulatory standards and the BTV. However, based on the results of the HHRS
and ERS, exposure to surface soil, subsurface soil, and groundwater do not pose unacceptable risks to human
health or the environment.

7.1.2 Digital Geophysical Mapping and Intrusive Investigation

The DGM survey was conducted over roughly 2.5 acres (10 percent of UXO-25) in both the north and south areas
of Site UXO-25, along approximately 34,074 linear feet of transects. The DGM investigation identified 361 targets
with the characteristics of potential MEC. The intrusive investigation of these 361 targets did not recover any
MEC, MPPEH, or munitions related debris.

7.2 Recommendations

No further action and closure of the site under the MMRP are recommended for Site UXO-25.
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SECTION 1

Introduction, Purpose, and Scope

Marine Corps Base Camp Lejeune (MCB CamLej) will conduct a Preliminary Assessment/Site Inspection (PA/SI) at
Military Munitions Response Program (MMRP) Site Unexploded Ordnance (UXO) 25 — Verona Loop Munitions
Response Site (MRS) (Figure 1-1). This PS/SI will be used to evaluate the need for additional Munitions Response
(MR) activities for the planned military construction (MILCON) and/or environmental remediation activities at this
MRS. A detailed description of the proposed PA/SI activities is provided in the Draft Preliminary Assessment/Site
Inspection Work Plan Addendum, Verona Loop Munitions Response Site (CH2M HILL, 2011).

1.1 Objective

The objectives of this PA/SI are to:

e Evaluate the presence of potential subsurface MEC

e Evaluate the potential presence of soil and groundwater MC contamination within UXO-25.

The Archival Records Search Report (ARSR) will be used to focus the PA/SI investigation on areas where suspected
impacts have occurred or are occurring. Figure 1-2 shows the site as well as surrounding areas.

1.2 Scope

The ARSR includes a review of existing information relating to the sites and the surrounding areas, with an emphasis
on information from personnel and historical resources that might indicate the presence of impacted environmental
media. The scope of the report includes:

e Review of existing historical information for M-16, Outdoor Classroom, and the Impact Area “M” (including MCB
Camlej maps, drawings, reports, and interviews with Base personnel)

e Review of additional information pertaining to the M-16, Outdoor Classroom, and the Impact Area “M” based on
the information gathered during the historical records review

A summary of the resources identified and reviewed during the preparation of the ARSR is provided in Attachment 1
and includes current MCB CamLej records.
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SECTION 2

Site Information

2.1 Facility Information

MCB CamlLej is located on the Atlantic coast in Jacksonville, North Carolina. The city of Jacksonville, located in
Onslow County, is the principal support community for MCB CamLej. The MCB CamLej mission is to maintain
combat-ready units for expeditionary deployment.

MCB CamLej occupies 153,000 acres, including more than 450 miles of roads, approximately 6,800 buildings and
facilities, and 14 miles of beach on the Atlantic Ocean. Approximately 14,000 acres of land have been developed
for administrative, maintenance, logistics, and personnel support facilities. Originally established in 1941, MCB
CamLej is home to Marine Expeditionary Force units and the base and surrounding community is home to an
active duty, dependent, retiree and civilian employee population of approximately 180,000 people.

2.2 Ownership History

The history of the land now occupied by MCB CamLej is documented primarily through land records and tax maps.
In 1941, following the start of World War Il, the War Department began purchasing tracts of land from local
residents to meet the need for an East Coast amphibious training facility. Prior to the Marines occupation, the
land had been occupied by small rural communities and farms. The historical land use consisted of plantation
houses, cabins, farm buildings, tobacco barns, stores, and various cemeteries (Global Security Website, 2011).

The initial land acquisition consisted of 14 different transactions between April and October 1941 and totaled
173.8 square miles, or 111,155 acres, of which there were 85,155 land acres and about 26,000 acres under water.
The individual tracts of land were grouped into various ‘Areas’ for consolidation.

