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EXECUTIVE SUMMARY

Metcalf & Eddy, Incorporated (M&E) conducted a Resource Conservation and Recovery Act
(RCRA) facility investigation (RFI) at the old Property Disposal (PDO) Yard at Hunter Army
Airfield (HAAF), Georgia under a contract with the United States Army Corps of Engineers
(USACE), Savannah District (SAV). HAAF is a subinstallation of nearby Fort Stewart which is
located approximately 30 miles southwest of Savannah, The RFI was conducted to respond to a
Consent Order {(CO) issued to Fort Stewart for deficiencies observed at the PDO Yard and
several other HAAF locations. Three new above-ground storage tanks (ASTs) located inside a
concrete containment structure, a 90-day hazardous waste storage area, and several paved open
storage bays are located within the PDO Yard.

M&E performed the site investigation at the PDO Yard in two phases. M&E’s Phase I
investigation was summarized in a Final RFI Report that was submitted to the Georgia
Department of Natural Resources (DNR), Environmental Protection Division (EPD), Hazardous
Waste Management Branch (hereafter referred to as GA EPD) in April 1998, The GA EPD
summarized their comments on the Final RFI Report in a letter to Lieutenant Colonel Cary W,
Brown dated May 21, 1998. Recommendations in the letter included conducting additional
subsurface investigation to define the extent of contamination at the PDO Yard and to complete
interim removal measures (i.e., AST removal, over excavation, and AST replacement) as outlined
in the recommendations section of the April 1998 Final RFI Report. The GA EPD also
recommended that data from these activities be incorporated into a Revised Final RFI report.

M&E completed the additional investigation activities (Phase II) in August 1998 and reported
findings of the study in the December 1998 Revised Final RFI. The GA EPD reviewed the
document and summarized their comments on the Revised Final RFI Report in a letter to Colonel
Ovidio E. Perez dated April 2, 1999, The majority of GA EPD comments centered on elements
of the human health and ecological risk assessment presented in the report. The GA EPD also
recommended collecting an additional surface water and sediment sample from Lamar canal
directly down-gradient of MW06, These samples were collected by Science Applications
International Corporation (SAIC) personnel as part of Phase II field activities.

This Revised Final RFI Report (report title not changed from previous submittal) addresses all
GA EPD comments outlined in the April 2, 1999 (Khaleghi to Perez) document review letter.
Data collected by M&E from both the initial (Phase I) and subsequent (Phase II) field activities
conducted at the PDO Yard are presented herein. Phase I activities include those actions
performed during the original scope of work that were summarized in the December 1998
Revised Final RFI Report with the exception of soil data from HA05, HA07, HA08, HA09, and
HA10. These locations were within the excavation area of the Interim Removal (IR) activities
conducted at the former above-ground storage tank (AST) in July 1998. Data from these
locations were deleted from the risk assessment at the request of the GA EPD because they are no
longer representative of conditions in that area of the PDO Yard. Confirmatory soil sample
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results from samples collected by the Installation’s removal contractor (Earth Tech, Inc.)
following excavation activities (PDO-1 through PDO-8) were added to the risk assessment at the
request of the GA EPD, Phase II activities include those performed in response to both the May
1998 GA EPD Final RFT review recommendations and the April 1999 GA EPD Revised Final RFI
review comments, Most Phase II field activities were conducted between June and August of
1998, Some additional activities, namely surface water and sediment sampling conducted in
response to the April 1999 GA EPD Revised Final RFI review comments, were conducted in
April 1999,

Summary of Site Investigation Activities

The Phase I PDO Yard soil and groundwater sample results identified limited contamination in
groundwater above screening criteria. Although five parameters in groundwater exceeded
screening criteria, no current groundwater exposure pathway exists. The complete horizontal and
vertical extent of the two most prominent organic contaminants in groundwater, benzene and
tetrachloroethene (or perchloroethene- PCE), was not completely defined. However, the
maximum concentration of both benzene and PCE in groundwater samples was within one order
of magnitude of their respective maximum contaminant level (MCLs).

