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EXECUTIVE SUMMARY

The United States Army (Army) is performing preliminary assessments (PAs) and site inspections (Sls)
on the current or potential historical use of per- and polyfluoroalkyl substances (PFAS) with a focus on
perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), and perfluorobutanesulfonic acid
(PFBS), at Army installations (installations) nationwide. The PA identifies areas of potential interest
(AOPIs) where PFAS-containing materials were used, stored, and/or disposed, or areas where known or
suspected releases to the environment occurred. The Sl includes multi-media sampling at AOPIs to
determine whether or not a release has occurred. The Sl may conclude further investigation is warranted,
a removal action is required to address immediate threats, or no further action is required. This Fort
Stewart (FST) PA/SI was completed in accordance with the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA), National Oil and Hazardous Substances Pollution
Contingency Plan, and Army/Department of Defense (DoD) policy and guidance.

FST encompasses approximately 280,000 acres and is located north of Hinesville, Georgia,
approximately 40 miles southwest of Savannah, Georgia. The installation is the largest Army installation
east of the Mississippi River, spanning portions of Bryan, Evans, Liberty, Long and Tattnall counties and
can accommodate training for 50,000 Reserve Component soldiers annually. Tank, field artillery,
helicopter gunnery, and small arms ranges are used simultaneously throughout the year.

The FST PA identified 13 AOPIs for investigation during the SI phase. SI sampling results from the 13
AOPIs were compared to risk-based screening levels calculated by the Office of the Secretary of Defense
(OSD) for PFOS, PFOA, and PFBS. PFOS, PFOA, and/or PFBS were detected in soil and/or
groundwater at 12 AOPIs; 9 of the 13 AOPIs had PFOS, PFOA, and/or PFBS present at concentrations
greater than the risk-based screening levels in samples collected. The FST PA/SI identified the need for
further study in a CERCLA remedial investigation. Table ES-1 below summarizes the PA/SI sampling
results and provides recommendations for further study in a remedial investigation or no action at this
time at each AOPI.

Table ES-1. Summary of AOPIs Identified during the PA, PFOS, PFOA, and PFBS Sampling at FST and
Recommendations

PFOS, PFOA, and/or PFBS
detected greater than OSD Risk
Screening Levels?

AOPI Name (Yes/No/ND/NS) Recommendation

Fire Station 01 No ND NS No action at this time

Fire Station 03 Yes Yes NS Further study in a remedial investigation

Current AFFF Storage Yes No NS Further study in a remedial investigation

Fire Station 05 Yes No NS Further study in a remedial investigation

guarterly Crash Dirill Yes Yes NS Further study in a remedial investigation
rea

ES-1
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PFOS, PFOA, and/or PFBS
detected greater than OSD Risk
Screening Levels?

AOPI Name (Yes/No/NDINS) Recommendation

Taxiway E Yes No NS Further study in a remedial investigation

Wright Army Airfield Yes No NS Further study in a remedial investigation

FTA (FST-013)

33R Approach Yes ND NS Further study in a remedial investigation

Former AFFF Storage Yes ND NS Further study in a remedial investigation

Post South Central ND NS NS No action at this time

Landfill

Vehicle Fire 01 No ND NS No action at this time

Vehicle Fire 02 No ND ND No action at this time

Building 1838 Yes No NS Further study in a remedial investigation
Notes:

Light gray shading — detection greater than the OSD risk screening level
GW — groundwater

ND — non-detect

NS — not sampled

SO - soll

SW — surface water

ES-2
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1 INTRODUCTION

The United States (U.S.) Army (Army) is performing preliminary assessments (PAs) and site inspections
(Sls) on the current or potential historical use of per- and polyfluoroalkyl substances (PFAS) with a focus
on perfluorooctane sulfonate (PFOS), perfluorooctanoic acid (PFOA), and perfluorobutanesulfonic acid
(PFBS), at Army installations (installations) nationwide. The Army is the lead agency under the
Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and
Executive Order 12580 and is conducting the PA/SI consistent with its authority under CERCLA, 42
United States Code §§ 9600, et seq. (as amended), and the Defense Environmental Restoration
Program, 10 United States Code §§ 2701, et seq. The PFAS PA/SI included two distinct efforts. The PA
identified locations that are areas of potential interest (AOPIs) at Fort Stewart (FST) based on the use,
storage and/or disposal of PFAS-containing materials, in accordance with the 2018 Army Guidance for
Addressing Releases of Per-and Polyfluoroalkyl Substances (Army 2018). The Sl included multi-media
sampling at AOPIs to determine whether or not a release has occurred, and the PFOS, PFOA, and PFBS
results were compared to the Office of the Secretary of Defense (OSD) PFOS, PFOA, and PFBS risk
screening levels to determine whether further investigation is warranted. This report provides the PA/SI
for FST and was completed in accordance with CERCLA and The National Oil and Hazardous
Substances Pollution Contingency Plan.

1.1 Project Background

PFAS are a class of compounds that have been used in a wide range of industrial applications and
commercial products due to their unique surface tension/leveling properties. Due to industry and
regulatory concerns about the potential health effects and adverse environmental impacts, there has
been a reduction in the manufacture and use of PFAS worldwide. In the U.S., significant reductions in the
production, importation, and use of PFOS and PFOA (two individual compounds in the PFAS class)
occurred between 2001 and 2015 (Interstate Technology Regulatory Council 2017). PFBS replaced
PFOS in some applications and is currently used and manufactured in the U.S.

In 2016, the United States Environmental Protection Agency (USEPA) established a lifetime health
advisory of 70 nanograms per liter (ng/L) in drinking water for PFOS or PFOA and for the sum of PFOS
and PFOA when both are present (USEPA 2016). On 15 October 2019, the OSD provided guidance on
the investigation of PFOS, PFOA, and PFBS at Department of Defense (DoD) restoration sites (OSD
2019). The DoD guidance provides risk screening levels for PFOS, PFOA, and PFBS in tap water or saill,
calculated using the USEPA’s Regional Screening Level (RSL) calculator for residential and
industrial/commercial worker receptor scenarios. Following the issuance of the 2019 OSD memo, on 08
April 2021, USEPA published an updated toxicity assessment for PFBS (USEPA 2021). Based on the
updated toxicity assessment for PFBS, the OSD issued a memorandum on 15 September 2021 to include
updated PFBS risk screening levels (OSD 2021). The September 2021 Memorandum: Investigating Per-
and Polyfluoroalkyl Substances within the Department of Defense Cleanup Program is provided for
reference as Appendix A. The OSD risk screening levels for tap water (also used to evaluate
groundwater or surface water used as drinking water sources) are 40 ng/L for PFOS and PFOA, and 600
ng/L for PFBS. The PFOS and PFOA soil screening levels for the residential and industrial/commercial
scenarios are 0.13 milligrams per kilogram (mg/kg) (residential) and 1.6 mg/kg (industrial/commercial).
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The soil screening levels for PFBS are 1.9 mg/kg (residential) and 25 mg/kg (industrial/commercial).
These screening criteria are discussed further in Section 6.5.

1.2 PAJ/SI Objectives

This PA/SI was conducted consecutively because the results of the PA yielded AOPIs that necessitated
continuing onto the Sl phase in accordance with CERCLA. Consequently, this report provides the
combined objectives of both PA and Sl reports.

1.2.1 PA Objectives

During the PA, investigators collect readily available information and conduct site reconnaissance. This
PA will evaluate and document areas where PFAS-containing materials were used, stored, and/or
disposed, so the Army can distinguish between sites that pose little or no threat to human health and the
environment and sites that require further investigation.

1.2.2 Sl Objectives

An Sl is conducted when the PA determines an AOPI exists based on probable use, storage, and/or
disposal of PFAS-containing materials. The Sl includes multi-media sampling at AOPIs to determine
whether or not a release has occurred. The Sl may conclude further investigation is warranted, a removal
action is required to address immediate threats, or no further action is required.

Installation-specific data quality objectives (DQOs) and the sampling design and rationale are
summarized in Sections 6.1 and 6.2.

1.3 PA/SI Process Description

For FST, PA/SI development followed the process as described below. Section 3 provides a summary of
the PA activities completed, and Section 6 provides a summary of the Sl activities completed for FST.
The PA and Sl processes are documented in the PA/SI Quality Control Checklist included as Appendix
B.

1.3.1 Preliminary Assessment Pre-Site Visit

First, an installation kickoff teleconference was held between applicable points of contact (POCs) from
United States Army Environmental Command (USAEC), United States Army Corps of Engineers
(USACE), FST, and Arcadis U.S., Inc. (Arcadis). The kickoff call occurred on 08 August 2018, 7 weeks
before the site visit, to discuss the goals and scope of the PA, project scheduling, installation access,
timeline for the site visit, access to installation-specific databases, and to request available records.

Records review was conducted before the site visit to obtain electronically available documents from the
installation and external sources for review. The purpose of the records research was to identify any area
on the installation that may have been a location where PFAS-containing materials were used, stored,
and/or disposed, as well as to gather information on the physical setting and site history at FST.
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A read-ahead package was prepared and submitted to the appropriate POCs 2 weeks before the site
visit. The read-ahead package contains the following information:

e The Installation Management Command (IMCOM) operation order

e The Army PA Operations Security requirements package, which includes the antiterrorism/operations
security review cover sheet (Appendix C)

e The PFAS PA kickoff call minutes

e An information paper on the PA portion of the Army’s PFAS PA/SI
e Contact information for key POCs

o Alist of the data sources requested and reviewed

e Alist of preliminary locations identified during the kickoff call and pre-site visit records review to be
evaluated for use, storage, and/or disposal of PFAS-containing materials, where additional
information on those areas will be collected through personnel interviews, additional document
review, and site reconnaissance.

o Alist of roles for the installation POC to consider when recommending potential interviewees.

1.3.2 Preliminary Assessment Site Visit

The site visit was conducted on 24 to 26 September 2018. An in-brief meeting was held to provide
installation staff with the objectives of the site visit and team introductions. Section 3 includes information
regarding personnel interviewed.

Personnel interviews were conducted with individuals having significant historical knowledge at FST. The
interviews focused on confirming information discussed in historical documents, collecting information
that may have not been in historical documents, corroborating other interviewees’ information.

Site reconnaissance included visual surveys that assessed the points of potential use, storage, and/or
disposal of PFAS-containing materials, as well as potential secondary impacts, and the migration
potential from each AOPI (e.g., stormwater drains, building drains and sumps, cracks in the
floor/pavement). Physical attributes of the preliminary locations were documented, including local slope
and ground and floor conditions (i.e., paved, or unpaved, visual staining), surface water bodies and
surface flow, potential receptors, and the distance to the installation boundary. Access to existing
groundwater monitoring wells, if present, was also noted during the site reconnaissance in case the
monitoring wells could be proposed for S| sampling. Access limitations or advantages related to potential
future sampling activities were noted.

An exit briefing was offered to installation personnel at the conclusion of the site visit to raise any items
identified during the site visit, discuss any follow-up items, and review the schedule for submitting
deliverables. The exit briefing was conducted on 26 September 2018 with the installation, USAEC, and
USACE to discuss preliminary findings of the PA site visit.



PRELIMINARY ASSESSMENT/SITE INSPECTION OF PFAS AT FORT STEWART, GEORGIA

1.3.3 Preliminary Assessment Post-Site Visit

Information collected before, during, and after the site visit was reviewed and corroborated by cross-
referencing records and reviewing interview details and observations noted during site visit
reconnaissance. A site visit trip report was completed and provided to the installation POC, applicable
USAEC POCs, and USACE regional POCs following the site visit. The information collected during the
pre-site visit and site visit activities was compiled to develop the installation-specific PA portion of the
PA/SI report (Section 3). Site data obtained during the PA were used to develop preliminary conceptual
site models (CSMs) for each AOPI, which serve as the basis for developing the Sl scope of work
presented in an installation-specific Quality Assurance Project Plan (QAPP) Addendum.

1.3.4 Site Inspection Planning and Field Work

The Sl process was initiated at the installation to evaluate PFOS, PFOA, and PFBS presence or absence
at each AOPI and determine whether further investigation is warranted. First, an Sl kickoff teleconference
was held between the Army PA team and FST.

The objectives of the Sl kickoff teleconference were to:

e discuss the AOPIs selected for sampling and the proposed sampling plan for each AOPI
e gauge regulatory involvement requirements or preferences

¢ identify overlapping unexploded ordnance (UXO) or cultural resource areas

¢ confirm the plan for investigation-derived waste (IDW) handling and disposal

e identify specific installation access requirements and potential schedule conflicts

o discuss general Sl deliverable and field work schedule information and logistics

Following development of the S| sampling technical approach, an Sl scoping teleconference was held to
obtain concurrence on the Sl sampling plan from USAEC, USACE, and the installation. Additional
discussion topics included:

e confirm regulatory involvement requirements or preferences

e confirm overlapping unexploded ordnance or cultural resources areas

e confirm specific installation access requirements and proposed schedule
e provide an updated Sl deliverable and field work schedule.

A Programmatic Uniform Federal Policy-Quality Assurance Project Plan (PQAPP) was developed and
finalized in October 2019 for the USAEC PFAS PA/SI (Arcadis 2019). The PQAPP details general
planning processes for collecting data and describes the implementation of quality assurance (QA) and
quality control (QC) activities for the Sl portion for Army installations nationwide. Additionally, an
installation-specific QAPP Addendum was developed to define the DQOs, present the sampling design
and rationale, and provide qualifications for project personnel. The Sl field work was completed in
accordance with the PQAPP (Arcadis 2019) and the approved installation-specific QAPP Addendum. A
Site Safety and Health Plan (SSHP) was also developed as an attachment to the QAPP Addendum to
identify specific health and safety hazards that may be encountered at the installation during sampling.
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The SSHP was designed to supplement the Accident Prevention Plan (Arcadis 2018), which was
developed for Army installations nationwide. The QAPP Addendum and SSHP were submitted to the
installation and finalized before commencement of field work.

The DQOs, sampling design and rationale, and field methods employed for the SI are summarized from
the QAPP Addendum developed for FST (Arcadis 2020a) in Sections 6.1 through 6.3.

After finalization of the QAPP Addendum and SSHP, field planning and coordination with the installation
and subcontractors was completed. Once the schedule was determined, field teams mobilized to the
installation to complete the scope of work defined in the QAPP Addendum.

1.3.5 Data Analysis, Validation, and Reporting

Environmental samples collected during the SI were submitted to a laboratory which is DoD
Environmental Laboratory Accreditation Program (ELAP)-accredited for PFOS, PFOA, and PFBS analysis
by liquid chromatography with tandem mass spectrometry and compliant with the DoD Quality Systems
Manual (QSM) 5.3 (DoD and Department of Energy 2019). Laboratory analytical results were then
validated and verified by a project chemist to assess the usability of the data collected. Validated
analytical results were summarized in the context of OSD risk screening levels (defined in Section 6.5).
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2 INSTALLATION OVERVIEW

The following subsections provide general information about FST, including the location and layout, the
installation mission(s) over time, a brief site history, current and projected land use, climate, topography,
geology, hydrogeology, surface water hydrology, potable wells within a 5-mile radius of the installation,
and applicable ecological receptors.

2.1 Site Location

FST encompasses approximately 280,000 acres and is located north of Hinesville, Georgia,
approximately 40 miles southwest of Savannah, Georgia (Figure 2-1). FST is the largest Army installation
east of the Mississippi River, spanning portions of Bryan, Evans, Liberty, Long and Tattnall counties and
can accommodate training for 50,000 Reserve Component soldiers annually. Tank, field artillery,
helicopter gunnery, and small arms ranges are used simultaneously throughout the year. FST’s proximity
to the Port of Savannah and the runway at Hunter Army Airfield (HAAF) help make FST/HAAF the Army’s
premier heavy, rapid force point of deployment. Figure 2-2 depicts the layout of the installation.

2.2 Mission and Brief Site History

FST traces its history to Camp Stewart, which was established in 1940 after Congress authorized funding
for the purchase of property in coastal Georgia for the purpose of building an anti-aircraft artillery training
center. On 01 July 1940, the first 5,000 acres were purchased, and additional land purchases followed.
The large expanse of property was required for the firing ranges and impact areas that an anti-aircraft
artillery training center required for live-fire training (IRP 1993).

FST is currently responsible for the combat training of the equivalent of two heavy divisions of the Army.
This training includes soldiers stationed at FST, across Georgia, and at other locations of the
southeastern U.S. The primary mission of FST is to support and assist in training the 3rd Infantry Division
(Mechanized). It is also responsible for supporting non-divisional units’ training for their respective combat
roles. In addition, FST has an area mission to provide support and services to other agencies, Reserve
forces, and installations within the prescribed area of responsibility (IRP 1993).

The 3rd Infantry Division (Mechanized) is the Army’s first modular division with the following major units:
1st, 2nd, and 4th Heavy Brigade Combat Teams, 3rd Sustainment Brigade, 3rd Combat Aviation Brigade,
385th Military Police Battalion, and the Special Troops Battalion. U.S. Army Special Operations
Command has two battalions at HAAF that train at FST, the 1-75th Ranger Battalion and the 3-160th
Special Operations Aviation Regiment. The 3rd Heavy Brigade Combat Team operates out of Fort
Benning, Georgia, but often trains at FST (IRP 1993).

A majority of FST is designated as operational range area, with 274 ranges listed in the September 2005
version of the Army Range Inventory Database Geo-database. The perimeter of the installation is mainly
non-firing maneuver and training ranges. The active ranges deeper within the installation currently
provide (and historically have provided) the space necessary for live-fire impact areas from tank and anti-
aircraft artillery. Surrounding the impact areas are live-fire ranges designated for either small or large
caliber military munitions (IRP 1993).
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2.3 Current and Projected Land Use

FST encompasses approximately 280,000 acres and currently has 255 operational ranges. Military
munitions related activities occur at 110 of the 255 ranges, and these 110 ranges encompass 14,592
acres. Areas not currently associated with military munitions related activities include the cantonment
area (7,105 acres), which is situated centrally on the southern boundary, six historical ranges identified in
the Army Range Inventory Database Geo-database (1,628 acres), and 145 operational ranges (263,592
acres) utilized as maneuver/training areas. Ranges identified as training/maneuver areas have been
limited to no military munitions related activities; these include observation points, aviation facilities, and
Soldier fieldcraft training sites. Historical range outline maps from 1941 through 2021 show that 218,224
acres of the installation were utilized historically for military munitions related activities, including firing
fans and impact areas.

The mission of the FST complex is to sustain a quality of life and installation support at the level
necessary for division, non-divisional, tenant and reserve component units to accomplish their training
mission (Malcom Pirnie 2006).

Projected land use is anticipated to remain consistent with current land use.

2.4 Climate

FST has a humid, subtropical climate, with long, warm, humid summers and short, mild winters.
Temperatures range from an average of 80 degrees Fahrenheit (°F) in July to 50°F in December, with an
annual average of 70°F. Average annual precipitation is 50 inches, with approximately half falling from
June through September. The wettest month is July, with an average rainfall of 7.6 inches, and the driest
is November, with an average rainfall of 1.6 inches (U.S. Climate Data 2021). Under normal conditions,
wind speed rarely exceeds 6 miles per hour; however, thunderstorms, hurricanes and tropical storms,
occurring most frequently from May through September, can produce gusty surface winds of over 29
miles per hour from the northwest (Malcolm Pirnie 2006).

2.5 Topography

FST is located in the Lower Georgia Coastal Plain physiographic province, a segment of the Atlantic
Coastal Plain of eastern North America. The general topography of this province is flat to gently rolling
with relatively low elevations that decrease gradually to sea level at the Atlantic Ocean. The topography is
marked by the presence of numerous marine terraces, many of which consist of low elongated ridges that
parallel the coastline. These low ridges generally are separated by wide swampy valleys. FST rises from
near sea level in the eastern portion of the installation to 183 feet above mean sea level along its western
border (Figure 2-3). Most of the land is less than 33 feet above mean sea level with slopes of less than 3
percent (%) (The Nature Conservancy 1995).

2.6 Geology

FST is located in the Lower Coastal Plain physiographic province and is underlain by a moderately thick
wedge of unconsolidated and semi-consolidated sediments that overlie carbonate rocks (limestone and
dolostone of Eocene to Oligocene age) at varying depths that dip to the southeast (Cramer and Arden
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1980). These sediments consist of a sandy surface layer over subsoil that may be sandy, clayey, loamy,
or a combination thereof. These sediments range from approximately 50 to 180 feet thick, with low to
moderate permeability (Malcolm Pirnie 2006).