The UXO-25 is located within Property Map Area M, between the New River and United States (U.S.) Route 17.
Figure 2-1 shows the property map for Area M (Bureau of Yards and Docks, 1941), which includes UXO-25.
Property Area M includes 117 tracts of land acquired by the government from area landowners on August 2,
1941, and is roughly bounded by the New River to the east, Stone Creek to the south, Southwest Creek to the
north, and U.S. Route 17 to the west near the town of Verona, North Carolina (USACE, 2001a). Site UXO-25
includes portions of eight tracts of land that were purchased in 1941, as shown in the 1941 Property Map for
Area M. The facility was initially referred to as the Marine Barracks New River, which was changed to MCB CamLej
in 1942 (Global Security Website, 2011).

2.3 Operational History

Site UX0-25 consists of those portions of two former ranges, the Impact Area “M” range and the M-16, Outdoor
Classroom range, that are located west of U.S. Route 17 (Figure 2-2). During the timeframe when the ranges were
in use, U.S. Route 17 was located to the west of the range areas. U.S. Route 17 was relocated in 1999
(Attachment 2), which left approximately 25 acres of the former range to the west of U.S. Route 17. These areas
west of U.S. Route 17 border residential areas of the Verona Township.

Previous studies include the Preliminary Range Assessment (PRA) (USACE, 2001a) and Archive Search Report (ASR)
(USACE, 2001b). Historic information indicates that between 1941 and 1945, Impact Area “M”, was possibly used
for live fire and maneuver exercises with the use of mortars, recoilless rifles, 2.36-inch rockets, and hand and rifle
grenades (Attachment 3 and 4) (USACE, 2001a). The former Impact Area “M” range is described as being bounded
by U.S. Route 17, Stone Creek, New River, Mill Creek, Verona Loop Road, Lewis Creek, New River, and Southwest
Creek (USACE, 2001a). Camp Training Order 5-1946, dated March 19, 1946, states that the former Impact Area
“M” range has been disestablished and is no longer used for the firing of live ammunition (USACE, 2001a).

During the 1950s and 1960s, numerous artillery ranges were located within Impact Area “M” (Table 2-1)
(Attachment 3 and 4) (USACE, 2001a, USACE, 2001b). A detailed description of the ranges found within Impact
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Area “M” can be found in the ASR (USACE, 2001b). The existing conditions map from 1979 (Attachment 5) also
indicates three additional ranges: M-107 Hand Grenade Range, M-109 Infiltration Course, and M-118 Individual
Movement Day range within area “M”. Site UXO-25 is not located within these ranges, and it is unlikely that Site
UXO0-25 has been impacted by activities at these locations.

The only reference to the M-16, Outdoor Classroom, is a range map dated 1958. Historical range information
indicates that 0.30-caliber blanks may have been used, along with pyrotechnics. The pyrotechnic munitions are
known to contain a filler that is extremely sensitive to heat, shock, and friction. This area is no longer used for the
firing of live ammunition. Personal communication with Mr. Ben Redmond, a former range control officer at MCB
CamLej, indicated that M-16, Outdoor Classroom, was an assembly area consisting of a set of bleachers used for
teaching purposes. Mr. Redmond also indicated that “the impact area for mortars and artillery was well to the
east (of the subject site), and a lot of the munitions listed (on the PRA) were not used” (Redmond, 2011).

Artillery Training Area 1941 (Plat 2 of Attachment 4) extends into Impact Area “M” and ends approximately
1,500 meters east of UXO-25. The PRA (USACE, 2001a) assumes that 75-millimeter (mm), 105-mm, and 155-mm
Howitzers were used in this range from 1941 to 1943. Impacts from Artillery Training Area 1941 would not be
expected within UXO-25.

2.4 Ongoing Site Investigations

There have been no known environmental investigations performed near UXO-25.