IR activities commenced at the PDO Yard in July 1998. The ASTs were removed from the
facility, cleaned, and taken off-site for recycling. The soil around the former AST locations,
including the berms, was excavated to a depth of about 3 feet below land surface (bls) with the
exception of the northeast corner where the excavation was taken down to a depth of 4.2 feet
bls. The excavation pit was approximately 50 feet x 75 feet and produced about 450 cubic
yards of soil. The excavated soil was placed in the bioremediation cell near the HAAF golf
course. Eight confirmatory soil samples were collected from the excavation prior to
backfilling for volatile organic compounds {VOCs), semi-volatile organic compounds
(SVOCs), and RCRA metals. No elevated concentrations of target compounds were present in
the soil samples. Analytical results of the confirmatory soil samples (PDO-1 through PDO-8)
are considered in the risk assessment section of this Revised Final RFI Report. Fill material
was obtained from a borrow pit at HAAF and the excavation area was backfilled, compacted
using the weight of a loader, and covered with #57 stone.

The Installation completed the construction of a new concrete containment facility in August
1998 and installed three new state-of-the-art ASTs within it. The new facility is located on the
north side of the PDO yard.

Four new shallow (MWO05, MW06, MWO07, and MW0R8) and three deep monitoring wells
(MW09, MW 10, and MW 11 [a double cased well]) were installed from July 21 to August 1, 1998
in response to the GA EPD’s comments to delineate the groundwater contaminant plume at the
PDO Yard. Two soil samples were collected for laboratory analyses at each drilling location.
Groundwater samples were collected from the eleven existing and the seven new PDO Yard
monitoring wells from August 10 to 13, 1998. Low flow peristaltic pumps were used to purge
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the wells and avoid turbidity in the samples. Samples (soil and groundwater) were analyzed for
volatile organic compounds (VOCs), semi-volatile organic compounds (SYOCs), and RCRA
metals, Analytical results indicate that benzene and PCE exceeded screening criteria in
groundwater samples. Three surface water and sediment samples were collected from Lamar
canal on August 13, 1998. Zinc concentrations exceeded surface water screening criteria and
barium was present in all sediment samples. All other compounds identified in Phase II soil,
groundwater, surface water, or sediment samples were either attributed to laboratory
contamination/ isolated occurrences or were below screening criteria. Two additional surface
water and sediment samples were collected by SAIC on April 16, 1999 at the request of the GA
EPD. The samples were collected directly down-gradient of MWO06; the area most likely to
receive discharge of contaminated groundwater from the shallow aquifer, Analytical results of
these samples indicate that no volatile or semi-volatile organic compounds are present in surface
water. Trace concentrations of lead marginally exceeding the Georgia Instream Water Quality
Standard (IWQS) of 1.3 micrograms per liter (Lg/L) were identified.

Human Health Risk Assessment

The baseline risk assessment (BRA) conducted in the April 1998 Final RFI Report was updated
with information collected during the Phase II field investigation. The BRA evaluates potential
human health risks associated with the contamination at the PDO Yard. The data collected in the
Phase I and Phase II investigations are sufficient to complete the BRA.

The human health assessment consisted of a comparison of soil, sediment, surface water, and
groundwater data to screening values. Soil samples from both phases of the RFI were evaluated
during the human health risk assessment. Four human health contaminants of potential concern
(HHCOPCs); arsenic, cadmium, chromium, and benzo(a)pyrene, exceeded screening criteria in
Phase I soil samples. Arsenic was identified in 2 of 73 sampling locations at concentrations (26
milligrams per kilogram [mg/kg] and 28 mg/kg) which marginally exceeded the residential risk-
based concentration (RBC) of 23 mg/kg, However, each of these samples were collected from 2
feet below land surface (bls) and both arsenic concentrations were well below the industrial RBC
of 610 mg/kg. Concentrations of cadmium and chromium in surface soil were all below the
residential RBC but exceeded the U.S, Environmental Protection Agency (EPA) Region 4 Soil
Screening Level (SSL) based on a dilution attenuation factor (DAF) of 1 (i.e., no dilution in the
soil column). Similarly, all cadmium and chromium concentrations in subsurface soil were below
both residential and industrial RBCs but many exceeded the conservative SSL.