2.7 Hydrogeology

There are three distinct aquifer systems in the FST region that include the surficial, the Brunswick, and
the Floridan aquifer systems. The surficial aquifer consists of Miocene to post Miocene age deposits of
sand, silt and clay, ranging in thicknesses from 155 to 230 feet. The Brunswick aquifer is further divided
into the upper and lower Brunswick aquifers and consists of Miocene to Oligiocene-aged fine to coarse
sand, silt and clay. These deposits extend between 375 and 445 feet below ground surface (bgs).
Beneath the Brunswick aquifer is the Floridan aquifer system, which is considered the principal source of
all water uses in the coastal area. The Floridan aquifer serves as the primary source of large groundwater
withdrawals in the coastal area. This system consists of deep sequences of limestone and dolomite of the
Eocene to Oligocene age. The Floridan aquifer is derived from the Oligocene series of sandy, phosphatic
limestone and is underlain by the Ocala Limestone of the Eocene age (U.S. Army Toxic and Hazardous
Materials Agency 1983).

According to regional aquifer and groundwater flow studies conducted by the United States Geological
Survey in the Coastal Plain area (Clarke 2004), the Floridan aquifer system is under artesian conditions
and is separated from the two shallow aquifer systems by confining units consisting of silty clay and
dense phosphatic dolomite. These confining units occur beneath the surficial aquifer and beneath the
Brunswick aquifer. Reported vertical hydraulic conductivities of the confining unit separating the surficial
aquifer and the Brunswick aquifer range from 5.3x10-5 to 1.3x10 feet/day. The hydraulic conductivities
for the confining unit separating the Brunswick and Floridan aquifer range between 2.3x10-3 and 3.0
feet/day. Recharge for the Floridan aquifer system is an area 60 - 100 miles northwest of Savannah. The
directional flow of the surficial aquifer is believed to follow the flow patterns of the surface water. The
surface aquifer is recharged directly from rainfall percolating through sediments. During dry months, the
base flow of streams and rivers of the coastal area is maintained by discharge from the surface aquifer
(U.S. Army Toxic and Hazardous Materials Agency 1983).

2.8 Surface Water Hydrology

Approximately 90,000 acres of the installation consist of designated wetlands, most of which are
associated with surface streams, rivers, and ponds. FST has many surface water resources, including
rivers, streams, ponds, and lakes that spread over four watershed regions (Altamaha River, Canoochee
River, Ogeechee River and the Laurel View River watersheds). A majority of the installation is located
within the watershed of the Canoochee River. The Canoochee River flows primarily west to east centrally
through FST to its confluence with the Ogeechee River. The Ogeechee River forms part of the
northeastern border of FST and is an identified recreational resource, with a boat ramp listed at Morgans
Bridge at this northeastern boundary. Although most of the installation is drained by the Canoochee River
Watershed, part of the northeast quadrant drains directly into the Ogeechee River. The southwest
quadrant is drained by Beards Creek, which is part of the Altamaha River Watershed. The southeast
quadrant drains into the Laurel View River, with Peacock Creek, Raccoon Branch, and the Jerico River
leaving the installation as the headwaters of this system. Two sub-watersheds have also been identified



PRELIMINARY ASSESSMENT/SITE INSPECTION OF PFAS AT FORT STEWART, GEORGIA

on FST. These sub-watersheds are associated with the Canoochee River and Ogeechee River
watershed systems; however, they are physically separated from the main watershed systems on FST.
Off installation, these sub-watershed systems join the main watershed systems. The four watershed
regions of the Altamaha, Canoochee, Laurel View and Ogeechee rivers, along with two sub-watersheds
associated with the Canoochee River and Ogeechee River watersheds, form the regions of surface water
movement off installation (U.S. Army Toxic and Hazardous Materials Agency 1983).

2.9 Relevant Utility Infrastructure

The following subsections provide general information regarding the installation’s stormwater and
wastewater management systems, as well as information on how the utility infrastructures may influence
the fate and transport of PFAS constituents at FST.

2.9.1 Stormwater Management System Description

Stormwater runoff at FST drains through an extensive network of surface and subsurface conduits and
culverts. The principal drainage channels flowing through improved grounds on the installation eventually
discharge to the Ogeechee River.

2.9.2 Sewer System Description

The former wastewater treatment plant (WWTP) at FST operated from the 1940s until approximately
1984, when it was replaced by the current Hinesville/FST WWTP, which was built in close proximity to the
footprint of the former WWTP. The Hinesville/FST WWTP receives sewage from the installation, including
fire stations which may have PFAS-impacted waters. Sludge from the former FST WWTP was dewatered
at the old sludge drying bed location (FST-09). The sludge drying beds were reportedly removed and
backfilled in 1989. Since 1991, all biosolids from the current Hinesville/FST WWTP have been disposed
of at Waste Management’s Superior Landfill site in Savannah, Georgia.

2.10Potable Water Supply and Drinking Water Receptors

FST maintains its own potable water distribution system. There are 19 water supply wells located within
the installation boundary. These wells draw water from the Floridan aquifer. One well is considered
inactive or closed, and one well produces non-potable water. The remaining 17 wells are used to supply
water to the installation. The locations of on-site drinking water wells are shown on Figure 2-2; well
construction details are provided in Appendix E.

An Environmental Data Resources, Inc. (EDR) report includes search results from a variety of
environmental, state, city, and other publicly available databases for a referenced property. An EDR
report was generated for FST, which along with state and county GIS provided by the installation
identified several off-post public and private wells within 5 miles of the installation boundary (Figure 2-4).
Surrounding off-post water supply wells downgradient of FST are known to be screened in the deeper
Floridian Aquifer. The EDR report providing well search results is provided as Appendix F.
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2.11Ecological Receptors

The PA team collected information regarding ecological receptors that was available in the installation
documents. The following information is provided for future reference should the Army decide to evaluate
exposure pathways relevant to the ecological receptors.

FST harbors many federally and state listed threatened, endangered, or species of special concern.
Based on their risk of extinction or decline,17 wildlife species and nine plant species that occur or may
occur at FST have been designated a special status at the federal and/or state level (United States Fish
and Wildlife Service 2019).

According to the installation’s Directorate of Public Works, Environmental and Natural Resources
Division, seven federally listed threatened or endangered species are known to occur on FST: the smooth
coneflower (Echinacea laevigata), the eastern indigo snake (Drymarchon coralis couperi), flatwoods
salamander (Ambystoma cingulatum), wood stork (Mycteria Americana), red cockaded woodpecker
(Picoides borealis) and the shortnose sturgeon (Acipenser brevirostrum).

The eastern indigo snake, federally listed as threatened, is uncommon and locally distributed on the
installation. The majority of eastern indigo snake observations at FST have been at gopher tortoise
burrows in sandhills. The installation’s four known eastern indigo snake populations are associated with
sandhills along the Canoochee River, Ogeechee River, and Beards Creek.

The frosted flatwoods salamander, federally listed as threatened, has widespread habitat on the
installation and includes many areas that are not heavily used or impacted by mechanized training
activities, namely isolated wetlands.

The wood stork, federally listed as threatened, is not known to nest on FST. The wood stork is known to
occasionally forage in the wetlands present on FST. The eastern black rail (Laterallus jamaicensis
Jjamaicensis) was federally listed as threatened in 2020, but this secretive bird has never been detected
on FST. There is a small chance it could occur in longleaf flatwoods during migration.

The occurrence of the red cockaded woodpecker, federally listed as endangered, is habitat specific.
There are 636 sites identified as red cockaded woodpecker clusters on FST.

The shortnose and Atlantic sturgeons, federally listed as endangered, have been seen off installation
south of the confluence of the Canoochee and Ogeechee rivers. Adverse impacts on the species have
not been noted. The smooth coneflower, federally listed as endangered, occurs in a small 0.10-acre patch
in the northwestern part of FST (United States Fish and Wildlife Service 2019).

2.12 Previous PFAS Investigations

In 2014, under the third Unregulated Contaminant Monitoring Rule, samples were collected from three
public water sources (PWS) within 5-miles of FST: drinking water wells within the FST installation
boundary, Hinesville PWS, and Pooler PWS. Samples were analyzed for various parameters, including
PFOS and PFOA, using USEPA Method 537. PFOS and PFOA were not detected. Additionally, the Army
performed PFAS sampling in February 2014 and August 2014 at Main FST Well #3 and Main FST Well
#5; PFOS and PFOA were not detected (IMCOM 2018).
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In June 2016, the Army issued a guidance publication for PFAS contamination assessments (Army 2018).
In response to the third Unregulated Contaminant Monitoring Rule (UCMR3), and IMCOM Operations
Order 16-088, FST began initial PFAS sampling in 2016 at public water supply wells. The laboratory
which analyzed samples under UCMR3 met the USEPA’'s UCMRS3 Laboratory Approval Program
application and Proficiency Testing criteria for USEPA Method 537 Version 1.1. The Army performed
PFAS sampling in September 2016 at 16 wells within the FST boundary; PFOS, PFOA and PFBS were
not detected (IMCOM 2018). The Army performed a similar water supply well PFAS sampling event in
November 2019 and PFOS and PFOA were not detected (Fort Stewart. 2020).
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3 SUMMARY OF PA ACTIVITIES

To document areas where any potential current and/or historical PFAS-containing materials were used,
stored and/or disposed at FST, data was collected from three principal sources of information and are
described in the subsections below:

1. Records review
2. Personnel interviews
3. Site reconnaissance

Preliminary locations of potential use, storage, and/or disposal of PFAS-containing materials were then
evaluated in the PA (during records review, personnel interviews, and/or site reconnaissance) and were
categorized as AOPIs or as areas not retained for further investigation at this time based on a
combination of information collected (e.g., records reviewed, personnel interview, internet searches). A
summary of the observations made, and data collected through records reviews (Appendix G),
installation personnel interviews (Appendix H), and site reconnaissance (Appendix I) during the PA
process for FST is presented in Section 4. Further discussion regarding rationale for not retaining areas
for further investigation is presented in Section 5.1, and further discussion regarding categorizing areas
as AOPIs is presented in Section 5.2.

3.1 Records Review

The records reviewed for this PA included, but were not limited to, various Installation Restoration
Program (IRP) administrative record documents, compliance documents, FST fire department
documents, FST directorate of public works documents, and GIS files. Internet searches were also
conducted to identify publicly available and other relevant information. A list of the specific documents
reviewed for FST is provided in Appendix G.

3.2 Personnel Interviews

Interviews were conducted during the site visit. If a previously identified interviewee was not available
during the site visit, attempts were made to complete the interview via telephone before or following the
site visit or by contacting an alternate interviewee identified by the installation POC.

The list of roles for the installation personnel interviewed during the PA process for FST is presented
below (affiliation is with FST unless otherwise noted).

e Aviation Managers

e Environmental Restoration Section Leader

e Infrastructure Section Team Leader

e RCRA Program Manager and Environmental Spill Response POC
e Prevention and Compliance Branch Chief

o Wastewater Program Support
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Stormwater Program Support

Water Program Manager

Hangar Operation and Maintenance Department Personnel
Facility Operations Branch Chief

Fire Chief

Assistant Fire Chief

Captain

Fire Inspector

Environmental Specialists

Pesticide Manager

The compiled interview logs are provided in Appendix H.

3.3 Site Reconnaissance

Site reconnaissance and visual surveys were conducted at the preliminary locations identified at FST
during the records review process, the installation in-brief meeting, and/or during the installation
personnel interviews. The site reconnaissance logs are provided in Appendix I.

Access to existing groundwater monitoring wells, if present, was also noted during the site
reconnaissance in case the monitoring wells could be proposed for SI sampling.
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4 POTENTIAL PFAS USE, STORAGE, AND/OR DISPOSAL
AREAS

FST was evaluated for all potential current and historical use, storage, and/or disposal of PFAS-
containing materials. There are a variety of PFAS-containing materials used in relation to current and
historical Army operations. However, the use, storage, and/or disposal of aqueous film-forming foam
(AFFF) is the most prevalent potential source of PFAS chemicals at DoD facilities. As such, this section is
organized to summarize the AFFF-related uses first, and all remaining potential PFAS-containing
materials in the subsequent section.

4.1 AFFF Use, Storage, and Disposal Areas

AFFF was developed in the mid-1960s in response to a need for firefighting foams better suited to
extinguish Class B, fuel-based fires. AFFF formulations consist of water, an organic solvent, up to 5%
hydrocarbon surfactants, and 1 to 3% PFAS (Interstate Technology Regulatory Council 2020). AFFF
concentrate is designed to be diluted with water to become a 1, 3, or 6% foam. AFFF releases at DoD
facilities may have occurred during firefighter training, emergency response actions, equipment testing, or
accidental releases. The military still primarily uses AFFF for Class B fires; however, the current
formulations of AFFF contain significantly lower amounts of PFOS, PFOA, and their precursors, and
significant operational changes have been implemented to restrict uncontrolled releases and non-
essential use of PFAS-containing foams. Army installations may still house AFFF, commonly stored in
closed containers (e.g., 55-gallon drums, 5-gallon buckets), within designated storage buildings or at
firehouses.

AFFF was historically stored in 55-gallon and 5-gallon containers in an enclosed concrete building
formerly located in the Building 7805 Area; the building was demolished in approximately 2003. Since the
building was demolished, AFFF has been stored in an enclosed shed adjacent to Fire Station 03. The
Army PA Team noted twenty-five 5-gallon containers of Chemguard 3% AFFF, fourteen 55-gallon
containers of Buckeye 3% AFFF, and thirteen 5-gallon containers of high expansion foam in the current
AFFF storage area, though these containers may have been empty or partially full. Additionally, AFFF
was stored historically and currently in two tactical fire-fighting trucks in Building 1838, and in various fire
trucks and/or crash trucks at Fire Station 01, Fire Station 03, and Fire Station 05. Findings from personnel
interviews, site reconnaissance, and document research indicate the use of AFFF at FST has been
primarily associated with FST fire department operations (Fire Station 01, Fire Station 3, Fire Station 05,
Current AFFF Storage, Former AFFF Storage, Building 1838), including equipment testing and firefighter
training (Wright Army Airfield (WAAF) FTA, Quarterly Crash Drill Area, Taxiway E, 33R Approach), and
fire responses (Vehicle Fire 01, Vehicle Fire 02).

Documents provided by the Army indicate that 630 gallons of AFFF remain on hand at FST. Available
safety data sheets and AFFF inventory sheets collected during the site visit are included in Appendix I.

4.2 Other PFAS Use, Storage, and/or Disposal Areas

Following document research, personnel interviews, and site reconnaissance at FST, other potential
source types of PFAS constituents, such as metal plating facilities, WWTPs, landfills, storage
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warehouses, pesticide use, prescribed burn areas, automobile maintenance shops, photo- and/or X-ray-
processing facilities, laundry/water-proofing facilities, car washes, stormwater or sanitary sewer
components, or areas where remediated soil was applied, were evaluated if present as preliminary
locations for use, storage, and/or disposal of PFAS-containing materials.

During a telephonic interview with the IMCOM Pest Management Consultant, it was noted that products
containing Sulfluramid (i.e., associated with insecticides) may have contained PFAS and were phased out
in 1996. The USAEC Pest Management Consultant has records of pesticides used and stored at IMCOM
installations, including FST, and did not identify FST as an installation having used or stored PFAS-
containing pesticides/insecticides. Additionally, the PA team reviewed available pesticide use inventory
documentation provided by the installation and did not identify PFAS-containing pesticides use, storage,
or disposal.

Following document research, personnel interviews, and site reconnaissance at FST, one potential PFAS
source type area was identified at the Post South Central Landfill. Other potential PFAS use, storage, or
disposal types were either not identified at the installation or did not prompt further research or constitute
categorization as AOPIs.

Specific discussion regarding areas not retained for further investigation is presented in Section 5.1 and
specific discussion regarding areas retained as AOPIs is presented in Section 5.2.

4.3 Readily Identifiable Off-Post PFAS Sources

An exhaustive search to identify all potential off-post PFAS sources (i.e., not related to operations at FST)
is not part of the PA/SI. However, potential off-post PFAS sources within a 5-mile radius of the installation
that were identified during the records search and site visit are described below.

Two nearby civilian operations, Hinesville Fire Department and Hinesville Fire Station 2, could potentially
be off-post PFAS sources within a 5-mile radius of FST. Hinesville Fire Department is approximately 1
mile southeast of FST; based on the high connectivity of shallow groundwater to surface water features in
the region, the facility is downstream and downgradient of the installation. Hinesville Fire Station 2 is
approximately 3 miles south of FST; based on the high connectivity of shallow groundwater to surface
water features in the region, the facility may be upgradient of the installation since surface water runoff
likely flows to Horse Creek and its tributaries. It is not known if these facilities currently or have historically
used PFAS-containing Class B AFFF.
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5 SUMMARY AND DISCUSSION OF PA RESULTS

The preliminary locations evaluated for potential use, storage, and/or disposal of PFAS-containing
materials at FST were further refined during the PA process and identified either as an area not retained
for further investigation or as an AOPI. In accordance with the established process for the PA/SI, 13
areas have been identified as AOPIs. The process used for refining these areas is presented on Figure
5-1, below.

Figure 5-1: AOPI Decision Flowchart

The areas not retained for further investigation are presented in Section 5.1. The areas retained as
AOPIs are presented in Section 5.2.

Data limitations for this PA/SI at FST are presented in Section 9.

5.1 Areas Not Retained for Further Investigation

Through the evaluation of information obtained during records review, personnel interviews, and/or site
reconnaissance, the areas described below were categorized as areas not retained for further
investigation at this time.

A brief site history and rationale for areas not retained for further investigation are presented in Table 5-1,
below.

16
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Table 5-1. Installation Areas Not Retained for Further Investigation

Area Description Dates of Operation Relevant Site History

Bridge Fire Location

27 March 2018

Approximately 30 gallons
of high expansion foam
were used to extinguish
a bridge fire. Drainage
would flow to Taylors
Creek, a tributary of the
Canoochee River.

High expansion foam
(not PFAS-containing)
was utilized; therefore,
there is no evidence of
use, storage and/or
disposal of PFAS-
containing materials.

Old Sludge Drying Bed
Location (FST-019,
SWMU 19; 13305.1014)

1960s to 1985

Sludge from the
domestic sewage WWTP
was dewatered at this
site. These beds were
reportedly removed and
backfilled in 1989.

No evidence of PFAS-
containing materials
used, stored, and/or
disposed of at this
location.

5.2 AOPIs

Overviews for each AOPI identified during the PA process are presented in this section. Two of the
AOPIs overlap with FST IRP sites and/or Headquarters Army Environmental System sites (Figure 5-2).
The AOPI, overlapping IRP site identifier, Headquarters Army Environmental System number, and current
site status are discussed within each AOPI subsection presented below. At the time of this PA, none of
the FST IRP sites have historically been investigated or are currently being investigated for the possible

presence of PFAS.

The AOPI locations at FST are shown on Figure 5-2. Aerial photographs of each AOPI are presented on
Figures 5-3 through 5-13 and include active monitoring wells in the vicinity of each AOPI.

5.2.1 Fire Station 01

Fire Station 01 was identified as an AOPI following document research, personnel interviews, and site
reconnaissance due to historical storage of crash trucks and/or engines that contained AFFF. Operational
records documenting historical practices of nozzle testing, AFFF reservoir filling/servicing, training, and

other fire department practices are incomplete.

An aerial photograph of Fire Station 01 is provided on Figure 5-3. According to personnel interviews
(Appendix H), Fire Station 01 houses crash trucks and/or engines that contain small volumes of AFFF
(i.e., 20 to 50 gallons). Fire Station 01 is near Mill Creek and vegetated areas to the west and south.
Drainage at this AOPI is expected to follow Mill Creek to the southeast.

5.2.2 Fire Station 03 and Current AFFF Storage

Fire Station 03 and Current AFFF Storage were identified as AOPIs following document research,
personnel interviews, and site reconnaissance due to AFFF leaks and spills during historical routine

operations.
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An aerial photograph of Fire Station 03 and the Current AFFF Storage is provided on Figure 5-4. Based
on personnel interviews (Appendix H), a one-time AFFF leak (less than 5 gallons) occurred within the
station in 2018, and minor AFFF spills (less than 2 gallons) occurred during daily routine operational
checks conducted outside Station 03. There are no floor drains in Station 03. Liquids spilled within the
station would likely infiltrate to the ground beneath the structure through cracks in the concrete floor.
Liquids discharged outside the station or storage structure would seep to the subsurface and/or drain via
overland flow towards the airfield. On-Post Public Supply Wells 6a and 6b are proximate to the AOPI.

5.2.3 Fire Station 05

Fire Station 05 was identified as an AOPI following document research, personnel interviews, and site
reconnaissance due to historical storage of AFFF. However, no known leaks or releases were
documented to have occurred.

An aerial photograph of Fire Station 05 is provided on Figure 5-5. Fire Station 05 houses crash trucks
and/or engines that contain small volumes of AFFF (i.e., 20 to 50 gallons). Drainage at this AOPI is
expected to follow tributaries of Taylors Creek to the north-northwest.

5.2.4 Quarterly Crash Drill Exercise Area

The Quarterly Crash Drill Exercise Area was identified as an AOPI following document research,
personnel interviews, and site reconnaissance due to its history of AFFF usage to extinguish fuel fires.