2-2 ES100411202748VBO



SECTION 3

Findings

Based on the historical records review, UXO-25 is located on the western portion of ranges where blank
ammunition, pyrotechnics, mortars, recoilless rifles, 2.36-inch rockets, 0.30-caliber blanks, and hand and rifle
grenades may have been used (USACE, 2001b). Based on the nearby location of churches, residential areas near
Verona, North Carolina, and the proximity to and relocation of U.S. Route 17, there is a low probability that MEC
exists at UXO-25.
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TABLE 2-1

Impact Area "M" Ranges - 1958 to 1969
Verona Loop Munitions Response Site
MCB CamLej, North Carolina

RANGE DESCRIPTION MUNITION TYPES
.30 Caliber, M3 Crimped Cartridges, M28 Rifle Grenade, M29 Rifle
M-4 Rifle Grenade Range Grenade, White Phosphorous Hand and Rifle Grenade, Pyrotechnics and
Demolitions

M-4A Practice Hand Grenade Course Practice Hand Grenades

M-5 Practice Rifle Grenade Range M29 Practice Rifle Grenade

M-6 Infiltration Course Small Arms and Demolitions (1/4 pound)

Landscape Range (a.k.a. 1000-Inch
M-7 P . ge ( .30 Caliber Weapons (Pistols and Revolvers), Riot Guns
Machine Gun Range)
M-8 Assault of a Fortified Position M1 Rifles, Flame Throwers, and 3.5-inch Rocket Launchers
. Small Arms (Blanks), Boobytrap Devices, Practice Hand Grenades and
M-9 Combat Vill A
ombat Village Area Land Mines, Pyrotechnics, Smoke Grenades
M-10 Hand Grenade Range WP and HE Hand Grenades
Small Arms, Practice Rifle G des, WP Hand and Rifle G des,
M-11 Assault on a Fortified Position Area mall Arms, Fractice Rifle r.ena es an andRitle Grenades
Pyrotechnics, and Demolitions
Mine, Booby Trap Display Area (a.k.a. M-15 . . . . .

-1 P M | M B T D
M-15 Mine Field Disposal Area) ractice Mines, Improvised Mines, and Booby Trap Devices
M-16 Outdoor Classroom Blank Ammunition and Pyrotechnics
M-17

Practice Hand and Rifle Grenade Range

Practice Grenades

Page 1 of 1
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Resource Review Summary

The following table provides a summary of the specific references identified for review, interview, or contact for
the archival report.

Resource Actions Completed
Camp Lejeune Real Estate Office Obtained all relevant documents related to historical land use.
Camp Lejeune Public Works Office Obtained all relevant documents related to historical land use.
Camp Lejeune Personnel
Rachel Johnston/Combat Camera Archives Contacted and phone interviewed (August 25, 2011)
Rick Richardson/Base Archaeologist/Cultural Resources Program Contacted via e-mail (September 15, 2011)

Manager

A.1 MCB Camp Lejeune Base Records Review

Contact: Alice Bonnette
Technical Records, Public Works Office
Marine Corps Base, Camp Lejeune
(910) 451-2818 ext 273

Per phone and e-mail, conversations provided floor and site plans to all buildings requiring a public works contract
as well as an Existing Conditions Map for the Verona Loop Munitions Response Area - 1979.

Contact: Linda Rose Futrell
Realty Specialist, Public Works Division
Marine Corps Base, Camp Lejeune
(910) 451-2818 x271
(910) 545-9269 (cell)

Provided map of the land the Government purchased in 1941 for the Area M that includes the Verona Loop
Munitions Response Area.

Property Map, Area M. Marine Barrack, New River, NC. Bureau of Yards and Docks, 1941.

Contact: Rachel Johnstone
Archivist, Combat Camera
Marine Corps Base, Camp Lejeune
(910) 451-1238

Currently the office holds photos and oral histories of the main area of MCB CamLej and the collection is growing.
Specifically, photographs of range area M-113 and M-115 were found, two range areas within Impact Area “M”.
These ranges are located approximately 1.6 miles northeast of the VLMRA.