The laboratory quantitation limit (LQL) for benzo(a)pyrene was greater than the residential RBC
of 0.088 mg/kg for all soil samples. The LQL was used as screening criteria for this compound
because the laboratory is incapable of accurately quantifying concentrations at the residential RBC
level. Benzo(a)pyrene was confirmed in 2 of 73 locations (PDO-SBO01, 1.6 mg/kg and PDO-
HAO06, 0.59 mg/kg) at a concentration greater than the LQL. Only the sample from PDO-SB01
exceeded the residential RBC of 0.78 mg/kg, All sample results for benzo(a)pyrene were below
the EPA SSL based on a DAF of 20. The generic SSLs, based on default values and standardized
equations for groundwater protection, were used as additional evaluation criteria. The human
health exposure pathway for contamination in soil was not considered complete under current or
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anticipated future use scenarios. However, arsenic and benzo(a)pyrene were retained as
potential soil HHCOPCs in the human health risk assessment process. Risk calculations for
both residential and on-site worker exposure scenarios indicated risks were well within the
criteria accepted by both EPA and EPD. Therefore, development of soil remedial levels was
not warranted and additional soil remediation is not required.

The human health assessment considered sediment screening values although the exposure
assessment determined the exposure pathway was incomplete. No sediment exposure pathway is
currently known or suspected under future site use. No sediment parameters exceeded any
human health screening criteria (industrial or residential RBCs) in any Phase II sample collected
by M&E. The arsenic concentration in both Phase II locations sampled by SAIC marginally
exceeded the residential RBC but was below the SSL based on a DAF of 1. Arsenic was
eliminated as a HHCOPC in sediment based on its detection near the limits of analytical precision
and concentrations less than two times the screening criteria.

Surface water was also evaluated in the human health assessment although wading does not occur
in Lamar canal and no exposure pathway exists under current or anticipated future site use.
Although arsenic was identified above EPA Region 3 RBC tap water standard of 0.045 pg/L in 2
of S Phase 11 surface water samples, concentrations were well below the MCL of 50 pg/L.
Therefore, arsenic was eliminated as a HHCOPC for surface water based on its detection near the
limits of analytical precision and the unlikelihood of actual surface water exposure.

All HHCOPC:s identified in groundwater samples were evaluated with respect to the September
1996 US Environmental Protection Agency (EPA) residential Risk-Based Concentrations (RBCs)
previously cited in the December 1998 Revised Final RFI, The GA EPD agreed with Fort
Stewart’s recommendation to use the 1996 version of the RBC table in this document to maintain
consistency with previous versions of the PDO Yard RFI reports, No current groundwater
exposure pathway exists and no future groundwater exposure pathway is anticipated. However,
an evaluation of risk for potential future use was conducted using a residential exposure scenario
in response to GA EPD comments. Only analyses from Phase II groundwater samples were
considered in the risk assessment because they were collected after purging wells with low-flow
rate pumps to decrease sample turbidity. The samples collected from the wells following this
purge method are considered more representative of actual groundwater conditions. Benzene and
PCE were retained as HHCOPCs in groundwater for further risk characterization because
concentrations of these compounds exceeded residential RBCs.

Published default values were used in the baseline human health risk assessment. The residential
exposure scenario used in the risk assessment is extremely unlikely given regional confining units
between the shallow aquifer where contamination was identified and the deep aquifer (i.e., the
Floridan); tapped as a source of drinking water in the Savannah area. The calculated carcinogenic
and noncarcinogenic risks for HHCOPCs identified in groundwater samples were below the
recommended threshold defined by Georgia EPD and EPA. No risk-based remediation levels
were derived because no exposure is known or expected and potential risk was within acceptable
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levels. However, the Installation is aware that the GA EPD will not accept risk calculations for
constituents which exceed their respective MCLs. Therefore, remedial levels (RLs) proposed for
benzene and PCE are their respective MCLs of 5 pg/L.

Ecological Risk Assessment

The ecological risk evaluation was initiated by conducting a preliminary risk evaluation (PRE)
which compared surface water and sediment detections to ecological screening values published
by EPA Region 4. An adequate number of samples were collected at potential receptor locations
to evaluate potential ecological risks during the PRE.

Lead and zinc were the only constituents detected in surface water samples exceeding ecological
screening criteria. All lead concentrations were below the EPA Region 4 Acute Freshwater
Surface Water Screening Value (FSWSV) but they exceeded the chronic FSWSV of 1.32 pg/L.
The most elevated lead concentration (13.47 pg/L) was detected in the up-gradient surface water
sample PDO-SWEO1, Elevated lead concentrations were not considered to be associated with the
PDO Yard and were eliminated from further consideration in the PRE. Zinc concentrations in
samples ranged from 12.1 pg/L in sample SAIC-PD1600 to 110 pg/L in the up-gradient (PDO-
SWEOQ1) sample. Zinc was similarly eliminated as an ecological contaminant of concern (ECOC)
in the PRE because its presence cannot be attributed to the PDO Yard. The only organic
compound identified in surface water samples at concentrations exceeding ecological screening
criteria (chronic freshwater surface water screening value-FSWSV) was bis(2-
ethylhexyl)phthalate, & common laboratory contaminant. The presence of bis(2-
ethylhexyl)phthalate was attributed to laboratory contamination or sampling anomaly and was
subsequently eliminated from risk characterization. No ecological contaminant of potential
concern (ECOPC) was retained as an ECOC based on calculations performed in the PRE.
Development of RLs for surface water is not required.