An aerial photograph of Quarterly Crash Drill Exercise Area is provided on Figure 5-6. The Quarterly
Crash Drill Exercise Area is a fire training area (FTA) which was used for quarterly training involving
extinguishing fuel fires set to a mock aircraft using approximately 5 gallons (maximum) of AFFF per test
from 1990 to 2015, according to personnel interviews (Appendix H). Drainage would primarily seep to the
subsurface towards the airfield.

5.2.5 Taxiway E

Taxiway E was identified as an AOPI following document research, personnel interviews, and site
reconnaissance due to historical equipment testing utilizing AFFF.

An aerial photograph of Taxiway E is provided on Figure 5-6. According to personnel interviews
(Appendix H), Taxiway E was used to conduct the annual flow testing and proportioning for aircraft rescue
and firefighting apparatuses; approximately 50 gallons of foam were used each test. Some years, an
entire foam tank was emptied to replace the foam (approximately 200 gallons discharged). Drainage
would primarily seep to the subsurface towards the airfield.

5.2.6 Wright Army Airfield FTA (FST-013; SWMU 13; 13305.1010)

The WAAF FTA was identified as an AOPI following document research, personnel interviews, and site
reconnaissance due to its history of AFFF use to extinguish fuel fires. The area in which foam was used
to extinguish fires likely had historical drainage to stormwater channels leading to Peacock Creek. This
AOPI coincides with the IRP site FST-013 FTA at WAAF (SWMU 13).
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An aerial photograph of WAAF is provided on Figure 5-7. WAAF FTA is a former FTA used from 1982 to
1992 where foam (unknown type and volume) was used to extinguish fuel fires. Drainage likely flows to
stormwater channels located within the FTA footprint or seeps to the subsurface to the southeast.

5.2.7 33R Approach

The 33R — Approach area was identified as an AOPI following document research, personnel interviews,
and site reconnaissance due to historical storage and use of AFFF.

An aerial photograph of 33R Approach is provided on Figure 5-8. The 33R Approach was used for
weekly operation/function checks of turrets and foam system on the aircraft rescue and firefighting
apparatuses from approximately 1996 to 2010, according to personnel interviews. Approximately 1 to 5
gallons of foam were used per test. Drainage would primarily seep to the subsurface and follow tributaries
of Peacock Creek to the southeast.

5.2.8 Former AFFF Storage Area

The Former AFFF Storage Area was identified as an AOPI following document research, personnel
interviews, and site reconnaissance due to historical storage and spillage of AFFF.

An aerial photograph of Former AFFF Storage Area is provided on Figure 5-9. The Former AFFF Storage
Area AFFF drums were stored in a building which has been demolished. Minor AFFF spills reportedly
occurred during product transfer between containers and/or from damaged containers. No drainage
features were observed in this area; drainage in this area likely seeps to the subsurface and follows
tributaries of Peacock Creek to the southeast.

5.2.9 Post South Central Landfill (FST-001; SWMU1; 13305.1001)

The Post South Central Landfill was identified as an AOPI following document research, personnel
interviews, and site reconnaissance due to historical storage and disposal of sludge from HAAF that may
have contained PFAS-containing materials.

An aerial photograph of Post South Central Landfill is provided on Figure 5-10. Sludge from the HAAF
WWTP was historically disposed of at the Post South Central Landfill, which is located within the footprint
of FST. Beginning in 1991, biosolids were transported to Waste Management’s Superior Landfill for
disposal off-site.

5.2.10 Vehicle Fire 01

The Vehicle Fire 01 location was identified as an AOPI following notification from FST personnel after
AFFF was used to extinguish a vehicle fire involving a logging truck.

An aerial photograph of Vehicle Fire 01 is provided on Figure 5-11. Drainage would primarily seep to the
subsurface or into surface water channels around this AOPI.
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5.2.11 Vehicle Fire 02

The Vehicle Fire 02 location was identified as an AOPI following notification from FST personnel after
AFFF was used to extinguish a vehicle fire involving an M88 truck.

An aerial photograph of Vehicle Fire 02 is provided on Figure 5-12. Drainage would primarily seep to the

subsurface or into surface water channels around this AOPI.

5.2.12 Building 1838

Building 1838 was identified as an AOPI following document research, personnel interviews, and site
reconnaissance due to AFFF storage. Approximately 250 gallons of AFFF are stored on two non-
operational tactical firefighting trucks, the dates of relevant operations are unknown. Drainage at this
AOPI would primarily be captured via storm channels on post, since the building is located in an area
surrounded by developed buildings and concrete.

An aerial photograph of Building 1838 is provided on Figure 5-13.
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6 SUMMARY OF SI ACTIVITIES

Based on the results of the PA at FST, an Sl for PFOS, PFOA, and PFBS was conducted in accordance
with CERCLA. S| sampling was completed at FST at all 13 AOPIs to evaluate presence or absence of
PFOS, PFOA, and PFBS in comparison with the OSD risk screening levels. As such, an installation-
specific QAPP Addendum (Arcadis 2020a) was developed to supplement the general information
provided in the PQAPP (Arcadis 2019) and to detail the site-specific proposed scopes of work for the Sl.
A preliminary CSM was prepared for each of the installation’s AOPIs in accordance with the USACE
Engineer Manual on Conceptual Site Models, EM 200-1-12 (USACE 2012). The preliminary CSMs
identified potential human receptors and chemical exposure pathways based on current and/or
reasonably anticipated future land uses. The preliminary CSMs identified three soil, four groundwater,
and one surface water pathways as potentially complete which guided the SI sampling. The QAPP
Addendum details the sampling design and rationale based on each AOPI’s preliminary CSM. The Sl
scope of work was completed in October 2020 through the collection of field data and analytical samples.

The Sl field work was completed in accordance with the standard operating procedures (SOPs), technical
guidance instructions (TGls), sampling design, and QA/QC requirements as detailed in the QAPP
Addendum (Arcadis 2020a) and PQAPP (Arcadis 2019). The subsections below summarize the DQOs,
sampling design and rationale, sampling activities and methods, and data analyses procedures for the Si
phase at FST. Non-conformances to the prescribed procedures in the PQAPP and QAPP Addendum are
described in Section 6.3.3. Analytical results obtained through Sl field activities are summarized in
Section 7.

6.1 Data Quality Objectives

As identified during the DQO process and outlined in the site-specific QAPP Addendum (Arcadis 2020a),
the objective of the Sl is to identify whether there has been a release to the environment at the AOPIs

identified in the PA and to determine if further investigation is warranted. This Sl evaluated groundwater,
soil, and surface water for PFOS, PFOA, and PFBS presence or absence at each of the sampled AOPIs.

6.2 Sampling Design and Rationale

The rationale for sampling at each AOPI is illustrated on Figure 6-1 below.

Figure 6-1: AOPI Sampling Decision Tree
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The sampling design for S| sampling activities at FST is detailed in Worksheet #17 of the QAPP
Addendum (Arcadis 2020a). Briefly, a total of 15 soil samples were planned across the AOPIs at FST.
One shallow soil sample (0 to 2 feet bgs) was planned to be collected at Fire Station 01, Fire Station 03,
Current AFFF Storage, Former AFFF Storage Area, Fire Station 05, Vehicle Fire 01, Vehicle Fire 02,
Quarterly Crash Drill Area and Building 1838. Two shallow soil samples were planned to be collected at
33R Approach, Taxiway E and WAAF FTA (FST-013).

Additionally, 14 soil borings were planned to be advanced using a direct-push technology (DPT) drill rig
for the purpose of collecting a grab groundwater sample. One boring was proposed for each of ten AOPIs
at Fort Stewart: Fire Station 01, Fire Station 03, Current AFFF Storage, Fire Station 05, Vehicle Fire 01,
Vehicle Fire 02, Former AFFF Storage Area, Quarterly Crash Drill Area, WAAF FTA (FST-013), and
Building 1838. Two borings to groundwater were proposed at 33R Approach and Taxiway E.

A total of four groundwater samples were proposed from pre-existing monitoring wells, two at each of the
following AOPIs: Post South Central Landfill (FST-001) and WAAF FTA (FST-013). The sampling depths
at existing monitoring wells were at approximately the center of the saturated screened interval. Table 6-1
includes the monitoring well construction details for the wells sampled during the Sl (if available).

Finally, a surface water sample was proposed at each of two AOPIs: Vehicle Fire 01 and Vehicle Fire 02.
However, the planned grab surface water sample at Vehicle Fire 01 could not be collected due to dry
surface water features at the time of sampling. The grab sample at Vehicle Fire 02 was collected from the
perennial stream.

6.3 Sampling Methods and Procedures

Environmental data were collected and analyzed in accordance with the PQAPP (Arcadis 2019), the
SOPs and TGls included as Appendix A to the PQAPP, the QA/QC requirements identified in Worksheet
#20 of the PQAPP, the approved scope and sampling methods outlined in the site-specific QAPP
Addendum (Arcadis 2020a), and the safety procedures specified in the Accident Prevention Plan (Arcadis
2018) and SSHP (Arcadis 2020b). The sampling methods described in the SOPs and TGls establish
equipment requirements, procedures for preparing equipment and containers before sampling, sampling
procedures under various conditions, and procedures for storing samples to ensure that sample
contamination does not occur during collection, and transport. In general, sampling techniques used in
the Sl were consistent with conventional sampling techniques used in the environmental industry, but
special considerations were made regarding PFAS-containing materials and equipment and cross-
contamination potential.

The sampling methods employed during the Sl are detailed in the PQAPP (Arcadis 2019) and QAPP
Addendum (Arcadis 2020a). The subsections below provide a summary of the field methods and
procedures utilized to complete the S| scope of work. Field notes and field forms (i.e., soil boring logs,
groundwater purging logs, equipment calibration forms, tailgate health and safety forms, and sample
collection logs) documenting the Sl sampling activities are included in Appendices J and K, respectively.

6.3.1 Field Methods

Groundwater samples were collected using low-flow purging methods from approximately the center of
the saturated screened interval at existing monitoring wells. At sampling locations where boreholes were

22



PRELIMINARY ASSESSMENT/SITE INSPECTION OF PFAS AT FORT STEWART, GEORGIA

advanced using DPT, dual-tube drill casing was advanced using a top-down sampling method to
minimize cross-contamination at depth. Depending on field conditions, either a peristaltic pump or
portable bladder pump with PFAS-free disposable high-density polyethylene tubing. Field parameters
(temperature, pH, specific conductivity, dissolved oxygen, turbidity, and oxidation-reduction potential)
were measured during purging and allowed to stabilize in accordance with the TGl for PFAS Sampling
Procedures and Low-Flow Groundwater Purging for Monitoring Wells (P-11 in Appendix A to the PQAPP;
Arcadis 2019) (or purged for a maximum of 20 minutes, whichever was sooner) before groundwater
sampling to ensure a representative sample is collected and, potentially, to inform the interpretation of
analytical data. Coordinates for each borehole’s groundwater sampling location were recorded using a
handheld global positioning system. Soil lithologic descriptions were logged during sampling activities.

Shallow soil samples were collected to evaluate PFOS, PFOA, and/or PFBS presence or absence at or
downslope of potential release areas. Soil samples were analyzed for PFOS, PFOA, and PFBS; total
organic carbon (TOC), pH, and grain size were analyzed in one soil sample per AOPI at which at least
one soil sample was collected (i.e., these analytes were not analyzed for in every soil sample collected at
an AOPI). Soil lithological descriptions were logged and documented on field forms. Soil samples were
collected via hand auger methods in accordance with the TGI for PFAS-Specific Drilling and Monitoring
Well Installation (P-12 in Appendix A to the PQAPP [Arcadis 2019]) from 15 discrete points for a total of
15 hand auger sampling points at the AOPIs. At each hand auger and DPT sampling point at each AOPI,
soil samples were collected from a 2-foot interval within the top 2 feet of native soil. Coordinates for each
soil sampling location were recorded using handheld global positioning system equipment.

A grab surface water sample was collected from Vehicle Fire 02. The surface water sample was collected
using direct-fill methods just below the water surface and from downstream to upstream to reduce siltation
in sequential samples. The surface water sample was analyzed for PFOS, PFOA, and PFBS, and field
parameters (temperature, pH, specific conductivity, dissolved oxygen, turbidity, and oxidation-reduction
potential) were measured during surface water sampling to potentially inform the interpretation of
analytical data. Coordinates for the surface water sampling location were recorded using handheld global
positioning system equipment.

Decontamination procedures for non-dedicated equipment used during sampling are described in
Section 6.3.4.

6.3.2 Quality Assurance/Quality Control

Worksheets #20 of the PQAPP and QAPP Addendum provide QA/QC requirements for field duplicates,
matrix spike/matrix spike duplicates, equipment blanks (EBs), source blanks for water used in the initial
decontamination step for drill tooling, and field blanks for laboratory-supplied water used in the final
decontamination step.

QA/QC samples were collected at the frequencies specified in the QAPP Addendum (Arcadis 2020a),
typically at a rate of 1 per 20 parent samples. Field duplicates and matrix spike/matrix spike duplicate
samples were collected for media sampled for PFOS, PFOA, and PFBS, and TOC only. EBs were
collected for media sampled for PFOS, PFOA, and PFBS, at a frequency of one per piece of relevant
equipment for each sampling event, as specified in the QAPP Addendum (Arcadis 2020a). The
decontaminated reusable equipment from which EBs were collected include tubing, drill casing and hand
augers, water-level meters, bailers, and stainless-steel trowels as applicable to the sampled media.
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Source blanks were collected from the water used to decontaminate drill tooling. Analytical results for
blank samples are discussed in Section 7.4.

6.3.3 Field Change Reports

No instances of major scope modifications (i.e., those that may have had a significant impact on the
project scope and/or data usability/quality, or required stop-work, and warranted discussion with USACE)
were encountered during the FST Sl work. In some cases, clarifications to the established scope of work
were needed but do not necessarily constitute a non-conformance from the sampling plans described in
the QAPP Addendum. Minor modifications from and clarifications for the procedures and scope of work
detailed in the QAPP Addendum and PQAPP that did not affect DQOs are documented in Field Change
Reports. The one Field Change Report required is included as Appendix L and is summarized below:

The proposed surface water sample at Vehicle Fire 01 AOPI could not be collected. The conditions on the
ground were not as expected based on aerial photographs of the area, and the surface water features
were dry at the time of sampling.

6.3.4 Decontamination

Non-dedicated reusable sampling equipment (e.qg., stainless-steel trowels, hand augers, drill cutting
shoes and casing, water-level meters) that came into direct contact with sampling media was
decontaminated before first use, between sampling locations/intervals, and before demobilization in
accordance with P-09, TGl - Groundwater and Soil Sampling Equipment Decontamination (Arcadis 2019;
Appendix A).

6.3.5 Investigation-Derived Waste

IDW, including soil cuttings, groundwater, and decontamination fluids was collected and placed in
Department of Transportation-approved 55-gallon drums, and transported to a staging area. Media in the
drums were sampled to establish waste classification. Drums were transported offsite as non-hazardous
waste to a licensed disposal facility. Disposable equipment and personal protective equipment were
collected in bags and disposed in municipal waste receptacles. Equipment IDW includes personal
protective equipment and other disposable materials (e.g., gloves, plastic sheeting, Lexan tubes, and
high-density polyethylene and silicon tubing) that may come in contact with sampling media. Analytical
results for IDW samples collected during the Sl are discussed in Section 7.3. Waste manifests are
included in Appendix M.

6.4 Data Analysis

The subsections below summarize the laboratory analytical methods and the methodology used to
evaluate data collected during the S| through data verification and usability assessments (as completed
by a project chemist, independent of the project team).
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6.4.1 Laboratory Analytical Methods

Analytical samples collected during the Sl were submitted to Pace South Carolina (formerly Shealy
Environmental Services, Inc.), an ELAP-accredited laboratory for PFAS analysis, including PFOS, PFOA,
and PFBS, by LC/MS/MS. Laboratory analyses associated with the SI were completed in accordance with
Worksheets #12.1 through #12.5 in the PQAPP (Arcadis 2019). Eighteen PFAS-related compounds,
including PFOS, PFOA, and PFBS, were analyzed for in groundwater, soil, and surface water samples
using an analytical method that is ELAP-accredited and compliant with QSM 5.3, Table B-15 (DoD and
Department of Energy 2019).

Additionally, the following general chemistry and physical characteristic analyses were completed for
select soil and sediment samples in accordance with Worksheet #18 of the QAPP Addendum (Arcadis
2020a) by the analytical method noted:

e TOC by Solid Waste Test Method 846 9060A

¢ Grain size analysis by American Society for Testing and Materials D422-63

e pH by Solid Waste Test Method 846 9045D.

These data are collected as they may be useful in future fate and transport studies.

The laboratory limit of detection (LOD) is defined as “the lowest concentration for reliable reporting of a
non-detect of a specific analyte in a specific matrix with a specific method at 99 percent confidence” (DoD
2017). The lowest concentration of a substance that produces a quantitative result within specified limits
of precision and bias is known as the limit of quantitation (LOQ; DoD 2017). Concentrations detected
between the LOD and LOQ, therefore, are considered estimates and are qualified as such on laboratory
analytical reports. Instrument-specific detection limits (e.g., the smallest analyte concentration that can be
demonstrated to be different from zero or a blank concentration with 99 percent confidence; DoD 2017),
as provided for each analyte by the laboratory, are reported along with the LODs and LOQs in the
laboratory analytical reports included in the Data Usability Summary Report (DUSR) (Appendix N).

6.4.2 Data Validation

All analytical data generated during the Sl, except grain size, were verified and validated in accordance
with the data verification procedures described in Worksheets #34 through #36 of the PQAPP (Arcadis
2019). Each laboratory data package/sample delivery group underwent Stage 3 data validation in
accordance with DoD QSM 5.3 (DoD and Department of Energy 2019). Additionally, 10% of the data
underwent Stage 4 data validation. Copies of the data validation reports for each sample delivery group
are included as attachments to the DUSR in Appendix N. The Level IV analytical reports are included
within Appendix N in the final electronic deliverable only.

6.4.3 Data Usability Assessment and Summary

A data usability assessment was completed for all analytical data associated with S| sampling at FST.
Documentation generated during the data usability assessments, which were compiled into a DUSR
(Appendix N), was prepared in accordance with the USACE Engineer Manual 200-1-10 (USACE 2005),
the Final DoD General Data Validation Guidelines (DoD 2019) and the Final DoD Data Validation
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Guidelines Module 3: Data Validation Procedure for Per-and Polyfluoroalkyl Substances Analysis by QSM
Table B-15 (DoD 2020), that reviewed precision, accuracy, completeness, representativeness,
comparability, and sensitivity. A statement of overall data usability is included in the DUSR.

Based on the final data usability assessment, the environmental data collected at FST during the S| were
found to be acceptable and usable for this Sl evaluation with the qualifications documented in the DUSR
and its associated data validation reports (Appendix N), and as indicated in the full analytical tables
(Appendix O) provided for the Sl results. These data are of sufficient quality to meet the objectives and
requirements of the PQAPP (Arcadis 2019) and FST QAPP Addendum (Arcadis 2020a). Data qualifiers
applied to laboratory analytical results for samples collected during the Sl at FST are provided in the data
tables, data validation reports, and the Data Usability Summary Table located at the end of DUSR.
Qualifiers for data shown on figures are defined in the notes of figures.

6.5 Office of the Secretary of Defense Risk Screening Levels

The OSD risk screening levels for PFOS, PFOA, and PFBS in groundwater (tap water) and soil were
calculated using the USEPA’s RSL calculator for residential and industrial/commercial worker receptor
scenarios and current toxicity values. These risk screening levels are shown in Table 6-2.

Table 6-2 OSD Risk Screening Levels Calculated for PFOS, PFOA, and PFBS in Tap Water and Soil Using
USEPA's Regional Screening Level Calculator

Chemical Residential Scenario Risk Industrial/Commercial
Screening Levels Calculated Using Scenario Risk Screening
USEPA RSL Calculator Levels Calculated Using
USEPA RSL Calculator
Tap Water Soil (mg/kg or Soil (mg/kg or ppm) 12
(ng/L or ppt) * ppm) "2
PFOS 40 0.13 1.6
PFOA 40 0.13 1.6
PFBS 600 1.9 25

Notes:

1. Risk screening levels for tap water and soil provided by the OSD. 2021. Memorandum: Investigating Per- and Polyfluoroalkyl
Substances within the Department of Defense Cleanup Program. September 15 (Appendix A).