Contact: Rick Richardson
Base Archaeologist/Cultural Resources Program Manager
Marine Corps Base Camp Lejeune, NC 28542
(910)451-7230

Currently the office holds histories of the cultural resource areas within MCB CamLej. Based on information
provided by Mr. Richardson, there are no archaeological sites in the Verona Loop Munitions Response Area
(yellow boundary area on site figures), and only one ineligible archaeological site in the M-16 Outdoor Classroom



RESOURCE REVIEW SUMMARY

area at far eastern edge (sensitivity to cultural information in this area prohibits the specific location from being
shown on a map).

A cultural survey was conducted in the Verona Loop Munitions Response Area in 1991 by Louis Berger and
Associates for the North Carolina Department of Transportation as part of the US Hwy 17 widening, and a portion
of the M-16 Outdoor Classroom area was surveyed in 1993 by Goodwin and Associates for Wastewater Treatment
Upgrade project. The survey did not indicate any archaeological/cultural sites within the Verona Loop Munitions
Response Area. The ineligible archaeological site at the at far eastern edge of theM-16 Outdoor Classroom is
outside of the Verona Loop Munitions Response Area where the environmental investigation is to take place.
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1958 Aerial of Air Station and Verona Loop



1972 Aerial of Verona Loop Area
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1993 Aerial of Verona Loop - Pre-construction for widening of US Hwy 17



1999 Aerial of Verona Loop - Shows construction (widening) of US Hwy 17



Date Unknown - Historical Photograph of M-113 Range Area (courtesy
of Combat Camera Archives)



Date Unknown - Historical Aerial of M-113 Range Area (courtesy of
Combat Camera Archives)



Date Unknown - Historical Photograph of M-115 Range Area (courtesy
of Combat Camera Archives)



Date Unknown - Historical Aerial of M-115 Range Area (courtesy of
Combat Camera Archives)
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APPROXIMATE SCALE IN METERS
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KEY TO FEATURES:

FEATURE FEATURE
NUMBER DESCRIPTION

A-1 50 FOOT .22 CALIBER RANGE

B-6 50 FOOT SMALL ARMS RANGE

B-1T INFANTRY WEAPONS DEMOSTRATION COURSE
D-27 FORTIFIED BEACH ASSAULT AREA
E-1A AAA AND ANTI-BOAT FIRING RANGE
E-IB  AAA AND ANTI-BOAT FIRING RANGE
F-1  FIELD FIRING RANGE

F-2  FIELD FIRING RANGE

F=3  FIELD FIRING RANGE

F-4  FIELD FIRING RANGE

F-6  LIVE HAND GRENADE RANGE

F-T .22 CALIBER RANGE, 1000 INCH
F-10  MACHINE GUN QUALIFICATION RANGE
F=1l  PISTOL RANGE

F-12 FIELD FIRING RANGE

F-13 FIELD FIRING RANGE

F-14 FIELD FIRING RANGE

F-1T DRY NET MOCK-UP

G-1  COMBAT RANGE

G-4  DEMOLITIONS ASSAULT COURSE
G-5  ANTI-TANK RANGE

G-6  ARTILLERY RANGE

G-T  DIRECT FIRE ARTILLERY RANGE
G-10 IMPACT AREA

G-=ll BATTLE INDOCTRINATION COURSE
1-2  DEMOLITION RANGE

I-4  DEMOLITION AREA

dJ=1 1000 INCH RANGE

J=2 1000 INCH RANGE

L=1  PISTOL RANGE

L-2  RIFLE RANGE

M-1  RANGE M-I

HISTORICAL MAP SHEET DATA USED IN THIS REPORT WAS RECTIFIED TO A
CURRENT MAP PROVIDED BY MCB CAMP LEJEUNE USING INTERGRAPH CORPORATION
SOFTWARE. THE ACCURACY OF FEATURES RECTIFIED FROM THE HISTORICAL MAP
SHEET DATA TO THE CURRENT MCB CAMP LEJEUNE MAP MAY VARY.