Analytical results of Phase I sediment samples were close to screening values but were not
considered significant due to low frequency of occurrence, overall magnitude, and the
conservative basis of screening values. Lead and barium, detected in Phase IT sediment samples,
were evaluated as ECOPCs in the PRE. Lead was the only ECOPC to marginally exceed the
EPA S8V in Phase II sediment samples. The background sediment sample PDO-SWE01
contained the most elevated lead concentration which only marginally exceeded its conservative
ecological screening value (ESV). In addition, the concentrations of lead found in sediment
samples is well within the range published by the United States Geological Survey (USGS) for
soils in this region. Therefore, the lead concentrations in sediment are most likely attributed to
natural occurrence or up-gradient source and lead is not considered an ECOPC for sediment at
this site, Barium, present in all Phase II samples, has no published ESV and was retained as an
ECOPC by default. Preliminary risk calculations presented indicate the hazard quotient (HQ)
associated with barium is well below the target level of an HQ equal to 0.1. Therefore, barium
was not retained as an ECOC,

Groundwater contaminants (benzene and PCE) were evaluated with respect to ESVs. All
benzene concentrations were lower than the Acute FSWSV while two locations exceeded the
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Chronic FSWSV. However, the benzene concentrations are below the Chronic FSWSV of 53
pg/L in the down-gradient reaches of the benzene groundwater plume where exposure, if any,
would take place. Benzene is therefore not considered to pose a threat to potential receptors in
Lamar canal and was efiminated from further quantitation in the PRE. The most elevated
concentrations of PCE at the PDO Yard were below ESVs. No ECOCs were retained in the
groundwater media.

Conclusions and Recommendations

Conclusions

The following conclusions and recommendations have been made based on the results of the
Phase I and Phase II RFI for the PDO Yard:

s The horizontal and vertical extent of contamination has been adequately delineated by
activities conducted during the Phase I and Phase II RFI.

e There are no HHCOPCs in surface water or sediment,

¢ Arsenic and benzo(a)pyrene were evaluated as HHCOPCs in soil and were found to be
present at concentrations within acceptable risk levels for both present industrial conditions
and potential future residential use; therefore additional human health risk assessment is not
required.

¢ Benzene and PCE were identified as HHCOPCs in groundwater and concentrations of both
constituents exceeded their respective RBCs and MCLs. Risk calculations indicate neither
constituent exceeds acceptable levels of risk under a future residential use scenario.
However, the MCLs for benzene and PCE were selected as RLs.

e There are no identified ECOPCs in surface soil, surface water, sediment, or groundwater
at concentrations that exceed acceptable levels of risk. Therefore, an ERA is not required
for the PDO Yard.

Recommendations

o Risk calculations for benzene and PCE indicated the calculated carcinogenic and
noncarcinogenic human health risks are below the recommended threshold values as
defined by Georgia EPD and the EPA. Therefore, further human health risk assessment is
not required for the PDO Yard.

e A Corrective Action Plan (CAP) will be required to evaluate measures to mitigate the
effects of benzene and PCE because concentrations of these HHCOPCs exceed their
respective MCLs. The CAP will evaluate the effectiveness of “hot-spot” treatment and
monitored natural attenuation in remediating these organic compounds, Pate and transport
modeling will be used in evaluating effects associated with both treatment and natural
attenuation remedial options. In addition, the CAP will also evaluate the
implementation/continuance of institutional controls for the site,
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The Installation recently completed a one year period of quarterly monitoring at the PDO
Yard. A groundwater sample was collected from each of the monitoring wells on-site using
low-flow peristaltic pumps on a quarterly basis, In addition, surface water and sediment
samples were collected. All samples were analyzed for VOCs, SVOCs, and RCRA metals.
The Installation submitted the quarterly groundwater, surface water, and sediment data for the
annual monitoring period to Georgia EPD in correspondence dated June 1999 (Perez to
Khaleghi). Data from the first quarter of the monitoring perioed (August 1998) was used as the
basis for this Revised Final REI. The August 1998 data was summarized the First Quarterly
Monitoring Progress Report dated October 1998. Data from subsequent quarterly monitoring
visits conducted in November 1998 and February 1999 were also summarized reports
submitted to GA EPD. The final progress report for the annual monitoring period
summarizing May 1999 data will be submitted to GA EPD once it is completed. All data
collected from the quarterly monitoring period will be utilized in preparation of the CAP.
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SECTION 1.0