2. All soil data will be screened against both the Residential Scenario and Industrial/Commercial risk screening levels (since it was
collected from less than 2 feet bgs), regardless of the current and projected land use of the AOPI.

mg/kg = milligram per kilogram

ng/L = nanograms per liter

ppm = parts per million

ppt = parts per trillion

The OSD residential tap water risk screening levels will be used to compare all groundwater data for this
Army PFAS PA/SI. The data for the surface water sample will not be compared to the OSD residential tap
water risk screening level since the surface water is likely not an expression of groundwater (i.e.,
springs/seeps) and surface water is not used as a drinking water source nearby. While the current and
most likely future land uses of the AOPIs at FST are industrial/commercial, both residential and
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industrial/commercial soil risk screening levels for PFOS, PFOA, and PFBS will be used to evaluate
detected soil concentrations. The data from the S| sampling event are compared to the OSD risk
screening levels in Section 7. If concentrations of PFOS, PFOA, or PFBS are detected greater than the
applicable OSD risk screening levels, further study in a remedial investigation is recommended in Section
9.
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7 SUMMARY AND DISCUSSION OF SI RESULTS

This section summarizes the analytical results obtained from samples collected during the Sl at FST (field
duplicate results are provided in the associated tables). Sampled media and QA/QC samples were
analyzed for the constituents prescribed per Worksheet #18 of the QAPP Addendum (Arcadis 2020a).
The sample results discussion below focuses on the PFOS, PFOA, and PFBS analytical results because
they have OSD risk screening levels. The Army will make subsequent investigation decisions based on
these constituents’ concentrations relative to the OSD risk screening levels.

Tables 7-1 through 7-3 provide a summary of the groundwater, soil, and surface water analytical results
for PFOS, PFOA, and PFBS. Table 7-4 summarizes AOPIs and whether their Sl results exceed the OSD
risk screening levels. Appendix O includes the full suite of analytical results for these media, as well as
for the QA/QC samples. An overview of AOPIs at FST with OSD risk screening level exceedances is
depicted on Figure 7-1. Figures 7-2 through 7-12 show the PFOS, PFOA, and PFBS analytical results in
groundwater, soil, and surface water for each AOPI. Non-detected results are reported as less than the
LOQ. Detections of PFOS, PFOA, and/or PFBS greater than the applicable OSD risk screening levels are
highlighted in summary tables and on figures. Final qualifiers applied to the data by the laboratory and the
project chemist (as defined in Section 6.4.3) are presented on the analytical tables. Groundwater and
surface water data collected during the Sl are reported in ng/L, or parts per trillion, and soil and sediment
data are reported in mg/kg, or parts per million.

Field parameters measured for groundwater during low-flow purging and sample collection and for
surface water during sample collection are provided in the field notes in Appendix J and on the field
forms in Appendix K. Soil descriptions are provided on the field forms in Appendix K. The results of the
Sl are grouped by AOPI and discussed for each medium as applicable. Groundwater was generally first
encountered at depths of approximately 5 to 20 feet bgs at AOPIs where groundwater was collected.

Table 7-4 AOPIs and OSD Risk Screening Level Exceedances

AOPI Name OSD Exceedances (Yes/No)
Fire Station 01 No
Fire Station 03 Yes
Fire Station 05 Yes
Current AFFF Storage Yes
Quarterly Crash Drill Area Yes
Wright Army Airfield Yes
Taxiway E Yes
Vehicle Fire 01 No
Vehicle Fire 02 No
Former AFFF Storage Area Yes
33R Approach Yes
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AOPI Name OSD Exceedances (Yes/No)
Post South Central Landfill No
Building 1838 Yes

7.1 Areas of Potential Interest

7.1.1 Fire Station 01 AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Fire Station 01 (Figure 7-2).

7.1.1.1  Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (15 feet bgs) at the Fire Station 01 AOPI (FST-FS1-GW-01; Figure 7-2).

PFOS was detected below the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-FS1-GW-01 (37 BJ+ [method blank contamination, may be biased high] ng/L).
PFOA was detected below the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location at FST-FS1-GW-01 (7.0 ng/L). PFBS was detected below the OSD tap water risk
screening level (600 ng/L) in the groundwater grab sample location FST-FS1-GW-01 (53 ng/L). A
summary of PFOS, PFOA, and PFBS groundwater analytical results is provided in Table 7-1 and the full
suite of analytical results is included in Appendix O.

7.1.1.2 Saoll

One soil sample was collected at the Fire Station 01 AOPI (FST-FS1-SO-01; Figure 7-2). PFOS, PFOA,
and PFBS were not detected in this sample. A summary of PFOS, PFOA, and PFBS soil analytical results
is provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.1.2 Fire Station 03 AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Fire Station 03.

7.1.2.1  Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (20 feet bgs) at the Fire Station 03 AOPI (FST-FS3-GW-01; Figure 7-3).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-FS3-GW-01 (360,000 J [diluted analysis, estimated] ng/L). PFOA was detected
above the OSD tap water risk screening level (40 ng/L) at the groundwater grab sample location at FST-
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FS3-GW-01 (23,000 J ng/L). PFBS was detected above the OSD tap water risk screening level (600
ng/L) at the groundwater grab sample location FST-FS3-GW-01 (6,200 J ng/L). A summary of PFOS,
PFOA, and PFBS groundwater analytical results is provided in Table 7-1 and the full suite of analytical
results is included in Appendix O.

7.1.2.2 Saoll

One soil sample was collected at the Fire Station 03 AOPI (FST-FS3-S0O-01; Figure 7-3). PFOS was
detected above the OSD residential risk screening level (0.13 mg/kg) in sample FST-FS3-SO-01 (0.19 J).
The PFOS concentration did not exceed the OSD industrial/commercial risk screening level (1.6 mg/kg).
PFOA was detected below the OSD residential risk screening level (0.13 mg/kg) in sample FST-FS3-SO-
01 (0.0024 J). PFBS was not detected in this sample. A summary of PFOS, PFOA, and PFBS soil
analytical results is provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.1.3 Current AFFF Storage AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with the Current AFFF Storage AOPI.

7.1.3.1 Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (10 feet bgs) at the Current AFFF Storage AOPI (FST-CS-GW-01; Figure 7-3).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-CS-GW-01 (52,000 B [method blank contamination] ng/L). PFOA was detected at
concentrations above the OSD tap water risk screening level (40 ng/L) at the groundwater grab sample
location at FST-CS-GW-01 (4,700 J ng/L). PFBS was not detected in the groundwater grab sample
location FST-CS-GW-01. A summary of PFOS, PFOA, and PFBS groundwater analytical results is
provided in Table 7-1 and the full suite of analytical results is included in Appendix O.

7.1.3.2 Soll

One soil sample was collected at the Current AFFF Storage AOPI (FST-CS-SO-01; Figure 7-3). PFOA
and PFBS were not detected in this sample. PFOS was detected below the OSD residential risk
screening level (0.13 mg/kg) in sample FST-CS-SO-01 (0.066 mg/kg J). A summary of PFOS, PFOA, and
PFBS soil analytical results is provided in Table 7-2 and the full suite of analytical results is included in
Appendix O.

7.1.4 Fire Station 05 AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Fire Station 05.
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7141 Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (10 feet bgs) at the Fire Station 05 AOPI (FST-FS5-GW-01; Figure 7-4).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-FS5-GW-01 (26,000 J ng/L). PFOA was detected above the OSD tap water risk
screening level (40 ng/L) at the groundwater grab sample location at FST-FS5-GW-01 (1,300 J ng/L).
PFBS was detected above the OSD tap water risk screening level (600 ng/L) in the groundwater grab
sample location FST-FS5-GW-01 (970 J ng/L). A summary of PFOS, PFOA, and PFBS groundwater
analytical results is provided in Table 7-1 and the full suite of analytical results is included in Appendix O.

7.1.4.2 Soll

One soil sample was collected at the Fire Station 05 AOPI (FST-FS5-S0O-01; Figure 7-4). PFOS was
detected below the OSD residential risk screening level (0.13 mg/kg) in sample FST-FS5-SO-01 (0.011
mg/kg). PFOA was detected below the OSD residential risk screening level (0.13 mg/kg) in sample FST-
FS5-S0O-01 (0.0011 mg/kg). PFBS was not detected in this sample. A summary of PFOS, PFOA, and
PFBS soil analytical results is provided in Table 7-2 and the full suite of analytical results is included in
Appendix O.

7.1.5 Quarterly Crash Drill Exercise Area AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with the Quarterly Crash Drill Exercise Area.

7.1.5.1 Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (10 feet bgs) at the Quarterly Crash Drill Exercise Area AOPI (FST-CDA-GW-
01; Figure 7-5).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-CDA-GW-01 (110,000 J- [diluted analysis, may be biased low] ng/L). PFOA was
detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab sample location
at FST-CDA-GW-01 (3,600 J- ng/L). PFBS was detected above the OSD tap water risk screening level
(600 ng/L) in the groundwater grab sample location FST-CDA-GW-01 (5,400 J- ng/L). A summary of
PFOS, PFOA, and PFBS groundwater analytical results is provided in Table 7-1 and the full suite of
analytical results is included in Appendix O.

7.1.5.2 Soll

One soil sample was collected at the Quarterly Crash Drill Exercise Area AOPI (FST-CDA-SO-01; Figure
7-5). PFOS was detected above the OSD residential risk screening level (0.13 mg/kg) in sample FST-
CDA-S0-01 (0.14 mg/kg). The PFOS concentration did not exceed the OSD industrial/commercial
screening level (1.6 mg/kg). PFOA was detected below the OSD residential risk screening level (0.13
mg/kg) in sample FST-CDA-S0O-01 (0.0020 mg/kg). PFBS was not detected in this sample. A summary of
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PFOS, PFOA, and PFBS soil analytical results is provided in Table 7-2 and the full suite of analytical
results is included in Appendix O.

7.1.6 Taxiway E AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Taxiway E.

7.1.6.1 Groundwater

Two soil borings were advanced via DPT drill rig to collect shallow groundwater grab samples at first
encountered groundwater (10 feet bgs at each location) at the Taxiway E AOPI (FST-TE-GW-01 and
FST-TE-GW-02; Figure 7-5).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-TE-GW-01 (44 ng/L). PFOS was detected below the OSD tap water risk screening
level (40 ng/L) in sample FST-TE-GW-02 (37 J- ng/L). PFOA was detected above the OSD tap water risk
screening level (40 ng/L) in groundwater grab samples FST-TE-GW-01 (13 ng/L) and FST-TE-GW-02
(4.7 J- ng/L). PFBS was detected below the OSD tap water risk screening level (600 ng/L) in groundwater
grab samples FST-TE-GW-01 (3.1 J ng/L) and FST-TE-GW-02 (8.3 J- ng/L). A summary of PFOS, PFOA,
and PFBS groundwater analytical results is provided in Table 7-1 and the full suite of analytical results is
included in Appendix O.

7.1.6.2 Saoll

Two soil samples were collected at the Taxiway E AOPI (FST-TE-SO-01 and FST-TE-SO-02; Figure 7-
5). PFOS was detected below the OSD residential risk screening level (0.13 mg/kg) in sample FST-TE-
S0-02 (0.0012 mg/kg). PFOS was not detected in sample FST-TE-SO-01. PFBS and PFOA were not
detected in either of these samples. A summary of PFOS, PFOA, and PFBS soil analytical results is
provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.1.7 Wright Army Airfield FTA (FST-013; SWMU 13; 13305.1010) AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with WAAF FTA.

7.1.7.1  Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (5 feet bgs) at the WAAF FTA AOPI (FST-WAA-GW-01; Figure 7-6). Two
additional grab groundwater samples were collected from existing monitoring wells (FST-MW-11, 9 feet
bgs, and FST-MW-18R, 6 feet bgs) at the WAAF FTA (Figure 7-6).

PFOS was detected at concentrations above the OSD tap water risk screening level (40 ng/L) at the
groundwater grab sample locations FST-WAA-GW-01 (28,000 J ng/L), FST-MW-11 (18,000 J ng/L), and
FST-MW-18R (16,000 J ng/L). PFOA was detected at concentrations above the OSD tap water risk
screening level (40 ng/L) in samples FST-WAA-GW-01 (1,500 J ng/L), FST-MW-11 (520 J ng/L) and FST-
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MW-18R (1,700 J ng/L). PFBS was detected below the OSD tap water risk screening level (600 ng/L) in
the groundwater grab sample locations FST-WAA-GW-01 (96 J ng/L) and FST-MW-11 (100 J ng/L).
PFBS was not detected in sample FST-MW-18R. A summary of PFOS, PFOA, and PFBS groundwater
analytical results is provided in Table 7-1 and the full suite of analytical results is included in Appendix O.

7.1.7.2 Soll

Two soil samples were collected at the WAAF AOPI (FST-WAA-SO-01 and FST-WAA-SO-02; Figure 7-
6). PFOS was detected below the OSD residential risk screening level (0.13 mg/kg) in sample FST-WAA-
S0-01 (0.0077 mg/kg). PFOS was not detected in sample FST-WAA-SO-02. PFOA was detected below
the OSD residential risk screening level (0.13 mg/kg) in sample FST-WAA-SO-01 (0.0015 mg/kg). PFOA
was not detected in sample FST-WAA-SO-02. PFBS was not detected in these samples. A summary of
PFOS, PFOA, and PFBS soil analytical results is provided in Table 7-2 and the full suite of analytical
results is included in Appendix O.

7.1.8 33R Approach AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with 33R - Approach Area.

7.1.8.1  Groundwater

Two soil borings were advanced via DPT drill rig to collect shallow groundwater grab samples at first
encountered groundwater (FST-33R-GW-01, 7 feet bgs, and FST-33F-GW-02, 4.5 feet bgs) at the 33R -
Approach Area AOPI (Figure 7-7).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) at the groundwater grab
sample location FST-33R-GW-01 (470 J ng/L). PFOS was detected below the OSD tap water risk
screening level (40 ng/L) in sample FST-33R-GW-02 (8.0 ng/L). PFOA was detected above the OSD tap
water risk screening level (40 ng/L) at the groundwater grab sample location at FST-33R-GW-01 (390 J
ng/L). PFOA was detected below the OSD tap water risk screening level (40 ng/L) in sample FST-33R-
GW-02 (2.3 J ng/L). PFBS was detected below the OSD tap water risk screening level (600 ng/L) in the
groundwater grab sample location FST-33R-GW-01 (65 J ng/L). PFBS was not detected in sample FST-
33R-GW-02. A summary of PFOS, PFOA, and PFBS groundwater analytical results is provided in Table
7-1 and the full suite of analytical results is included in Appendix O.

7.1.8.2 Soll

Two soil samples were collected at the 33R Approach AOPI (FST-33R-S0-01 and FST-33R-S0-02;
Figure 7-7). PFOS, PFOA, and PFBS were not detected in either of these samples. A summary of PFOS,
PFOA, and PFBS soil analytical results is provided in Table 7-2 and the full suite of analytical results is
included in Appendix O.
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7.1.9 Former AFFF Storage Area AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with the Former AFFF Storage Area.

7.1.9.1  Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (10 feet bgs) at the Former AFFF Storage Area AOPI (FST-FASA-GW-01;
Figure 7-8).

PFOS was detected above the OSD tap water risk screening level (40 ng/L) in groundwater grab sample
FST-FASA-GW-01 (260 J ng/L). PFOA was detected above the OSD tap water risk screening level (40
ng/L) in groundwater grab sample FST-FASA-GW-01 (170 J ng/L). PFBS was detected above the OSD
tap water risk screening level (600 ng/L) in groundwater grab sample FST-FASA-GW-01 (1,600 J ng/L). A
summary of PFOS, PFOA, and PFBS groundwater analytical results is provided in Table 7-1 and the full
suite of analytical results is included in Appendix O.

7.1.9.2 Soll

One soil sample was collected at the Former AFFF Storage AOPI (FST-FASA-SO-01; Figure 7-8).
PFOS, PFOA, and PFBS were not detected in this sample. A summary of PFOS, PFOA, and PFBS soil
analytical results is provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.1.10 Post South Central Landfill (FST-001; SWMU1; 13305.1001) AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Post South Central Landfill.

7.1.10.1 Groundwater

Two grab groundwater samples were collected from existing monitoring wells (7 and 11 feet bgs) at the
Post South Central Landfill AOPI (FST-GWB-SC-M9 and FST-GWB-SC-M5; Figure 7-9).

PFOS, PFOA, and PFBS were not detected at either of the groundwater grab sample locations at the
Post South Central Landfill AOPI. A summary of PFOS, PFOA, and PFBS groundwater analytical results
is provided in Table 7-1 and the full suite of analytical results is included in Appendix O.

7.1.11 Vehicle Fire 01 AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Vehicle Fire 01 AOPI.

7.1.11.1 Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (9 feet bgs) at the Former Vehicle Fire 01 AOPI (FST-VF1-GW-01; Figure 7-
10).
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PFOS was detected below the OSD tap water risk screening level (40 ng/L) in groundwater grab sample
FST-VF1-GW-01 (2.8 J ng/L). PFOA was detected below the OSD tap water risk screening level (40 ng/L)
in groundwater grab sample FST-VF1-GW-01 (2.2 J ng/L). PFBS was not detected in groundwater grab
sample FST-VF1-GW-01. A summary of PFOS, PFOA, and PFBS groundwater analytical results is
provided in Table 7-1 and the full suite of analytical results is included in Appendix O.

7.1.11.2 Soll

One soil sample was collected at the Vehicle Fire 01 AOPI (FST-VF1-SO-01; Figure 7-10). PFOS, PFOA,
and PFBS were not detected in this sample. A summary of PFOS, PFOA, and PFBS soil analytical results
is provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.1.12 Vehicle Fire 02 AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Vehicle Fire 02.

7.1.12.1 Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (20 feet bgs) at the Former Vehicle Fire 02 AOPI (FST-VF2-GW-01; Figure 7-
11).

PFOS was detected below the OSD tap water risk screening level (40 ng/L) in groundwater grab sample
FST-VF2-GW-01 (2.2 J ng/L). PFOA and PFBS were not detected in groundwater grab sample FST-VF2-
GW-01. A summary of PFOS, PFOA, and PFBS groundwater analytical results is provided in Table 7-1
and the full suite of analytical results is included in Appendix O.

7.1.12.2 Surface Water

One grab surface water sample was collected from a nearby retention pond southwest from the Vehicle
Fire 02 AOPI (FST-VF2-01-SW; Figure 7-11).

PFOS, PFOA, and PFBS were not detected in surface water sample FST-VF2-01-SW. A summary of
PFOS, PFOA, and PFBS surface water analytical results is provided in Table 7-3 and the full suite of
analytical results is included in Appendix O.

7.1.12.3 Soll

One soil sample was collected at the Vehicle Fire 02 AOPI (FST-VF2-S0O-01; Figure 7-8). PFOS, PFOA,
and PFBS were not detected in this sample. A summary of PFOS, PFOA, and PFBS soil analytical results
is provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.1.13 Building 1838 AOPI

The subsections below summarize the groundwater and soil PFOS, PFOA, and PFBS analytical results
associated with Building 1838.
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7.1.13.1 Groundwater

One soil boring was advanced via DPT drill rig to collect a shallow groundwater grab sample at first
encountered groundwater (10 feet bgs) at the Building 1838 AOPI (FST-B1838-GW-01; Figure 7-12).

PFOS was detected below the OSD tap water risk screening level (40 ng/L) in groundwater grab sample
FST-B1838-GW-01 (24 ng/L). PFOA was detected above the OSD tap water risk screening level (40
ng/L) in sample FST-B1838-GW-01 (150 ng/L). PFBS was detected below the OSD tap water risk
screening level (600 ng/L) in groundwater grab sample FST-B1838-GW-01 (15 ng/L). A summary of
PFOS, PFOA, and PFBS groundwater analytical results is provided in Table 7-1 and the full suite of
analytical results is included in Appendix O.

7.1.13.2 Soll

One soil sample was collected at the Building 1838 AOPI (FST-B1838-S0-01; Figure 7-12). PFOS was
detected below the OSD risk screening level (0.13 mg/kg) in sample FST-B1838-S0O-01 (0.0023 mg/kg).
PFOA was detected below the OSD risk screening level (0.13 mg/kg) in sample FST-B1838-SO-01
(0.00050 J mg/kg). PFBS was not detected in this sample. A summary of PFOS, PFOA, and PFBS soil
analytical results is provided in Table 7-2 and the full suite of analytical results is included in Appendix O.

7.2 Investigation Derived Waste

Composite samples of the purge and decontamination wastewater and excess soil cuttings were
collected from the 55-gallon drums after the S| sampling. The results indicated that the waste is
categorized as Non-Regulated Material (PFAS impacted) and was disposed of at ECOFLO, Inc. in
Greensboro, North Carolina (USEPA ID Number NCD980842132.) The full analytical results (i.e., for all
constituents analyzed) for IDW samples collected during the Sl are included in Appendix O.