'. U.S. ARMY CORPS OF ENGINEERS
o of ST. LOUIS DISTRICT

MARINE CORPS BASE
(MCB) CAMP LEJEUNE
JACKSONVILLE, NORTH CAROLINA
ONSLOW COUNTY
RANGE OVERLAY MAP-AUGUST 1951

PROJ. DATE: SEPT. 1009 DATE OF BASE MAF: 1908 PLATE NO. 5

10-MAR-2000 12140 Mitoewtnor thoarolts Jeuenetaugsir.dgn




KEY TO FEATURES: =

LEGEND FEATURE FEATURE
— NUMBER DESCRIPTION
A- 50 FOOT .22 CALIBER RANGE
D SITE LOCATION B-3  GAS CHAMBER
B-6 1000 INCH RANGE
D-3  PRACTICE HAND GRENADE COURSE
e gﬂggslg Aég&gfgy ||'g“553T0RICAL MAP D-6  PRACTICE HAND GRENADE COURSE

D-7  GAS CHAMBER
D-27 FORTIFIED BEACH ASSAULT AREA
E-IA  AAA AND ANTI-BOAT RANGE
E-IB  AAA AND ANTI-BOAT RANGE
F-1  FIELD FIRING RANGE
F-2  FIELD FIRING RANGE
F-3  FIELD FIRING RANGE
& F-6  LIVE HAND GRENADE RANGE
: F-7 1000 INCH RANGE
F-9  TRIANGULATION RANGE
4z F-10  MACHINE GUN QUALIFICATION RANGE
F-I0A 1000 INCH RANGE
o F-Il  PISTOL RANGE
F-12  FIELD FIRING RANGE
F-I3  FIELD FIRING RANGE
F-14  FIELD FIRING RANGE
F-16  COMBAT VILLAGE
G-1  COMBAT RANGE
G-4  ASSAULT DEMOLITION AREA
_ G-5  ANTI-TANK RANGE
N Sl R j G-5A  MECHANIZED ANTI-TANK RANGE
Sk, ../f 61 ] G-6  ARTILLERY RANGE
7 G-T  DIRECT FIRE ARTILLERY RANGE
G-10  IMPACT AREA
G-Il BATTLE INDOCTRINATION RANGE
G-13  MINIATURE ANTI-AIRCRAFT RANGE
G-14  TANK MACHINE GUN RANGE
I-4  DEMOLITION AREA
J-1 1000 INCH RANGE
J-2 1000 INCH RANGE
k-2 IMPACT AREA
L-2  IMPACT AREA
L-3  MACHINE GUN TRANSITION RANGE
L-4 1000 INCH RANGE
M-4  FIELD FIRING RANGE
M-5  ARTILLERY RANGE
M-5A ARTILLERY RANGE
N-I  DANGER AREA
PR PISTOL RANGE
RR  RIFLE RANGE

S

1

L 'Di'-‘lF_LD AMMUNITION
i e

sssNOTE: HISTORICAL MAP SHEET DATA USED IN THIS REPORT WAS RECTIFIED TO A
CURRENT MAP PROVIDED BY MCB CAMP LEJEUNE USING INTERGRAPH CORPORATION
SOFTWARE. THE ACCURACY OF FEATURES RECTIFIED FROM THE HISTORICAL MAP
SHEET DATA TO THE CURRENT MCB CAMP LEJEUNE MAP MAY VARY.

N U.S. ARMY CORPS OF ENGINEERS
ST. LOUIS DISTRICT
ONSLOW BAY
MARINE CORPS BASE
- P 23 (MCB) CAMP LEJEUNE
0 3000 6000 S JACKSONVILLE, NORTH CAROLINA
———————— | —— hradt o o e g ONSLOW COUNTY
I HRHE S q %8 B8 U RANGE OVERLAY MAP-FEBRUARY 1953
PROJ. DATE: SEPT. 1960 DATE OF BASE MAP: 1008 PLATE NO. 6
10-MAR-2000 2158 nioswtnar thoaroldejeusnetisfebss.dgn 4




LEGEND KEY TO FEATURES:
FEATURE FEATURE
NUMBER DESCRIPTION
E SITE LOCATION A-l 50 FOOT .22 CALIBER RANGE
B-3  GAS CHAMBER
1 RANGES TAKEN FROM HISTORICAL MAP B-5  PRACTICE HAND GRENADE COURSE
DATED 30 JUNE 1954 B-6 50 FOOT SMALL ARMS RANGE
D-3  PRACTICE HAND GRENADE COURSE
‘ ‘ . D-6  PRACTICE HAND GRENADE COURSE
SR RS 4 i 45 D-7 GAS CHAMBER
: : D-9  SKEET RANGE
: : : . D-27 FORTIFIED BEACH ASSAULT AREA
ROupe gt = ] 3 o Ciaala i E-IA  AAA AND ANTI-BOAT FIRING RANGE
2 - F=l S : : E-IB  AAA AND ANTI-BOAT FIRING RANGE
- =2 a.--:'/ : D SO F-1  FIELD FIRING RANGE
R F=14, Al F-2  FIELD FIRING RANGE
V| N 1 7 : : F-3  FIELD FIRING RANGE
TN 3 f?x """"" LR AalEs F-4  FIELD FIRING RANGE
' / g : : 7 F-6  LIVE HAND GRENADE RANGE
- RPN Wy F-T .22 CALIBER RANGE 1000 INCH
' E & & & F-9  TRIANGULATION RANGE
\ o : K P F-10 1000 INCH RANGE
~ 5 < F-10A MACHINE GUN QUALIFICATION RANGE
: : F-Il  PISTOL RANGE
. L ¥ . 39 F-12  FIELD FIRING RANGE
F-13  FIELD FIRING RANGE
/ o~ SR W A R F-14 FIELD FIRING RANGE
F=3/F-4" : : : : F-16  COMBAT VILLAGE
i é : 5 i - S S G-I  COMBAT RANGE
A e~ e e AR i Tt Sl S - G-4  DEMOLITION ASSAULT COURSE
: 3 N~ Tl B : : : ) G-5  ANTI-TANK RANGE
. j S e Y G-5A  MECHANIZED ANTI-TANK RANGE
-6k b & 3 G-6  ARTILLERY RANGE
; I : : 5 G-T  DIRECT FIRE ARTILLERY RANGE
G-10] 2 A g ke G-10  IMPACT AREA
: : Ce-T AT : : G-Il BATTLE INDOCTRINATION RANGE
< it o W\ Sl .. 34 G-13  MINIATURE ANTI-AIRCRAFT RANGE
G-t [2=C0MN A AR\ ¢ G-14  TANK MACHINE GUN RANGE
_ | { Z NN LB I-4  DEMOLITION AREA
AT T el N SRR SN J-1 1000 INCH RANGE
/‘1~< ﬁG > : A\ = N-1 J-2 1000 INCH RANGE
V5 = oe 5 A\ o L S5P —. K-2  IMPACT AREA
\ c-4" —\ s B : : : L-2  IMPACT AREA
\ D2 \NSBAAN ~ L s L-3  MACHINE GUN TRANSITION RANGE
= >\ : : : : : L-4 1000 INCH RANGE
. " ‘ : . - M-4  FI
e LR AN YY) N D o SR W mroms; G o S e
» £ ke S . / : INLET ;
: 7 ONANGS J ELLIS (\@ ; Y., Ry ! ’/ ; : : : ; .
e e N N - 5 - - N T Bl - (i e o S d CUUES|=B i % | eeeNOTE: HISTORICAL MAP SHEET DATA USED IN THIS REPORT WAS RECTIFIED TO A
" A + %4 ool ) : : : W e i Vi : : : : CURRENT MAP PROVIDED BY MCB CAMP LEJEUNE USING INTERGRAPH CORPORATION
g ““, T I S . W oS TR : EPE R i e inh o Boni i e it i B vain B SOFTWARE. THE ACCURACY OF FEATURES RECTIFIED FROM THE HISTORICAL MAP
5‘ . : R S & s e, ( Y 2% & o £ W SHEET DATA TO THE CURRENT MCB CAMP LEJEUNE MAP MAY VARY.
57. a 4’6&& 'B'A.'Y - U3 T V. ...... 27
i, Y , Z
""""" ?/ e e N U.S. ARMY CORPS OF ENGINEERS
g ’J‘-‘.‘- — —
LALZL A EIA R oo B a5 Sl o ST. LOUIS DISTRICT
: : ONSLOW BAY : :
St Sttt RS o S : AN (N SRS LY. PN s avmind) s ol s il = a8 s et O, SO P YL S S M E
A e e R e . . : : : _: : ‘ 5 ; : : ARINE CORPS BAS
W W WO W VR W NG (W O S T N (MCB) CAMP LEJEUNE
0 3000 6000 r £ op 4 &£ & BT ' BEEE JACKSONVILLE, NORTH CAROLINA
; : : : S . e : B sl ' ‘ iy o K %2200 0
P——————————— ~ Mgttt rusgt S s FeRRRs s - A LAk : 0 NTY
APPROXIMATE SCALE IN METERS & W @ &% 9 . ¥ WYy 92 %W 94 5 9% 97 9 89 300w USEY EOT
RANGE OVERLAY MAP-JUNE 1954
PROL. DATE: BEPT. 1988 DATE OF BASE MAP: 1088 PLATE NO. 8
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LEGEND