7.3 TOC, pH, and Grain Size

In addition to sampling soil for PFOS, PFOA, and PFBS, one soil sample per AOPI was analyzed for
TOC, pH, moisture content, and grain size data as they may be useful in future fate and transport
studies. The TOC in the soil samples ranged from 1,640 to 13,000 mg/kg. The TOC at this installation
was within the range typically observed in topsoil: 5,000 to 30,000 mg/kg. The combined percentage of
fines passing sieve number 200 (i.e., silt and clay) in soils at FST ranged from 8 to 27.4% with an
average of 17.5%. In general, PFAS constituents tend to be more mobile in soils with less than 20% fines
(silt and clay) and lower TOC. The percent moisture of the soil, 85.5 to 97.4%, was higher than typical for
sandy soil (0 to 10%). The pH of the soil was slightly acidic (4.5 to 6.9 standard units). Based on these
geochemical and physical soil characteristics (i.e., low percentage of fines and TOC) observed underlying
the installation during the SI, PFAS constituents are expected to be relatively more mobile at FST than in
soils with greater percentages of fines and TOC. The analytical results for TOC, pH, and moisture content
are included in Appendix O.
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7.4 Blank Samples

PFOS, PFOA, and/or PFBS were not detected in any of the QA/QC samples collected during the SI work.
The full analytical results for blank samples collected during the Sl are included in Appendix O.

7.5 Conceptual Site Models

The preliminary CSMs presented in the QAPP Addendum (Arcadis 2020a) were re-evaluated and
updated, if necessary, based on the Sl sampling results. The CSMs presented on Figures 7-13 through
7-17 and in this section therefore represent the current understanding of the potential for human
exposure. For some AOPIs, the CSM is the same and thus shown on the same figure.

Many of the PFAS constituents found in AFFF are surfactants (which do not volatilize) and are found in a
charged or ionic state at environmentally-relevant pH (i.e., pH 5 to 9 standard units). PFOS, PFOA, and
PFBS are each negatively charged at environmentally-relevant pH. The media potentially affected by
PFOS, PFOA, PFBS releases at Army installations are soil, groundwater, surface water, and sediment.
Once released to the environment, a primary factor that inhibits the movement of PFAS constituents is
the presence of organic matter and organic co-constituents in soils and sediments. Generally, PFAS
constituents are mobile in the potentially affected media, and they are not known to be fully broken down
by natural processes.

Based on the use, storage, and/or disposal of PFAS-containing materials at the AOPIs, affected media
are likely to consist of soil, groundwater, surface water, and sediment.

Release and transport mechanisms include dissolution/desorption from soil to groundwater, transport via
sediment carried in and dissolution to stormwater and surface water, discharge/recharge between
groundwater and surface water, and adsorption/desorption between surface water and sediment. Generic
categories of potential human receptors and their associated exposure scenarios that are typically
evaluated in a CERCLA human health risk assessment were considered and include on-installation site
workers (e.g., industrial/commercial workers, utility workers, or future construction workers who could be
exposed to chemicals in soil at an AOPI or to chemicals in tap water in an industrial/commercial building),
on-installation residents (e.g., adults and children who could be exposed to chemicals in tap water in a
residence), and on-installation recreational users (e.g., hikers or hunters who could be exposed to
chemicals in waterways at an installation). Off-installation receptor types could include drinking water
receptors (i.e., commercial/industrial workers or residents) and recreational users.

Human exposure pathways are shown as “complete”, “potentially complete”, or “incomplete” on the CSM
figures. A complete exposure pathway consists of a constituent source and release mechanism, a
transport or retention medium, an exposure point where human contact with the contaminated medium
could occur, and an exposure route at the exposure point. If any of these elements is missing, the
exposure pathway is incomplete. Pathways are “potentially complete” where data are insufficient to
conclude the pathway is either “complete” or “incomplete”. Additionally, the CSMs do not include
ecological receptors and exposure pathways. The potential for ecological exposures to PFOS, PFOA, and
PFBS may be evaluated at a future date if those pathways warrant further consideration.

Following the SI sampling, the 12 AOPIs with confirmed PFOS, PFOA, and/or PFBS presence have
complete or potentially complete exposure pathways. Although the CSMs indicate complete or potentially
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complete exposure pathways may exist, the recommendation for remedial investigation is based on the
comparison of analytical results for PFOS, PFOA, and PFBS to the OSD risk screening levels (Table 6-
2).

CSMs were developed for each individual AOPI and were combined where source media, potential
migration pathways and exposure media, and human exposure pathway determinations are congruent.
The following exposure pathway determinations apply to all CSMs:

o The AOPIs are not residential or recreational sites and are wholly located within the installation
boundaries. Therefore, the soil exposure pathways for on-installation residents and recreational users
and for off-installation receptors are incomplete.

o Recreational users are not likely to contact groundwater during outdoor recreational activities.
Therefore, the groundwater exposure pathway for on-installation recreational users is incomplete.

Additional exposure pathway descriptions for each CSM are listed below by figure.

Figure 7-13 shows the CSM for Fire Station 01, Vehicle Fire 01, and Vehicle Fire 02 AOPIs. At these
AOPIs, AFFF was historically stored in crash trucks and/or engines or was used to extinguish vehicle
fires.

e PFOS, PFOA, and/or PFBS were not detected in soil, therefore the soil exposure pathway for on-
installation site workers is incomplete.

e PFOS, PFOA, and/or PFBS were detected in groundwater. The AOPIs are side or downgradient of
and not likely to affect drinking water wells used to supply potable water at FST. However, the
groundwater exposure pathways (via drinking water ingestion and dermal contact) for on-installation
site workers and residents are potentially complete to account for potential future use of the
downgradient on-post groundwater.

e Groundwater originating at these AOPIs flows off-post through the installation’s southern boundary.
Due to the absence of land use controls preventing potable use of groundwater in this area, the
groundwater exposure pathway (via drinking water ingestion and dermal contact) for off-installation
receptors is potentially complete.

e PFOS, PFOA, and/or PFBS detected in groundwater could migrate to surface water via shallow
groundwater discharge. Surface water bodies on-post are not used for drinking water. On-installation
site workers and residents are not likely to otherwise contact surface water and sediment; therefore,
these exposure pathways are incomplete. Recreational users could contact constituents in Peacock
Creek through incidental ingestion and dermal contact; therefore, the surface water and sediment
exposure pathways for on-installation recreational users are potentially complete.

e Surface water bodies flow off-post through Peacock Creek. Surface water is not used for drinking
water within 5 miles of the installation boundary. Recreational users off-post could contact
constituents in surface water and sediment through incidental ingestion and dermal contact;
therefore, the surface water and sediment exposure pathways for off-installation recreational users
are potentially complete.

Figure 7-14 shows the CSM for Fire Station 03 and Current AFFF Storage AOPIs. AFFF was historically
stored in these areas and may have been released to soil and paved surfaces during incidental releases
and/or nozzle testing activities. As these AOPIs are not near surface water features, surface water and
sediment pathways were not evaluated in the CSM.
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PFOS, PFOA, and/or PFBS were detected in soil and site workers could contact constituents in
soil via incidental ingestion, dermal contact, and inhalation of dust. Therefore, the soil exposure
pathway for on-installation site workers is complete.

PFOS, PFOA, and/or PFBS were detected in groundwater. The AOPIs are side or downgradient of
and not likely to affect drinking water wells used to supply potable water at FST. However, the
groundwater exposure pathways (via drinking water ingestion and dermal contact) for on-
installation site workers and residents are potentially complete to account for potential future use
of the downgradient on-post groundwater.

Groundwater originating at these AOPIs flows off-post through the installation’s southern
boundary. Due to the absence of land use controls preventing potable use of groundwater in this
area, the groundwater exposure pathway (via drinking water ingestion and dermal contact) for off-
installation receptors is potentially complete.

Figure 7-15 shows the CSM for Fire Station 05, WAAF FTA (FST-013), Quarterly Crash Drill Area,
Taxiway E, and Building 1838 AOPIs. AFFF was historically released to soil and paved surfaces during
nozzle testing, firefighter training exercises, crash/ fire response activities, or incidental releases due to
AFFF storage in tactical firefighting trucks.

PFOS, PFOA, and/or PFBS were detected in soil and site workers could contact constituents in
soil via incidental ingestion, dermal contact, and inhalation of dust. Therefore, the soil exposure
pathway for on-installation site workers is complete.

PFOS, PFOA, and/or PFBS were detected in groundwater. The AOPIs are side or downgradient of
and not likely to affect drinking water wells used to supply potable water at FST. However, the
groundwater exposure pathways (via drinking water ingestion and dermal contact) for on-
installation site workers and residents are potentially complete to account for potential future use
of the downgradient on-post groundwater.

Groundwater originating at these AOPIs flows off-post through the installation’s southern

boundary. Due to the absence of land use controls preventing potable use of groundwater in this
area, the groundwater exposure pathway (via drinking water ingestion and dermal contact) for off-
installation receptors is potentially complete.

PFOS, PFOA, and/or PFBS detected in soil and groundwater could migrate to surface water via
surface runoff or shallow groundwater discharge. Surface water bodies on-post are not used for
drinking water. On-installation site workers and residents are not likely to otherwise contact surface
water and sediment; therefore, these exposure pathways are incomplete. Recreational users could
contact constituents in Peacock Creek through incidental ingestion and dermal contact; therefore, the
surface water and sediment exposure pathways for on-installation recreational users are potentially
complete.

Surface water bodies flow off-post through Peacock Creek. Surface water is not used for drinking
water within 5 miles of the installation boundary. Recreational users off-post could contact
constituents in surface water and sediment through incidental ingestion and dermal contact;
therefore, the surface water and sediment exposure pathways for off-installation recreational users
are potentially complete.

Figure 7-16 shows the CSM for 33R Approach and Former AFFF Storage Area AOPIs. AFFF was
historically stored in these areas and may have been released to soil and paved surfaces during
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incidental releases and/or operation/function checks of turrets and foam system on the aircraft rescue and
firefighting apparatus. As these AOPIs are not near surface water features, surface water and sediment
pathways were not evaluated in the CSM.

PFOS, PFOA, and/or PFBS were not detected in soil, therefore the soil exposure pathway for on-
installation site workers is incomplete.

PFOS, PFOA, and/or PFBS were detected in groundwater. The AOPIs are side or downgradient of
and not likely to affect drinking water wells used to supply potable water at FST. However, the
groundwater exposure pathways (via drinking water ingestion and dermal contact) for on-installation
site workers and residents are potentially complete to account for potential future use of the
downgradient on-post groundwater.

Groundwater originating at these AOPIs flows off-post through the installation’s southern boundary.
Due to the absence of land use controls preventing potable use of groundwater in this area, the
groundwater exposure pathway (via drinking water ingestion and dermal contact) for off-installation
receptors is potentially complete.

Figure 7-17 shows the CSM for the Post South Central Landfill AOPI. AFFF impacted soil was disposed
of in this historical landfill in the 1940s.

Soil at this AOPI was not sampled for PFOS, PFOA, and PFBS as it is unclear where the native
soil begins and ends. Therefore, the soil exposure pathway for on-installation site workers remains
potentially complete.

PFOS, PFOA, and/or PFBS were not detected in groundwater. Based on these sample results, the
groundwater exposure pathways (via drinking water ingestion and dermal contact) are incomplete.
Given the low potential for runoff from landfill soil and the non-detect groundwater sample results,
it is inferred PFOS, PFOA, and/or PFBS are not migrating from this AOPI to nearby surface water
and sediment. Therefore, the surface water and sediment exposure pathways are incomplete.

Following the SI sampling, 12 out of the 13 AOPIs were considered to have complete or potentially
complete exposure pathways. Although the CSMs indicate complete or potentially complete exposure
pathways may exist, the recommendation for remedial investigation is based on the comparison of
analytical results for PFOS, PFOA, and PFBS to the OSD risk screening levels (Table 6-2).

40



PRELIMINARY ASSESSMENT/SITE INSPECTION OF PFAS AT FORT STEWART, GEORGIA

8 OFF-POST PRIVATE POTABLE WELL INVESTIGATION

Based on Sl sampling results, off-post private potable wells were identified as part of the PA/SI
investigation at FST to determine whether there are potential off-post impacts to drinking water due to
Army operations.

An off-post well survey was completed for an area 1-mile downgradient using readily available information
from the Georgia water well database. County records were reviewed to identify wells that may not be
included in the state database, and relevant parcels were reviewed to compile a list of property owners.
Finally, available groundwater modeling reports (i.e., United States Geological Survey reports or other)
were reviewed for the area.

Select off-post private potable wells may be recommended for future sampling based on the
understanding of the relationship between on- and off-post hydrogeological conditions. If such wells are
identified for future sampling, community outreach and notification will be coordinated between the Army
PA/SI team, FST, Headquarters of the Department of the Army, and USAEC Divisions. If off-post private
potable well sampling occurs, the results of the event will be presented in a letter report that will be
included in a subsequent addendum.
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9 CONCLUSIONS AND RECOMMENDATIONS

The PFAS PA/SI included two distinct efforts. The PA identified AOPIs at FST based on the use, storage,
and/or disposal of PFAS-containing materials, in accordance with the 2018 Army Guidance for
Addressing Releases of Per-and Polyfluoroalkyl Substances (Army 2018). The Sl included multi-media
sampling at AOPIs to determine whether or not a release of PFOS, PFOA, and/or PFBS to the
environment occurred.

OSD provided residential risk screening levels based on the USEPA oral reference dose for PFOS,
PFOA, and PFBS in soil and groundwater (tap water) and industrial/commercial risk screening levels for
PFOS, PFOA, and PFBS in soil (Appendix A). A combination of document review, internet searches,
interviews with installation personnel, and an installation site visit were used to identify specific areas of
suspected PFOS, PFOA, and PFBS use, storage, and/or disposal at FST. Following the evaluation, 13
AOPIs were identified.

The Army performed PFAS sampling in February 2014 and August 2014 at Main FST Well #3 and Main
FST Well #5; PFAS-constituents were not detected (IMCOM 2018). The Army also performed PFAS
sampling in September 2016 at 14 wells within the installation boundary for FST; PFOS, PFOA and PFBS
were not detected (IMCOM 2018). The Army performed a similar water supply well PFAS sampling event
in December 2019 and PFOS and PFOA were not detected (Fort Stewart 2020).

All AOPIs were sampled during the Sl at FST to identify presence or absence of PFOS, PFOA, and PFBS
at each AOPI. The SI scope of work was completed in accordance with the Final PQAPP (Arcadis 2019)
and the FST QAPP Addendum (Arcadis 2020a).

Twelve AOPIs had detections of PFOS, PFOA, and/or PFBS in groundwater and nine AOPIs exceeded
OSD risk screening levels. The highest PFOS, PFOA, and PFBS concentrations in groundwater were
observed at the Fire Station 03 AOPI at 360,000 J ng/L, 23,000 J ng/L, and 6,200 J ng/L, respectively.

Seven AOPIs had detections of PFOS and/or PFOA in soil and two AOPIs exceeded OSD risk screening
levels. The highest PFOS and PFOA concentrations in soil were observed at the Fire Station 03 AOPI at
0.19 J mg/kg, and 0.0024 J mg/kg, respectively. PFBS was not detected in soil at any of the AOPIs.

One AOPI (Vehicle Fire 02) was sampled for PFOS, PFOA, and PFBS presence in surface water, but
none were detected.

Following the SI sampling, 12 of the 13 AOPIs with confirmed PFOS, PFOA, and/or PFBS presence have
complete or potentially complete exposure pathways. The following exposure pathways are complete or
potentially complete:

e The soil exposure pathways for on-installation site workers are complete at seven AOPIs, where
PFOS, PFOA and/or PFBS were detected.

e The soil exposure pathways for on-installation site workers are potentially complete at one AOPI
where soil was not sampled.

e Due to a lack of land use controls off-installation and downgradient of FST, the groundwater
exposure pathways (via drinking water ingestion and dermal contact) for off-installation receptors
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are also potentially complete for on-installation site workers and residents and off-installation
receptors at 12 AOPls.

e Surface water is not used for drinking water at FST, however recreational users could contact
constituents in surface water and sediment via incidental ingestion and dermal contact on-
installation and off-installation recreational users at eight AOPIs.

¢ The sediment exposure pathways (via drinking water ingestion and dermal contact) are
potentially complete for on-installation and off-installation recreational users at eight AOPIs.

Although the CSMs indicate complete or potentially complete exposure pathways may exist, the
recommendation for future study in a remedial investigation or no action at this time is based on the
comparison of the Sl analytical results for PFOS, PFOA, and PFBS to the OSD risk screening levels
(Table 6-2). Table 9-1 below summarizes the AOPIs identified at FST, PFOS, PFOA, and PFBS sampling
and recommendations for each AOPI; further investigation is warranted at FST. In accordance with
CERCLA, site-specific risk will be assessed during a future phase to evaluate whether remedial actions
are required.

Table 9-1 Summary of AOPIs Identified during the PA, PFOS, PFOA, and PFBS Sampling at FST and
Recommendations

PFOS, PFOA, and/or PFBS
detected greater than OSD Risk
Screening Levels?

AOPI Name (YeSINOINDINs) Recommendation

Fire Station 01 No ND NS No action at this time

Fire Station 03 Yes Yes NS Further study in a remedial investigation

Current AFFF Storage Yes No NS Further study in a remedial investigation

Fire Station 05 Yes No NS Further study in a remedial investigation

Quarterly Crash Drill Yes Yes NS Further study in a remedial investigation

Area

Taxiway E Yes No NS Further study in a remedial investigation

Wright Army Airfield Yes No NS Further study in a remedial investigation

FTA (FST-013)

33R Approach Yes ND NS Further study in a remedial investigation

Former AFFF Storage Yes ND NS Further study in a remedial investigation

Post South Central ND NS NS No action at this time

Landfill

Vehicle Fire 01 No ND NS No action at this time

Vehicle Fire 02 No ND ND No action at this time

Building 1838 Yes No NS Further study in a remedial investigation
Notes:

Light gray shading — detections greater than the OSD risk screening level
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GW - groundwater
ND — non-detect
NS — not sampled
SO - sall

SW - surface water

Data collected during the PA (Sections 3 through 5) and Sl (Sections 6 and 7) were sufficient to draw

conclusions and recommendations summarized above. The data limitations relevant to the development
of this PA/SI for PFOS, PFOA, and PFBS at FST are discussed below.

Records gathered for the use, storage and/or disposal of PFAS-containing materials were reviewed
during the PA process. Documentation specific to AFFF may have been limited (e.g., each AFFF use;
procurement records, documentation of AFFF used during crash responses or fire training activities) due
to lack of recordkeeping requirements for the full timeline of common AFFF practices. Anecdotal accounts
of AFFF use (and therefore likely PFOS, PFOA, and PFBS use) were limited to available installation
personnel, whose knowledge of AFFF use may have been restricted by their time spent at the installation
or previous roles held that limited their relevant knowledge of potential AFFF (or other PFAS-containing
material) use.

An off-post well survey was completed for an area 1-mile downgradient using readily available information
from the Georgia water well database. County records were reviewed to identify wells that may not be
included in the state database, and relevant parcels were reviewed to compile a list of property owners.
Available groundwater modeling reports (i.e., United States Geological Survey reports or other) were
reviewed for the area. On location surveys or sampling were not conducted. Finally, the available PFOS,
PFOA, and PFBS analytical data for drinking water is limited to results from on-post drinking water well
sources, not residential wells or aquifers other than where drinking water wells are screened.

The searches for ecological receptors and off-post PFOS, PFOA, and PFBS sources were not exhaustive
and were limited to easily identifiable and readily available information evaluated during the relevant
documents research, installation personnel interviews, and site reconnaissance.

Available PA/SI data, including PFOS, PFOA, and PFBS, is listed in Appendix O, which were analyzed
per the selected analytical method.

Results from this PA/SI indicate further study in a remedial investigation is warranted at FST in
accordance with the guidance provided by the OSD.
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ACRONYMS

°F

%

AFFF
AOPI
Arcadis
Army
bgs
CERCLA
CSM
DoD
DPT
DQO
DUSR
EB

EDR
ELAP
FST

FTA

GIS

GW
HAAF
IDW
IMCOM
installation
IRP
LC/MS/MS
LOD
LOQ
mg/kg

degrees Fahrenheit

percent

aqueous film-forming foam

area of potential interest

Arcadis U.S., Inc.

United States Army

below ground surface

Comprehensive Environmental Response, Compensation, and Liability Act of 1980
conceptual site model

Department of Defense

direct-push technology

data quality objective

Data Usability Summary Report

equipment blank

Environmental Data Resources, Inc.
Environmental Laboratory Accreditation Program
Fort Stewart

fire training area

geographic information system

groundwater

Hunter Army Airfield

investigation-derived waste

Installation Management Command

United States Army installation

Installation Restoration Program

liquid chromatography with tandem mass spectrometry
limit of detection

limit of quantitation

milligrams per kilogram (parts per million)
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ND non-detect

ng/L nanograms per liter (parts per trillion)

NS not sampled

OsD Office of the Secretary of Defense

PA preliminary assessment

PFAS per- and polyfluoroalkyl substances

PFBS perfluorobutanesulfonic acid

PFOA perfluorooctanoic acid

PFOS perfluorooctane sulfonate

POC point of contact

ppm parts per million

ppt parts per trillion

PQAPP Programmatic Uniform Federal Policy-Quality Assurance Project Plan
PWS Public Water Sources

QA quality assurance

QAPP Quality Assurance Project Plan

QC quality control

QSM Quality Systems Manual

RSL Regional Screening Level

Sl site inspection

SO soil

SOP standard operating procedure

SSHP Site Safety and Health Plan

SW surface water

TGl technical guidance instruction

TOC total organic carbon

uU.S. United States

UCMR3 third Unregulated Contaminant Monitoring Rule
USACE United States Army Corps of Engineers
USAEC United States Army Environmental Command

USEPA United States Environmental Protection Agency
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UXxo unexploded ordnance
WAAF Wright Army Airfield

WWTP wastewater treatment plant

49



TABLES




T 40 T 98ed

pleuiy Awy 1yBUAA 18 ealy Bulule] aii4 Jawlod ‘€L NINMS ‘UBld UOIOY 8AII0BLI0D 6107 JeaA Jepusie)

:$921n0g

sohk = A

Buises jo doy = DOL

apuojyd JAuinijod = OAd
ou=N

uoneoyuspl =

eale Bujuiely aily - V14

o0 =Y

Buised jo doy mojaq = 20iq
aoeuns punolb mojaq = sbq
[9A8] BSS UBSW SAOQE = |SWe
1saJajul [enpuajod Jjo eale = |dOV

(N/A) (sbq
juawdinbg ) jeAsaiu|

pajeslpeq paudaldg

(1swe 3y)
uoljeAs|3

ool

(sba u)
ydaq

II°M [ejol

[elId)e\ UOIIONIISUOY |I9M

ajeq (sayoui)
9dIAI9g U]  Jajawelq
pade|d IIsM lI°M

s|ge|ieAe jou = --
:S3JON
N 9¢ZL-9¢ S0 LYy 0Ll OAd 8002/62/G Z 709 d8L-MIN-1S4d (€10-184)
\AE
N L'GL-1'G 99'6Y 0’8l ONd €002/1/. 4 6'8 L-MIN-LSH | playany Awy 3uBupn
N €lL-g umouxun 0g8'cl OAd umouxun c €6'9 6N-OS-VMO | (L00-1S4) I4pue
[elue) ynos jsod
N 8¢ -8¢ umoumun '8¢ OAd umouxun Z 290l SN-0S-gMO

(003q 1)
193e M ailiem
0} yydaQg

jsaiau|
[enuajod Jo ealy

e161099) ‘JIema)ls 3104

ISIVd SV4d 23vsn
s|ieJa@ uonaNIsuUoY [|9M Butiojiuop - L-9 3qe L




740138

n g€ n 9€ r [43 N 0202/2L/01 02210L-10-MO-24A-1Sd 10-24A-LS4 20 @dld 3jdIyaA
n e r (%3 r [X N 0202/SL/0L 0Z510L-1L0-MO-L4A-LSd 10-LdA-LSd NEFERTRN
- €8 -r L'y -r L8 N 0Z0Z/ELI0L 02€10L-20-M9-31-1S4 20-31-1S4 3 Aemixe |
r 1'e €l 144 N 0202/%L/0L 0Z¥10L-10-M9O-31-1S4 10-31-1S4 3 Aemixe |
- 00v's -r 009'c -r 000°0LL N 0202/vL/0L 02Z¥101-10-M9O-VdD-1Sd 10-vao-1s4 ealy [lug ysesd Auspeno
r 0.6 r 00€'L r 00092 N 020zZ/21/01 0ZZ104-L0-MO-5S4-1S4 10-6S4-1S4 S0 uones a4
r 00Z‘9 r 000°c2 r 000°09¢ N 0z0zZ/EL/0) 0ZELOL-LO-MO-ES-1Sd 10-6S4-184 €0 Uonels aul4
s §'L +r L8 ad 020Z/24L/0L | 02210L-10-MO-1S4-1Sd / 02Z10}-10-MO-A4-1Sd
€S 0L +rg L8 N 0z0z/21/01 02Z104-1L0-MO-1S4-1Sd Horisdlsd +0 uonEIS B
r 009°L r 0Ll r 092 N 0202/21/01 022104-10-MO-VSV4-1S4 10-YSY4-1S4 ealy 86el0)S 344V Jouuo
n 004 r 00L'y ] 00028 N 020Z/€1L/01 0ZELO}-L0-MO-SO-LSd 10-80-1S4 8belols 444V Juaung
SL 0S1L 144 N 0202/v1/01 0Zv101L-10-MO-8€819-1S4 10-8€818-1S4 8€81 Buipiing
n 9¢ r €T 0’8 N 020Z/€1L/0) 02€101-20-MO-He€e-1S4 20-¥ee-184 yoeouddy Hee
r 59 r 06€ r oLy N 020Z/€1L/0) 0Z€10L-L0-MO-HeE-LSd 10-H€€-1S4 yoeouddy yee
r 96 r 00S°‘L r 00082 N 0202/tL101 027L04-L0-MO-YYM-LSd L0-YYM-LS4 (£10-1S) V.Ld plawiy Auuy yBum
n 061 r 00L°L r 000°9L N 0202/tLI0L 0Z¥10L-48)-MW-1Sd H8L-MIN-LSH (£10-LS) Y.L plawiy Auuy 1ybum
r 0oL r 0zs r 0008k N 0202/tL10L 0Z7104-LL-MA-LS4 LL-MIN-LSH (£10-LS4) Y.L Plawiy Auuy 1ybum
n 8'c n 8'€ n 8'€ N 0202/SL/0L 02510L-6W-0S-8MO-1Sd 6N-0S-8MO-LSd (100-LS4) llypueT [euad YNos jsod
n : 9'¢ N 0202/S4/0L 02510L-SW-0S-8MO-1S4 SN-0S-8MO-1SH (L00-LS4) llypueT [enuad YNOS 3sod

nsay

(1/6u) sg4d

Jnsay

1/6u) vOdd

3nsay

1/6u) SO4d

adA} sjdweg

ajeq ajdwesg

al aiduweg juased / q) sidwes

uopeso]

1dOV pajerdossy

elbioag) ‘Pema)g Hoo
uonoadsu| a)IgauBWISSassy Aleulwldld SY4d O3vSN
slinsey [eoNAleUY SE4d PUE 'YOLd ‘SO-d J8jlempunolg - |-/ jqeL




740z 9ded

“(D07) uoneyuenb Jo JwidY} SA0CE PLJIB}AP JOU SEM }NSAI BY) Jng Joj pazAjeue sem a)kjeue ay)

*Mo| paselq 8q Aew }nsal ay} ‘Ayyuenb pajewse ue s| }nsal ay)

‘ybiy paselq aq Aew jnsai ay} ‘Ayyuenb pajewnysa ue sijnsal 8y

Ajuo uoNEeUSDUOD PAJeLIISS UB S| SN|EA [EDLISUNU PAJEIDOSSE dY) JaAamoy ‘palijuapl Ajoaisod sem ajkeue ay |

‘MO| paselq aq Aew }nsal {%00f Uey) Jojealf sem A1an00a1 plepuels [BUIBIUI PaJOBIXS BY] "uonn|ip A1epuodas e woly papodal Jnsay
*y8iy paselq aq Aew 3 nsal 3y} ‘UOIIBUILIEIUOD YUB|G POYIBA

uonduasag

+rg
Ja1end

Jayienb = jenp

ajeuoy|ns auejoooson|yad = SO4d

pioe ojouejooolonjyad = yO4d

pioe ojuoynsauejnqoonjyad = sg4d
saouejsqns |Ayjeosonpfjod pue -1ad = Sy4d
(uonj1 J12d sped) say Jod swesBoueu = /6u
a|dwes fewnd = N

uonesynuap! = a|

ajdwes ajeaidnp pjay = a4

eaJe Bujuren auy =14

JsaIa}ju] [BJULJO JO BALY = |dOV

weoy Buiwioy-wy snoanbe = 444y
a|qeoidde jou = --
:suoneIAaIqqy/swAuoioy

*(Jaquiaydag ‘wieaboid dnues|) asuaje( jo Juswiedaq ay) uiylim sasueysqng |Ayjeolonphjod pue
-1ad Bunebiysanu| :wnpuelowsaly ‘1LZ0Z ‘ASO) ‘SIaAs| Buluaaias ysu (QSO) asuajaq o A1ejai2ag ay) Jo 31O 1LZ0Z Y} uey) 1ajealb pajoajap Sem }Nsal ay) ajesipul sanjeA papeys £ai9 'z
*U01303}ap 4O JIWI| 3y} Uey) Jajealb pajoajap SeM }INsal ay} ajedlpul sanjeA papjog ‘|

:S3JON

©e161099 ‘Lema)s Ho4
91d SVYdd O03vsn

BISHE] ssy Ale

slinsey [EoNAlEUY SEd PUE 'YOLd ‘SO-d J8lempunoig - |-/ jqeL



T 40 T 38ed

(D0O7) uoneuenb Jo JWIBY) SAOJE PaJOS}aP JOU SBM }Nsal 8y} Ing Joj pazAjeue sem a)k[eue ay | n

*MO| paselq aq Aew Jnsal sy ‘Ayjuenb pajewi}ss ue sl ynsal sy

AjUO UONEIUBOUOD PaeWSS UE S| SN|eA [eolaWNU PaJeIOSSE ay} JaAamoy ‘paiuapl AloAnisod sem sjkjeue ay |
*abuel uoneIqIed B} JO JWI| Sy} A0 SI JNsal papodal sy

uonduosaq

@jeuoy|ns auejooolonjad = SOdd

pioe slouejsoosonipad = YO4d

pioe osluojjnsauejngqosonipad = Sg4d
saouejsqns |Ayjeosonpyhjod pue -1ad = §y4d
a|dwes Asewnd = N

(uoljiw sad sped) weabojiy Jad swelbijjiw = 6y/6w
uonesyiuspl = Al

eale Bujuiesy auy =14

ajdwes ajeoldnp pjay = a4

3sasajul eijuajod jo eale = |dOV

weoy Buiwioj-wiy snoanbe = 444y
:suonelralqqy/swAuoioy

*OLIEUSDS |BIJUBPISAI PUE [BIDI3WIWOD/[BLI}SNPUL Y} 10} [9A3] Buluaaids ysi 4SO aY) uey) 1ajealb

pajoajap Sem J|nsal ayj) ajesIpul SanjeA pazidl|e)| ‘0lIBUSIS [eljuaplsal ay) 1o} [9A3] Buluaaios ysii SO @Y) 0} [enba 1o uey) 1ajealh pajosjap sem }nsal ay} ajeslpul sanjeA papeys Aai9 ‘¢
*(1aquiaydag ‘weiboid dnues|) asuasja( jo Juswpedaq ay} ulypm sasuejsqng |Ajjeolonpyhlod pue -1ad Bunebisaau|

:wnpuesows) (LZ0Z ‘ASO) OLBUSIIS [ELIISNPUI/|BIDISWIWOD pue [eljUapISal aY} 10} S|aAd] Buluaalos ysi (QSO) @suajaq Jo A1ejaldag ay} Jo adl0O LZ0Z 3y} 0} pasedwod ale ejeq ‘g
uoI}93}ap JO Jwi| dY} uey} 1ajealb pajoalap SeM Jnsal ay) ajedlpul sanjeA papjog ‘|

(B3/Bw) sg4d

:S9)ON
n 01000 n 01000 n 01000 N 020z/ZL/oL 0¢¢l0L-10-0S-¢4N-1S4 10-¢dA-1S4 20 314 3OIYsA
n 880000 n 880000 n 880000 N 0202/SL/0L 02510L-10-0S-L4A-1Sd L0-LdA-1S4 10 8114 3|2IYsA
n 60000 n 60000 21000 N 0c0z/eL/0L 02€L01-¢0-0S-31-1S4 20-31-1S4 3 Aemixe |
n 21000 n 21000 n 21000 N 0c0Z/vL/0L 0Z¥710L-10-0S-3L-1S4 10-31-1S4 3 Aemixe |
n 21000 2000 10 N 020Z/vL/0L 0Z¥10L-10-0S-vAD-1S4d 10-vaO-1S4 ealy ||liq yseld Aepeno
n 11000 110070 1100 N 0c0z/zL/oL 02¢10L-10-0S-GS4-1S4 10-GS4-1S4 GO uonelg all4
n 7¥00°0 r 2000 r 610 N 0c0z/eL/0L 02€10L-10-0S-€S4-1S4 10-€S4-1S4 €0 uonels all4
n o_.oo.o n oroo.ﬁv n oSo.o N 0c0z/gL/oL 02¢10L-10-0S-1S4-1S4 L0-1S4-1S4 L0 UonEIS Bi4
n 160000 n 160000 n 160000 ad 0c0oz/gL/oL 02¢10L-10-0S-1S4-1S4/022101L-10-0S-a4-1S4
n 11000 n 11000 n 11000 N 0c0z/gL/oL 02¢10L-10-0S-VYSY4-1Sd 10-VSV4-1S4 ealy 96eI0}S 44V JouLo4
n /G000 n /15000 r 990°0 N 0c0z/eL/oL 02€10L-10-0S-SO-1S4 10-SO-1S4 abel0}s 444v uaun)
n /60000 r S000°0 €200°0 N 0c0Z/vL/0L 0Z¥10L-10-0S-8€819-1S4 10-8€819-1S4 8¢81 buipjing
n 01000 n 01000 n 01000 N 0c0z/eL/0L 02€1L0L-20-0S-dee-1S4 20-d€e-1S4d yoeoiddy Hee
n 980000 n 980000 n 98000°0 N 0c0z/eL/0L 02€L0L-10-0S-dee-1S4 10-4€€-1S4 yoeoiddy Hee
n 280000 n 280000 n 280000 N 020Z/vL/0L 0Z¥101-20-OS-VYVM-1Sd 20-YVYM-1S4d (£10-1S4) V.14 ploiiy Awy ybum
n 880000 S1L00°0 1,000 N 0c0Z/vL/oL 0Z¥7L0L-10-OS-VYVM-1Sd 10-VVYM-1Sd (€10-1S4) V.14 ploIHY Ay b

}nsay }nsay adA] sjdweg

|oAe7 Bulusaiog
ASIY [enuapisay SO
ajeq ojdweg al e1dweg juaied | g ajdwes uopeso 1dOV pajeroossy
|oAe7 Buluaaiog ysiy
|elosawwod/jewsnpul dso

(B3/Bw) VOdd (6%/6w) sO4d ajkjeuy

e161099 ‘Yemals Ho4
uonoadsu| sjigauswssassy Aleulwijaid SY4d 23vsn
s)nsay [evjfjeuy SG4d PUe ‘VOdd ‘SO4d 110§ - Z-L alqel



140 T a8ed

(D0O7) uoneyuenb Jo JwijaY) A0QE PaJOSBaP JOU SEM }JNsal By} Ing 1o} pazAleue sem ajkjeue ay | n
uonduoasag Jayienp
Jaylenb = jenp

@jeuoy|ns auejooosonjad = SO4d

p1oe sjouejooosonjad = yO4d

p1oe sjuojinsaueinqolonjuad = Sg4d
saouejsqns |Ayjeosonpyhjod pue -1ad = Sy4d
(uoii3 42d sped) 191 Jad sweisBoueu = 7/6u
a|dwes Arewpd = N

uopeayuspl = al

}saidju| |eudlod jo ealy = |dOV

a|qeoljdde jou = --

:suoneIAdIggY/SWAUOIOY

*(t1aquiaydag "weiboid dnues|) asuaja( jo Juswiiedaq ayj uiyym sasuelsqng |Ayjeosonpyhjod pue -1ad Bunebysaau|

:wnpuelowsay ‘1.Z0Z "dSO) ‘SIoAd] Buluaaias ysu (QSO) asuaja( o A1e3a109g ay) Jo 21O 1.Z0Z Y} uey) Jajealb pajosjap sem jjnsal ay} ajeslpul sanjea papeys Aaio 'z
*uo1393)3p JO JWi| 3y} uey) 1ajealb pajoa)ap Sem }nsal sy} ajedlpul sanjea papjog °|

:sajoN

n 9'¢ n 9'¢ n 9'¢ N 0202/2L/01 02210L-10-MS-ZdA-1S4 10-24A-1S4 20 8l 8pIysp
)nsay )nsay )nsay adA} sjdweg

1anaT
Bujuaalog ysiy | ajeq ajdwesg @l ajdweg juaied / q| a|dwes I |dOV pajeloossy
J3yemde] dso

/Bu) sg4d (7/6u) s04d ajAjeuy

e161099) ‘emals Ho4
uoijoadsuj ajigauUawWsSsassy Aleuiwijald SY4d 23vsn
s)Insay [eanhjeuy Sg-4d PUB ‘VOd ‘SO-d 4191EM 90BHNS - €-/ d|qe L



FIGURES




YHON /1 8U0Z NLN ‘¥861 SOM
:weysAg ejeupioo)

ejeq depjeans ‘auluo SID2IY 14S3
5002 ‘eled SI9 ‘03vsn
:$90.n0S ejeq

Aiepunog uoiejesu D

puaber

uopeso as
1-Z @anbi4

VO ‘Hema)g Jo4
uonoadsuj ayg
| Juawissassy Ateujwijaid
Sv4d 23vsn

ajanoyyem

a||IAsauIH

II1H PuowyIy J— >

yeuueAaeg

l1qel3

ayoiquag

elb1099

uojxe|n

a|lIAuLLID




YMON /1 ®uozZ ALN ‘¥86L SOM
:wasAg ajeulpiood

eleq dep3eals ‘auluo SIDDIY [¥S3
6102 ‘B1ed AHN ‘'SOSN

8102 ‘SlIsM ‘Hemals o4
S00Z ‘eled SI19 ‘03vsNn
1$92IN0S ejeq

II9M Jorep Bunjung uoneleisul @
Apog Jeyep Ww
(Juepiwialu|) weans —~ ~
(leluuaiad) Weang/IdAly —

Aiepunog uonejieisuj D

puabar

jnoke] apg
Z-z aunbiy

V9O ‘Uema)s uoy
uoljoadsuj ajg
/ Juawissassy Aieujwijaid
Sv4d 23vsn

&
Rt

8\ (p v

\4 Wa«/mmyo o9Udf* .
Y .
b
Vo elar

AN\ RIS«
N o)

%

&

A~

S ieald siojfer

\/, \.\.—n
@

< /
Yoy S
2

oo§0l




YHON /1 ®uozZ WLN ‘861 SOM
:wa)sAg ajeulplood

sdepy odoy ySN ‘auluO SIDAIY 1¥S3
610 ‘€1 QHN ‘SOSN

S002 ‘eled SI9 ‘03vsn

1$821N0S ejeq

(108y) JnoJU0D UoneAs|T N\
Apog Jeyepmy Q
(Juapiwialu]) weas}s — -~ ~
(leluuaiad) Weang/Idnly —~— -~
Aiepunog uonejieisuj D

puaban

Aydeisbodo] ayg
¢-Z @inbi4

V9O ‘Uema)s uoy
uoljoadsuj ajg
/ Juawissassy Aieujwijaid
Sv4d 23vsn

&

Ty 7
Y -

FT seun 55 % w ;wq,v o
| C——— - o
. 0 ~ :
: 0g-

] XY e %

A Aol ‘x

s A IPISY

vz




YHON /1 8U0Z NLN ‘¥861 SOM
:waysAg sjeupioo)

ejeq depjeass ‘auluQ SIDAIY [¥S3
6102 ‘®180d GHN 'SOSN

810Z ‘Bied II9m '¥a3

S00Z ‘eled SI19 ‘03vsn

1$82IN0S ejeq

"9SN UMOUNUN U)IM S||oM SE [|9M SE ‘S||om
uoneBiul apnjoul sjjom asn pajeubisap Jayl0

“s|jom [edolunw pue
|leuonnysul spnul sjjam Ajddns a1ignd Jayi0

:S3JON

19 1M 9sn pajeubisag Jay0 -

II8M dusewog o

oM Alddng oljand 1oy @

lIoM Alddng welsAs Jslep dlland - @
uonoalIg MO J8}BMPUNOIS) [BISUSD) s
UoR0AIIQ MO|- JOJBA\ BOBUNS [BISUSD ==
Apog Jerlem < ¢
(JuepiwIalu|) Wesns — -~ ~

(leluualad) WeanS/IoAY —~~
snipey aln-s )
Arepunog uonejesu D

puabar

slloM @|qejod 3sod-H0
y-z @1nbi4

V9O ‘Uema)s uoy
uoljoadsuj ajg
/ Juawissassy Aleujwijaid
Sv4d 23vsn

b\[w' 7

)

J.J»xz

ds 3700 3 h).\;zo_m_>_nm:w.wmmu<.z g

e

STV zm~_~_<m EL

\/ V- ¥I VLN

NoIsIAlaans ZO_._.<._.Z<4m Adllva

. Ny P
@\mxmog y3lvme =g

A HLNOS I<zz<><w .9
~ ® N TTIH ANOWHDIY-40-ALID

/
om.mwo.w; o_._.z<._._.< K
L M
dINVI-ONIHSIH'S: m>0._

SINiv4 39HH3390-SM DLINYILY )

\ 1y W, L
€ VINVIdNHOIN ITLLIT0D WYHLYH
= ER¥vd INOH TISON SSOA. N
“avd ms_o: 31190 STUOVAQVHS

Jx GNNONOJINY STOOM Iy 1138
. ® NOISINIGENS FOVTTIA FuIVTI3E
MWV IWOH T IGONEZITHAVIS (

N

1S3 ITADUV-SM U_._.z<._._.< A

P &

.‘jwm._.<._.wm AAISYIAR-SM JILNVILY

N L

SM DILNVILY @ | =, .