1 siTE LOCATION

[ 1 RANGES TAKEN FROM HISTORICAL MAP
DATED 3 APRIL 1958
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APPROXIMATE SCALE IN METERS
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KEY TO FEATURES:

KEY TO FEATURES:

FEATURE FEATURE FEATURE FEATLRE

NUMBER DESCRIPTION NUMBER DESCRIPTION
A-l 50 FOOT .22 CALIBER RANGE K-15 MACHINE GUN FIELD FIRING RANGE
B-3 GAS CHAMBER 500" AND 1000°
B-6 50 FOOT SMALL ARMS RANGE K-8 INFANTRY WEAPONS DEMONSTRATION
D-3 PRACTICE HAND GRENADE COURSE RANGE
D-6 50 FOOT INDOOR SMALL BORE RANGE K=17 PRACTICE HAND GRENADE COURSE
D-T  GAS CHAMBER K-19 300 YARD BATTLESIGHT RANGE
D-27 FORTIFIED BEACH ASSAULT AREA K-20  HAND GRENADE RANGE
D-29 50 FOOT SMALL BORE RANGE K-21 FLAME THROWER RANGE
D-30 50 FOOT SMALL BORE RANGE L-2 IMPACT AREA
E-IA  AAA AND ANTI-BOAT FIRING RANGE L-4 1000 INCH RANGE
E-IB  AAA AND ANTI-BOAT FIRING RANGE L-5 MULTI=-PURPOSE MACHINE GUN RANGE
F-1 FIELD FIRING RANGE L-6 MINE WARFARE AND DEMOLITION AREA
F-2 FIELD FIRING RANGE M-6 INFILTRATION COURSE
F-3 FIELD FIRING RANGE M=7 LANDSCAPE RANGE
F-6 LIVE HAND GRENADE RANGE M-8 ASSAULT OF A FORTIFIED POSITION
F-7 .22 CALIBER RANGE, 1000 INCH RAN