¢ Rarne 45@/

Vd ms_O: IS0 NYOHON:-

INV1d m._.czn_ew_n_ Oz_n_.__:m_.unﬁ mX

N0,

o
\ver

vz(

hee R
N

S,

o Oe
i
r b

=/, - N *

* XSIUMILNINOWHONYT I mvezw.\k.ﬁ
me._E._,Wzo:uomS @, B 7 58
SINId SIAII0-SM DLLNVILY g

L SN

18
i-
v°

Mivd IWOH m.:mOs_ m._.<0._.wm>>
ow ww_._.w_mn_Ov._n_ s1y390d
> @

\/\ﬁﬂA

e’
vz,

9N\

m!Ow_ms_mmimu AL
mv_Omms_mn_hue >/b_0

3 '

ﬂ A

ars ws_z ED xmmma.u\zo<4mu4h$0m«.
x~_<n_.ms_O: Enli[o] |k SN,

v_~_<n_ JNOH TTIIOW XITHI SHOTAVL

X
W@EE ERATRYETNE s R
D) . %
< P %
MAVd ¥IIVHL-LSTIOTTH 7 0. )
~ aN — 3 ow:
ONS )
®-, =

P HUVd-INOH 37190 a1314¥33a

7N tea) siofel:

A~k

=\ SN T
iVd INOH ITUFON.SdITiIHd

N UM

Mivd ANOH 390N w>>0n_<ms_ AYINNOD

: oy
po \&A‘@/xzsu 3JNOH m...mOE.w..(nx(O

o 4

s

’ 1985

)
y\wwxo

l\\cm‘u\

mxuo_m

2019,

A N
N8
8%9 ) <
S%V 23
[er

LEEYe) oy,
s




YHON /1 ®uoZ NLN ‘¥86L SOM
‘waysAg 8jeuIpioo)

ejeq dep1eaus ‘auluO SIDDIY 14S3
6102 ‘B1ed AHN ‘'SOSN

810z ‘Bled llsm “¥a3

8102 ‘e1ed II9M ‘Hema)ls o4

S00Z ‘eled SI19 ‘03vsNn

:$80IN0S eleq

“9SN UMOUSUN UM S|[oM SE [[oM SE ‘S|[om
uoeBLLI apnjoul s|lom asn pajeubisap JaUI0

's|jom [edidiunw pue
leuonnnsul apnjoul sjjam Ajddns aignd Jayio

:S9JON

eale Bulules) auly = 14

jsalajul |enusjod Jo eale = |dOV

wJoy Bujwioy-wjy snoanbe = 444y

119 Joyep asn pareubisaq JByi0

oM onsawog e

IIPM Alddng oljand Jeyio @

oM wosAg Alddng Jsjepm dlland - @

[I9M J81ep Bunjuug uonejeisu] @
Uo98IIQ MO|S J8}EMPUNOID MOJ[BYS s
uoRoBIIQ MO|H JBJBA S0BUNS =
Apog 1eyepy < ¢
(juaniwialu]) weansg —~.~

(leluusiad) Weang/Iany — o~

uoyeoo |dov W

A1epunog uoe|esu D

puaban

Hema)g Hod je
sIdOV 0 ojoyd |eudy
Z-G 2nbiy

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Aleujwijaid
Sv4d 23vsn

L0 @14 2|21yaf’

20 2114 9|dIYaA

S9N

\\A;/omoa% uee
v ) ®

V9 lIsM

3 Kkemixe)

—

L0 8414 BJ91YBA

€0 uone)s a4 \4/

/

/

@80 10
abe10}g 444V JuaLIny

|
AN

N 2
V (£10-1S4) V14 PIoBIY AUV UBLM o) jons
1Q ysesd Auepend

o ®

-allASauIH Jo A0

____—  @EtV9alnsauly

[SiltAsaulH jo Auo

G0 uonelsg all4

obelo}g 444V 1owio4

N

AN

L

®

18umO_ajeAud

@®
059G JemoL
FEIETY

MHVd JWOH 3190 IOVLINTH,

C]

1904
|m— ]
0007 000 O

@®

MHVd JWOH ITISON HONVIN AHOLDIA

[

%@%\Q

®
€ llem

@

7 gllem

/

V/ B
2 y

v

geal Bupung ¥ b0 uonels iy

(100-LS4) liypue] [esued ynosy

1
s'isod
P v

oL
)




YHON /1 ®uoZ ALLN ‘786 SOM
‘wa)sAg sjeulpioo)

AKisbew] [epsy ‘BUIUO SIDAY 1¥ST

S00Z ‘eled SI9 ‘03vVSN
:$901N0g ejeq

Jsasayul [enusjod Jo eale = |dOY

Idov [_]
A1epunog uonejjelsu D

puabar

IdOV 10 uoness ail4
Jo ojoyd [eudy
€-G aunbi4

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

00}

1004

0S 0

L0 uonjeys all4




YHON /1 ®uoZ ALLN ‘861 SOM
‘wa)sAg sjeulpioo)

€10z “febew |eusy ‘yue3 s|6oo
5002 ‘eled SI9 ‘03vsN
:$90In0S ejeq

jsaueul [enusiod Jo eale = |dOY
weoy Buiwioj-wily snosnbe = 444y

idov [_]
Aiepunog uonejieisuj D

puabar

sidOV 9beiois 444V Jua.ung
pue g0 uolje)s ail4
jo ojoyd [eldy
-G 2.nbi4

VO ‘Hema)s Jo4
uonoadsuj ayg
| Juawissassy Ateujwijaid
Sv4d 23vsn

00k

1094

0S

€0 uonelg ailg

abelo}g 444V juaiiny




YMON /1 ®uoZ NLN ‘861 SOM
‘woysAg 8jeuIpioo)

510z “febew |eusy ‘yue3 |6oo
610Z ‘B1ed AHN ‘S9SN

500z ‘eed SI9 ‘03vsn

1$92IN0S ejeq

Jsa19)ul [enusjod Jo eale = |[dOV

(leluusiad) Weans/Ianly ~— o~

1dov [_]
Aiepunog uonejesul D

puabar

IdOV S0 uones a4
jo ojoyd [eldy
G-G aunbi4

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

00k

1994

0S 0

G0 uonejs ail4




YMON /1 ®uoZ ALLN ‘7861 SOM
‘waysAg 8jeuIpiood

ejeq depjoauns ‘auluO SIDOIY 1¥ST
6102 ‘eled AHN ‘SOSN

S00Z ‘eled SI9 ‘03vVSN

:$90IN03 ejeq

3 Aemixe]
Jsaua)ul [epuajod Jo eale = |dOV

(leluualad) Weans/Iany —n n~

Idov [_]
Aiepunog uonejesul D

puabar
ealy ||14g ysedd Apaypenp

sidOV 3 Aemixey
pue eaay ||1ug ysead Aayuenpd
jo ojoyd |euay
9-G aunbiy

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn




YMON /1 ®uozZ ALN ‘¥86L SOM
‘waysAg 8jeuIpioo)

AisbBew [euay ‘auljuQ SIDIY [YST
8102 ‘Bled II9M ‘Hema)s 1o

S00z ‘eled SI9 ‘03vsn

:$901N03 ejeq

eale Buiuies iy = v14
jsalajul [enusjod Jo eale = |[dOY

IlBM Bulojuopy @

puabar

IdOV (€10-1Sd)
V1d plepay Auuy 3yBrp
jo ojoyd |eusy
LG aunBiy

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

00k

1094

0S

(€10-184) VL4 pleuAY Awly 3yBum




YHON /1 @uozZ ALN ‘¥861 SOM
‘woysAg 8jeuIpiood

Aisbew| [eusy ‘auluQ SID2JY [YST
6102 ‘'Bled @HN ‘sOsn

S00z ‘eled SI9 ‘03vsn

:$901N03 ejeq

Jsasajul [enuajod Jo eale = |dOY

(leluusIad) WeanS/IaAly ~ ~

idov ]
A1epunog uone|eisu] D

puabar

IdOV yoeouddy yee
jo ojoyd |eusy
8- aunbiy

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

}o94

yoeouaddy ygg




YHON /1 ®uoZ ALLN ‘861 SOM
‘wa)sAg sjeulpioo) 1094

G10z ‘fuebew [eusy ‘yue3 sfoos oy 0z 0

S00Z ‘eled SI9 ‘03vVSN
:$901N0g ejeq

JsaJeul [enuajod Jo eale = [dOV
weoy Bujwioj-wyy snoanbe = 444y wmm._on_.w 144V Jowo

1dov [_]

Kiepunog uonejelsu|

puaban

IdOV @belols 444V 1ouwioy
jo ojoyd |euay
6-G 2anbiy

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn




YHON /| duozZ NLN ‘861 SOM
‘wa)sAg 8jeulpioon

AKisbeuw| [eusy ‘auluQ SI9D24V [¥S3T
0202 ‘eieq II9M ‘Hemals Jo4
610Z ‘'B1ed aHN ‘'sOsn

§00z ‘eled SI9 ‘'03vsn
:$90IN0G ejeq

Jsalajul [enusjod Jo eale = |dOY

[P BuLiojuoN @
(leluusiad) Weans/IaAly — o~

idov ]
Alepunog uone|ejsu D

puabar

IdoV (1L00-1S4)
lligpue] [esua) ynog 3sod
jo ojoyd |euay
01-G ainBiy

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

00z

j00

0ol

(1L00-LS4) lIypue [enud) Yinog jsod




YHON Z1 8U0Z NLN ‘¥86L SOM
‘wa)sAg 8jeulpioo)d

AiaBew| jeusy ‘BUluO SIDY [¥S3T
610Z ‘e1ed AHN ‘S9SN

S00Z ‘eled SI9 ‘03vSN
:$90IN0S Ejeq

Jsasayul [enusjod Jo eale = |dOY

(JuspiIBIU|) WEBNS —or~r

1dov [_]

Asepunog uone|eisu|

puabar

IdOV 10 3414 3|21YyaA
Jo ojoyd |eldy
LL-G 2inBi4

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

oy

1094

0C

10 2414 3|91yaA




YHON /1 8uozZ NLN ‘861 SOM
‘wa)sAg sjeulpioo)

510z ‘Aebew [eusy ‘yue3 oifoon

§00z ‘eled SI9 ‘'03vsn
:$921n0G ejeq

jsalajul [enusjod Jo eale = |[dOY

puaban

IdOV 20 2414 3|91YyaA
Jo ojoyd |euay
Z1-G aunbi4

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

1004

oy

0C 0

20 114 3|91yap




YHON /1 9uoZ ALN ‘¥86L SOM
‘wa)sAg sjeulpioo)

510z “febew |eusy ‘yue3 s|6oon

S00Z ‘eled SI9 ‘03vVSN
:$90IN03 ejeq

Jsauaul [enusiod Jo eale = |dOY

puabar

IdOV 8¢81 Buipiing
jo ojoyd |eusy
€1-G ainbiy

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

oy

k]

0C

g¢gl Bupjing




YHON /1 ®uoZ NLN ‘¥86L SOM
‘waysAg 8jeuIpioo)

ejeq dep1eaus ‘auluO SIDDIY 14S3
6102 ‘B1ed AHN ‘'SOSN

810z ‘Bled llsm “¥a3

8102 ‘e1ed II9M ‘Hema)ls o4

S00Z ‘eled SI19 ‘03vsNn

:$80IN0S eleq

*8SN UMOUYUN Y}IM S||aM SE [[9M SE ‘S||am
uoljeBlul apnjoul s|jl@m asn pajeubisap 18Ul

*s||em [ediolunw pue
Jeuonniisul apnjoul sjjam A|ddns o1ignd Jayi0

:S9J0N

asuaja( Jo AIeeuoag 8y} Jo 9210 = dSO

eale Buiulel) auy = 14

1sa18Ul [enuaod Jo eale = |dOY

wuJoy Buiwioj-wiy snosnbe = 444y

119\ 191 8sn pajeubisaq Jay0

9 Olisawog e

IIeM Alddng oljand Jey0 @

[I9M walsAs Alddng Jelep dlland - @

19 Jo3ep Bunjuuq uonejeisul @
UONOBIIQ MO JBJEMPUNOID MOJ[BUS e
uofoaIIg MO Jayep) 9BpNS ‘I
Apog serepy < <
(Jusplwlalu|) weans — -~ ~

(leluuaiad) WeaS/IdAIY —~— i~
90UBPadOXT [9AS7]
Bulusa.108 sy 4SO YIM IOV
uoneso |ldov Y

Klepunog uonejejsuy| D

puaban

S90UBPaIIX]
|aAa7 Buluaalog Ysiy dsO

pue suoneso |doV
L-L 3anbi4

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juawissassy Aleujwijaid
Sv4d 23vsn

L0 @14 2|21yaf’

20 2114 9|dIYaA

®

s3]
i 18umO_ajeAud

o ®

-allASauIH Jo A0

\A!\l\l @®@EVO ‘alIAsBUIH

["3ll1AsauIH jo Aio

\\As/omoag uee
v )

V9 lIsM

€0 uonjeys ailg

3 Aemixe]

ealy |114g ysead Apiapenp

10 2414 3|91YdA

G0 uonels allg

obel0)g 444V 1owio4

N

®.a9 Ism
abe10)g 444V Juaung

AN —
AN

v ?.S 1S4) <E playay Away ybum 9L oM

059G JomoL

FEIETY

@® 1904

MYVd IWOH IGO0 IDVLINIH, C————
, [ooo'z 000 0

®
MHVd JWOH ITISON HONVIN AHOLDIA

gegl Buip|ing

v

@
7 s lem
%@%\ Y
Q\\\\» ;
ﬁu_amuw allq
®
€ llBM
- o - /N
N )
QN —~
w
Ssolkel

00!




YHON /1 ®uoZ ALLN ‘786 SOM
‘wa)sAg sjeulpioo)

Aisbew| [eusy ‘auluQ SID2JY [YS3
500z ‘eled SI9 ‘03vsn
:$90IN0S eleq

I10s = OS

ajeuoy|ns auejooosonjad = SO4d
pioe ojouejooosonpad = YO4d

pioe ojuojnsauejngolonipad = Sg4d
Js)empunolb = pO

19y =Y

1saJa)ul [enuajod Jo eale = [dOV

uoneooT burdwes
18)EMpUNOIS) el pPUe |I0S MO||eyS =

1dov ]

AKiepunog uonejeisul ]

puabar

s)nsay |eanfjeuy
S94d Pue ‘vOdd ‘SOdd
10 uonels aild4
Z-L aanbBiy

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

00}

jo94

0S 0

"(007) uoneyuenb Jo i

1| 8y} @A0OQE PBJO8}aP JOU SEM INg Joj pazA[eue sem djAjeue oyl = N
‘ybly paselq aq Aew ynsal ay) ‘Ayjuenb pajewnss ue S| }nsal ay| = +
Joadsns aq Aew a|dwes ayj ul douasald sy ‘Yue|q pajeIdosse S) se ||am se 9| dwes ay} ul punoy usaq sey punodwod ay] =g

‘s1ayllend

*SUOIJOB}OP }eDIpU| SBN[EA pap|og “{
*s}ox0eIq Ul UMOYS ale synsal sjdwes ajeoldng g

*(By/6w) welbojry Jod swelbljjiw ul papodal ale synsal |10S 2
*(71/Bu) 18y Jod swesboueu uj papodal ale s)Nsal JB}JeMpunols) *|

:S9JON
[ L0 uonelg all4
€5 Sgdd
oL VvO4d
+19 LE SO4d
020z/ct/ot a1eq
TO-MO-TS4-154
[N 1600001 N0TO00 | S84d
[N 1600001 NOTO00 | VO4d
[N 1600001 N0TO00 | SO4d
3o yidag
020z/ct/ot B4
T0-0OS-TS4-154
N




YHON /1 ®uoZ ALLN ‘861 SOM
:wasAg ajeulplood JEER] “(D0O7) uoneuenb jo JwWI| Y} SAOJE Pajo8}ap JOU SEM Jng J0j pazAleue sem dlAjeue ay] =
| m— .>_CO uoljesjuaduod
€10z ‘fuebew [eusy ‘yue3 s|foos 0ok 0s 0 pajewl}sa UE S| anjeA [EdLISWNU PAJBIDOSSE 9y} ‘JoAamoy ‘payjuapl Ajaalisod sem ajhjeue ay| =
S00Z ‘eled SI9 ‘03vVSN ‘10edsns aq Aew ajdwes sy}
:$90In0S ejeq ul @ouasaid syl ‘yue|q pajeIoosse s)i Se [[om se 9|dwies ay} Ul punoy usaq sey punodwod ayj = g
sisyilend
"kesb payybiybly aie (Lzoz AsO) 1/6u 009
10 |98 Buluaauos ysi Jayem dey [enuapisal QSO dY} pasdxa jey} Sg4d JO Suonesuasuo) ‘g
"Kesb payybiubiy a1e (Lzo0z aso) By/Bw g1°0
40 |9A9] BuluaaIos Ysu |I0S [eluapisal Jo T/Bu Ot JO [9A8] Buluaalos ysu Jajem de) [enuapisal
(as0) esusjeq jo AIeja108S BU) JO 8OO BU} PE8IXS 1By} YOd PUB SOAd JO SUOHEAUSIUOD "t
*SUOI}09)ap d)edIpul SaN|eA pap|og '€
“(By/6w) weiboyy Jod swelb ul payodal ale s)nsal [10S 2
*(7/6u) 18y Jod sweiboueu ul papodal a1 S}NSal JO}EMPUNOID) |
:S9JON
Ilos = 0S
9)euoyns auejooosonjuad = SO4d
ploe ojouejooolonuad = YOd4d
pioe ojuojnsauejngosonipad = Sg4d
Jayempunoib = p\o
JECTIEST]
1saJ9jul [euajod Jo eale = |[dOVY
weoy Bujwioj-wyy snoanbe = 444y
€0 uoljels allj
uofjeoo Bujdwes
18}eMpPUNOIS) geIS) pue I0S MO||eyS E
idov ] abel10}S 444V Juaiiny
Arepunog uoiejjesu l,
puaban
r00z‘9 Sd4d N 00L Sg4d
s)nsay |eonAjeuy r000°€C VO4d r00Ly VO4d
sg4d pue .<O.n_n_ ‘S04d 000°09€ SO4d €000°2S SO4d
abel10}g 444V Juaiing 020Z/€T/0T | @3eq 0c0Z/€T/0T | @1eq
pue g0 uonels a4 TO-M5-€S4-1S4 TO-M5-SJ-1S4
¢- ainbi4 N tv00°0 Sd4d N £S00°0 S94d
2000 VO4d N £S00°0 VO4d
retro SO4d 19900 SO4d
U0 yadag [TR40) yidaq
020Z/€T/0T 9leq 0C0zZ/€1/0T aleq
T0-0S-€S4-1S4 T0-0S-SO-1S4
V9 ‘Ueme)s Ho4
uonoadsu) ayg
/ Juswissassy Aeuiwijaid
SV4d 03avsn N




YMON /1 ®uoZ NLN ‘861 SOM
‘woysAg 8jeuIpioo)

GlLoz ‘fusbew [euay ‘yueg ajboon
6102 ‘'Bled @HN ‘sOsn

S00z ‘eled SI9 ‘03vsn

:$901N03 ejeq

llos = 0S
9jeuoy|ns auejooosonjped = SO4d
pioe olouejooolonpad = YO4d

pioe ojuojnsauejngolonjpad = Sg4d
Jsiempunoib = p\9

JECTIEST]

Jsauaul [enuajod Jo eale = |dOY

uoneoo buidwes
18)eMpUNOIS) gelS) pue |I0S MO||eyS =

(leluualad) WealS/IdAlYy —

idov ]
A1epunog uonejesu D

puabar

s)nsay |eanfjeuy
Sd4d pue ‘vOdd ‘SOdd
G0 uoljeyg aJl4
-, ainbi4

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

00k

1094

0S

“(D07) uoneuenb Jo Jwi| Y} SAOJE PajO8}ap JOU SEM Jng J0j pazAleue sem dlAjeue ay] =
‘AJuo uolesuUdduod

pajewl)sa UE S| anjeA [ESLISWNU PAJEIDOSSE 9y} ‘IoAamoy ‘payjuapl Ajaalisod sem ajhjeue ay| =
sisyilend

"Resb payybiybiy a1e (1.20z aso) 1/6u 009

10 [9A8] BuluaaIos Ysii Jajem dej [enuapisal SO Y} PE9OXa Jey) Sg-d JO SUONEUSdUOD ‘G
‘Aesb payybiubiy a1e (L.z0z ASO) 1/6u OF 40 |19A8] Bulusaios ysu Jajem dey |eluapisal

(as0) esusje(q jo AiejeIdag 8y} Jo 80150 BU} PE8IXS 1Y} YOdd PUB SO4d JO SUORBIUSIUOD
'SUONO3}ap 9)edIpul SeNjeA papjog ¢

“(By/6w) weiboyy Jod swelb ul payodal ale synsal |10S 2

*(7/6u) 18y Jod sweiboueu ul papodal aie S}NSal JO}EMPUNOID) |

G0 uonejs ail4

:S9JON
roé6 S94d
r00E‘T VvO4d
100092 S04d
0c0z/zt/ot a1eq
T0-M9-5S4-154
NTT00°0 Sg4d
11000 VvO4d
1100 SO4d
HZ0 ydag
0zoz/zT/ot aleq
10-05-GS4-154
N




YHON Z1 8U0Z NLN ‘¥861 SOM

:welsAg ajeuIpIoo) 1994 (D0O7) uoneuENb JO HWI| BY} SAOJE PaJO3}aP JOU SeM Jng Joj pazAjeue sem alkjeue ay| =N
| -T€'8 Sg4d ‘MO| paselq aq Aew jnsas ay) ‘Ayjuenb pajewjsa ue si )nsalay) = -
ejeq depeans ‘auljuQ SIDUY [YST 4 002 0 LY VO1d "AjUo UONe]UBOUOD PaJeWIISS Ue S| BNjeA [EOLIBWINU PIJEIOOSSE BU) IaAaMOoY ‘palyjuapl Ajaaisod sem sjhjeue ayy =
6102 ‘eled AHN ‘SOSN = ‘s1aend
500z ‘e1ed SI9 03vSN e S04d
:s90IN08 eleq 0zoz/ct/ot BE "Reub papybiybly ase (Lz0z ASO)
VSIS 7/Bu 009 40 |9A8| Buluaalos s Jajem dey [euapisal QSO Y} PE8IXa Jey} Sg4d JO SUOIBIUBIUOD G
Z0-MO-31-1S4 ‘Resb payybiybiy
N ¥6000°0 Sg4d aie (1.20Z asO) bx/6w g1°0 Jo [9na] Buluaalos ysu I0s [enuapisal Jo J/Bu Of Jo [9As] Buluaaios Xsil Jajem dey
n ) vOid |enuapisal (JSO) esuaja( Jo AIeje108s 8y} JO 8010 Y} PEBOXa Jeyl YO4d PUB SOdd JO SUOe)ussuo)
76000 *SUONO3}aP 8)edIpUl SaNjeA papjog ¢
<1000 SO4d *(63y/6w) weibo|iy Jod swelbijjiw ul papodal aie s)nsal 10S 2
TRa) yidag *(71/Bu) 18y Jod swesBoueu uj papodal ale s)NSal JBJeMpuUNoID) *|
:$9)0
Oc0Z/ET/or | o1ed N
¢0-0S-31-1S4

llos = 0S
ajeuoy|ns auejooosonjped = SO4d
pioe olouejoolonpad = YO4d

pioe ojuojnsauejngolonipad = Sg4d
Js)empunolb = p\O

JEETIEST]

1salajul [enuajod Jo eale = |dOV

uoneooT bulidwes 3 Aemixel
Ja}empunols) qel9 pue |I0S MOj[eyS =

(|eluuaiad) Weang/IdAly —r o~

AKuepunog uoneeisul [ ]

o Te Sa4d
vcwmwn_ €1 YO4d
ealy ||1uqg yseldd >_._wu.=w=0 w 5034
s)nsay |eanAjeu 020¢/vT /0T a1eq
S84 PUE VOd ‘S04 TO0VS | sadd TOMOALISS
3 Aemixe] -r009°€ v04d NZ1000 Sa4d
pue eaay ||1ug ysesd Aayuenpd -f000°0TT S04d :NHS.O VO4d
G-/ ainbi4 0z0¢/v1/0T aleq :umw 0 r_MQOMM__
T0-M9-VAD-154
020¢/vT/0T a1eq
N <1000 Sa4d T0-0SaL-I53
02000 vO4d
¥T0 SO4d
Ho ydag
0202 /%1/0T a1eq
T0-0S-VdD-154

V9 ‘Wema)s uog
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn N




YMON /1 ®uozZ ALN ‘¥86L SOM
:we)sAg ajeuIpIoo) 1094 (DO7) uoneuENb JO HWI| BU} 9AOJE PaJOS}aP JOU SeM Jnq Joj pazAjeue wm»s alkleue syl =N
[— ] *Aluo uonesusouod
KioBew| [eusY ‘OUIUO SIDOIY [¥ST 00k 0§ 0 POJEWIISS UE S| 9N[eA [EDLSWNU PBJRIDOSSE aU) 1oAemoy paiuspl Ajoalisod sem ajhjeue ay] = [
810z ‘eled lloM ‘Hema)s 1o ‘slayilenp
S00Z ‘eled SI9 ‘03vVSN
:1$901n0G Ejeq ‘AesB payybiybiy ate (L.zoz ASO) 1/6u O Jo [9A3] Buluaalos ysi Jajem dey [eluapisal
(asS0) esusje( Jo AIeja109g 8U) JO 8OO B} PERIXS Je) YOd PUE SO4d JO SUOHEIUSIUOD Y
'SUONO3}ap 8)edIpul SanjeA paplog ¢
*(By/6w) welbojry Jod swelbljjiw ul papodal ale synsal [10S g
*(71/Bu) 19y Jod swesboueu uj papodal ale s)NSal JBJeMpuUNoID) *|
:$9JON
l1Ios = OS
ajeuoy|ns auejoooioniuad = SO4d
pioe olouejpoosonipad = YO4d
pioe oluojnsauejngolonjyad = Sg4d
Jlom Buuoyuow = M
eaJe Bulules aily = 14
Jayempunolb = p\\O
JEETIEST]
1seseul [enuslod Jo Bale = |[dOV root Sa4d
rozs vO4d
uonesoT] m:__a_.tmm = _.§~WH SO4d
J2}empunols) geis) pue [I0S Mo||eys 0C0e /T JoT 5180
voneao Buyduies los Mojes &l (€10-1S4) VLd PRIV Awwry 3yBLm TT-MIN-153
IleM Bunsix3
- uopeoo] Bujdwes Jayempunois
II9M BulojuoN @
1dov [_]
Aiepunog uonejesu) l o i
pusba 10057 vOid
100082 SO4d
020¢/%1/01 31eq
S}NS?Y _mu_tm_wc< Nnoe6tT Sg4d TO-M9-VYVM-1S4
Sg4d bue ‘vOdd ‘SOdd ro0L‘T vO4d NZ8000°0 S84d
(€10-184) 100091 S04d N780000 | VOid
V14 payay Away ybup 0z0¢/vT/0T | o1Ed N780000 | S04d
9-/ w..:m_n_ UST-MIN-LS4 - H0 yydag
: N88000°0 Sgd4d
1000 Vodd 0c0z/v1/0T a1eQ
C0-OS-YVM-1S4
4£00°0 SO4d
U0 tadag
0¢0c/v1/0T a1eq
TO-OS-VYVM-1S4
VO ‘}iema)s oy
uonoadsu) ayg ]
/ Juswissassy Aeuiwijaid
SV4d 03avsn N




YHON /1 @uozZ ALN ‘¥861 SOM
‘woysAg 8jeuIpiood

Kiebew| [euay ‘auljuQ S92V 1¥ST
6102 ‘'Bled @HN ‘sOsn

S00z ‘eled SI9 ‘03vsn

:$901N03 ejeq

los = 0S
ajeuoy|ns auejooosonytad = SO4d
ploe ojouejooolonjuad = YOd4d

pioe ojuojnsaueingosonjpad = Sg4d
Jsjempunoib = pO

JERTIEST)

1saiayul [enusjod Jo eale = |dOVY

uoneooT buidwes
J9)eMpPUNOIS) EID PUE [I0S MOJIBYS

=

(|eluuaiad) WeanS/IdAly —r ~

1dov [_]

puabar

sjinsay [eonhleuy
Sd4d pue ‘vOdd ‘SOdd

yoeouddy ygg
1-1 @.nbi4

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

002

}o94

0oL 0

*(007) uoneyuenb Jo y

I| 84} 9AOQE PBJIB}AP JOU SeM Ing Joj pazhleue sem aikjeue sy = N

noe Sa4d ‘Ajuo uolelusduod
ree VO4d PSJEWINSS UB S| 8NJEA [EOUSWNU PSJEIOOSSE 8y} ‘UaAamoy ‘paijuapl AjoAlisod sem ajkjeue ay] =
08 SO3d SISHIENO
0z0z/€T/0tT aleq ‘AesB payybiybiy ate (L.zoz ASO) 1/6u O Jo [9A3] Buluaalos ysu Jajem dey [eluapisal
Z0-M\O-YEE-154 (@sS0) esusje( Jo AIeja109g 8U) JO 8OO B} PERIXS Je) YOd PUE SO4d JO SUOHEIUSIUOD Y
'SUONO3}ap 8)edIpul SanjeA paplog ¢
NOT000 Sg4d *(By/6w) welbojry Jod swelbljjiw ul papodal ale synsal [10S 2
- *(71/Bu) 19y Jod swesboueu uj papodal ale s)NSal JBJeMpUNoID) *|
NOoTo0'0 VO4d :S910N
NOoT000 SO4d
U0 yidaqg
0c0z/€T/0T a1eq
20-0S-Yee-154
yoeouaddy ygg
rs9 Sg4d
r06€ VO4d
roLv SO4d
0¢0C/€1/0T aleq
TO-MD-YEE-1S4
N98000°0 Sdd4d
N 980000 VO4d
N98000°0 SO4d
U0 yidag
0¢0¢/€T/0T a1eq
TO-OS-dee-154
N




UHON £} 8U0Z LN ‘¥86) SOM
:wasAg ajeulplood
§10z ‘A1abew) [ensy ‘yue3 aifooo

S00Z ‘eled SI9 ‘03vVSN
:$90IN0S ejeq

11os = 0S

ajeuoy|ns auejooosoniuad = SO4d
pioe olouejooosonipad = YO4d

pioe oluojnsauejngosonipad = Sg4d
J8)empunolb = p\9

o3 =y

JsaJaul [enuajod Jo eale = |[dOV
weo} Bujwioj-wyy snoanbe = 444y

uonjeso burdwes
J13)EMPUNOIS) (eI pue [I0S MO||eYS =

idov ]
A1epunog uone|eisuj D

puabar

s)nsay |eanfjeuy
S94d Pue ‘vOdd ‘SOdd
abelo)g 444V JouLo4
8-, aunbiy

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

oy

1994

0z 0

r009'T sg4d
roLt vO4d
09z S04d
0z0z/¢T/01 aleq
T0-M9-VSV4-154
NTT000 Sgdd
NTI000 YO4d
NTI000 SO4d
[Y¥20) yidag
0c0z/zt/ot 9{1eq

T0-0S-VSV4-1S4

“(D07) uoneuenb jo Jwi| Y} SAOJE PajO8}ap JOU SEM Jng J0j pazAleue sem dlAjeue ay] =
‘AJuo uolesuUdduod

pajewl)sa UE S| anjeA [ESLISWNU PAJEIDOSSE 9y} ‘IoAamoy ‘payjuapl Ajaalisod sem ajhjeue ay| =
sisyilend

"Resb payybiybiy a1e (1.20z aso) 1/6u 009

10 [9A8] BuluaaIos Ysii Jajem dej [enuapisal SO Y} PE9OXa Jey) Sg-d JO SUONEUSdUOD ‘G
‘Reub payybiubiy a1e (6L.0z ASO) 1/6uU OF 40 |19A8] Bulusaios ysu Jajem dey |eluapisal

(as0) esusjeq j0 AiejeIdag a8y} Jo 80150 BU} PEBIXS 1Y} YOdd PUB SO4d JO SUORBIUSIUOD
'SUONO3}ap 9)edIpul SeNjeA papjog ¢

“(By/6w) weiboyy Jod swelb ul payodal ale synsal |10S 2

*(7/6u) 18y Jod sweiboueu ul papodal a1 S}NSal JO}EMPUNOID) |

:S9JON

abel10}s 444V 1owio4




YHON /| duozZ NLN ‘861 SOM
‘wa)sAg 8jeulpioon

Kisbew [eusy ‘BuluO SIDAIY 1¥S3
020z ‘Bled [I9M ‘Hema)s o4

610Z ‘'B1ed aHN ‘'sOsn

S00Z ‘eled SI9 '03vsSN

1$821N0S ejeq

ajeuoj|ns auejooosonjuad = SO4d
pioe ojouejoooionipad = YO4d

pioe oluoynsaueingosonipad = Sg4d
jsa19}ul [enuajod Jo eale = |dOY

IIBM Bunsix3
- uoneoo] buidwes Jayempunols)
II9M Buuojuoy @
(leluusiad) Weang/IaAly —~— o~

idov [_]
A1epunog uone|eisul D

puabar

S}HNS3Y _No_w>_mc<
S94d Pue ‘vOdd ‘SOdd
(100-LS4)
lilypuen [esua) yinosg 3sod
6-L 2.nbBiy

VO ‘Hema)s Jo4
uonoadsuj ayg
/ Juawissassy Ateujwijaid
Sv4d 23vsn

00z

j00

0ol

*(D07) uoneUEND JO JIWI| BY} BAOJE PBJIB}AP JOU SeM Ing Joj pazAleue sem ajkjeue syl = N

:sJayilen

*(71/6u) 18y Jod sweiBoueu ul papodal ale S)Nsal JS})eMpunols) “|

(1L00-LS4) lIypue [enud) Yinog jsod

:S9JON
nge sadd
nee VO4d

) nee SO4d

0¢0z/ST/0T ?1eQ

6A-DS-8MD-154
nve Sgdd
nve VO4d
noe SO4d
020z/St/0T a1eq
SIN-DS-8MD-154




YHON Z1 8U0Z NLN ‘¥86L SOM
‘wa)sAg 8jeulpioo)d

AKisBew] [epsy ‘aUIUQ SIDIY 1¥S3T
6102 ‘©18d QHN ‘SOSN
500z ‘e1ed SID ‘03vsN

1$901N0G Ejeq

llos = 0S

ajeuoy|ns suejoooionjued = SO4d
pioe olouejooosonipad = YO4d

pioe oluojnsauejngolonjpad = Sg4d
Jayempunoib = p\\o

JECTIEST]

Jsasaul enuajod Jo eale = |[dOV

uopeoo burdwes

191BMPUNOIS) QRIS PUE |I0S MOJ|BYS =

(yueniwlalu]) Weang —.r .~

idov ]
Aiepunog uonejjejsuj D

puaban

s)insay [eonhjeuy
Sg4d pue ‘YO4d ‘SO4d
10 3414 B|91YaA
01-L @unbi4

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

oy

1094

0C

“(D0O7) uoneuenb jo JwI| Y} SAOJE PajO8}ap JOU SEM Jng J0) pazAleue sem d)Aleue ay] =
*AJuo UOBJUBDUOD PBJBWIISS UEB S| SN|eA [eolIBWNU PaJeIdoSSE dU) ‘JIanamoy ‘payiiuapl AloAisod sem ajhjeue ay] =
sialilend

'SUONO8}ap 9)edIpUl SeNjeA papjog ¢

“(Bs/6w) weiboyy Jod swesbijiw ur papodas ale synsal [10S g
*(7/Bu) 18y Jad sweiBoueu ul papodal a1e s)Nsal JB}eMpUNoIS) |
:S9JON

nee Sg4d
ree vO4d
8¢ SO4d
020z/St/0T B4
TO-MO-T4A-LS4
880000 Sg4d
880000 vO4d
880000 SO4d
U0 yidaq
020z/st/ot a1eq

TO-OS-TdA-1S4

10 2414 3|91yaA




UHON L} 8U0Z N1N ‘4861 SOM
:wasAg ajeulplood
510z ‘Aebew [eusy ‘yue3 oifoon

§00z ‘eled SI9 ‘'03vsn
:$921n0G ejeq

J9)em aoeuns = \\S
110s = OS

ajeuoyns auejooolonad = SO4d
pioe ojouejooolonpad = YO4d

pioe oluojnsauejngoionjuad = Sg4d
Jayempunolb = O

FEDTERY)

Jsala)ul [enuajod Jo eale = |dOV

uoneoo buldwes Jojep doeung ¢

uoleoo buidwes
13)EMPUNOIS) GBI PUB [I0S MO||BYS =

idov [_]
Alepunog uone|esu D

puabar

s)insay |eonhjeuy
S94d pue ‘YOd4d ‘SO4d
20 8414 3|91YaA
LL-L 2inBi4

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

*(D07) uoneUEND 4O JIWI| BY} SAOGE PSJOB}EP JOU SEM Ing Joj pazAjeue sem sjkjeue ay) = N
*A|UO UOREIUSIUOD PSJEWISS UE S| SN[EA [EDLBWNU PAJBIDOSSE BY} JoAamoy ‘paijjuapl AjoAlisod sem sjkjeue sy =

'Suonoa}ap S)edIpul senjeA papjog g
w ul papodal ale synsal [10S ‘2
*(7/Bu) soy| Jod swesboueu uj pajodal ale s)NSal Jo)em S0BLNS PUE JSJEMPUNOID) *|

*(6y/6w) weibo|y Jod swes

:s1olllend

'S8JON

noe sg4d
noe VO4d
ree SO4d
0coz/et/ot 23eq
TO-M9O-C4A-LS
N0T00'0 Sg4d
N0T000 VvO4d
N 01000 SO4d
o yidag
020¢/¢t/oT aleq
T0-0S-Z4A-LSA

20 114 3|91yap

noe S94d
noe VO4d
noe SO4d
0z0z/cT/ot a1eq

(014

1004

0C 0




YHON /1 9uoZ ALN ‘¥86L SOM
‘wa)sAg sjeulpioo)

510z “febew |eusy ‘yue3 s|6oon
S00z ‘eed SI9 ‘03vsn
:1$92In0S ejeq

los = 0S

ajeuoy|ns suejoooionjued = SO4d
pioe olouejooosonipad = YO4d

pioe oluojnsauejngolonjpad = Sg4d
Jayempunoib = p\o

199} =}

Jsauaul [enuajod Jo eale = |dOY

uolesoT bujdwes
19)eMpUNOIS) EID pue [I0S MO||EYS =

idov ]

puabar

sj|insay |[eonhjeuy
Sd4d pue ‘VYO4d ‘SO4d
8ggl Buipjing
Z1-L danbig

VO ‘Hema)g Jo4
uonoadsuj ayg
/ Juswissassy Aeuiwijaid
Sv4d 23vsn

oy

k]

0C

*(007) uoneyuenb Jo

1| 9Y} DAOCE PaJOSIAP JOU SEM Jng 1o} pazAleue sem a)Ajeue ay] =N
‘AJuo uolesuUBduod

pojew}se Ue si 8N[eA [2OUSWINU PSJBIDOSSE B} JoAamoy ‘panijuapl Ajaaiisod sem sjhjeue ay] =

‘s1ayllend

‘AesB payybiybiy ate (L.zoz ASO) 1/6u O Jo [9A3] Buluaalos ysu Jajem dey [eluapisal
(asS0) esusje( Jo AIeja109g 8U) JO 8OO B} PERIXS Je) YOd PUE SO4d JO SUOHEIUSIUOD Y

'SUONO3}ap 8)edIpul SanjeA paplog ¢
*(By/6w) welbojry Jod swelbljjiw ul papodal ale synsal [10S g
*(71/Bu) 19y Jod swesboueu uj papodal ale s)NSal JBJeMpuUNoID) *|
:S3J0N

ST Sg4d
0sT VO4d
144 SO4d

020z/v1/0T a1eg

TO-MO-8¢€8T4d-154

N £6000°0 Sg4d

r0S000°0 VO4d

€200°0 SO4d

uzo yidag

020z/vT/ot a3eq

T0-0S-8€819-154

g¢gl Bupjing




Arcadis U.S., Inc.

7550 Teague Road

Suite 210

Hanover, Maryland 21076
Tel 410 987 0032

Fax 410 987 4392

www.arcadis.com