INTRODUCTION

Metcalf & Eddy, Incorporated conducted a RCRA Facility Investigation (RFI) at the PDO Yard
at Hunter Army Airfield in response to a Consent Order issued to Fort Stewart for deficiencies
observed at the PDO Yard and at several other HAAF locations, Hunter Army Airfield is a
subinstallation of nearby Fort Stewart which is located approximately 30 miles southwest of
Savannah. The RFI was performed under USACE, Savannah District Contract DACA21-93-D-
0049, Delivery Order No, 20. The PDO Yard is located near the northwestern boundary of
HAAF. A location map showing the HAAF facility and the PDO Yard is shown in Figure 1,

The investigation was summarized in a Final RFI report that was submitted to the GA EPD in
April 1998. The GA EPD summarized their comments on the Final RFI Report in a letter to
Lieutenant Colonel Cary W. Brown dated May 21, 1998. Recommendations in the letter included
conducting additional subsurface investigation to define the extent of contamination at the PDO
Yard and to complete Interim Measures (i.e.,, AST removal, over excavation, and AST
replacement) outlined in the recommendations section of the Final RFI Report. The GA EPD also
recommended that data from these activities be incorporated into a Revised Final RFI Report.

This Revised Final RFI Report (report title not changed from previous submittal) addresses all Lo
GA EPD comments outlined in the April 2, 1999 (Khaleghi to Perez) document review letter (see
the response to comment table enclosed within the inside front cover pocket of this binder). Data
collected by M&E from both the initial (Phase I) and subsequent (Phase IT) field activities
conducted at the PDO Yard are presented herein. Phase I activities include those actions
performed during the original scope of work that were summarized in the December 1998
Revised Final RFI Report with the exception of soil data from HAOQS, HA07, HA08, HA09, and
HA10. These locations were within the excavation area of the Interim Removal (IR) activities
conducted at the former above-ground storage tank (AST) in July 1998. Data from these
locations were deleted from the risk assessment at the request of the GA EPD because they are no
longer representative of conditions in that area of the PDO Yard, Confirmatory soil sample
results from samples collected by the Installation’s removal contractor (Earth Tech, Inc.)
following excavation activities (PDO-1 through PDO-8) were added to the risk assessment at the
request of the GA EPD. Phase II activities include those performed in response to both the May
1998 GA EPD Final RFI review comments and the April 1999 GA EPD Revised Final RFI review
comments. Most of the Phase IT field activities were conducted between June and August of
1998. Some additional activities, namely surface water and sediment sampling conducted in
response to the April 1999 GA EPD Revised Final RFI review comments, were conducted in
April 1999,

Interim removal activities commenced at the PDO Yard in July 1998 as part of Phase II
activities, The ASTs were removed from the facility, cleaned, and taken off-site for recycling. N
The soil around the former AST locations, including the berms, was excavated to a depth of

WP101 7830\PDO\RFI\RFIFINAL. DOC 1-1 September 2, 1999




Delivery Order No. 0020
Revised Final RCRA Facility Investigation Repors, Old PDO Yard
M&E Project 017830

about 3 feet bls with the exception of the northeast corner where the excavation was taken
down to a depth of 4.2 feet bls, The excavation pit was approximately 50 feet x 75 feet and
produced about 450 cubic yards of soil. The excavated soil was placed in the bioremediation
cell near the HAAF golf course. Fill material was obtained from a borrow pit at HAAF and
the excavation area was backfilled, compacted using the weight of a loader, and covered with
#57 stone.

The three original ASTs located near the southeastern comer of the PDO Yard were cleaned,
rendered unusable, and disposed of in accordance with API protocols. Manifests documenting
the proper disposal of the tanks were provided in the tank closure report prepared by
HAZWRAP/ Earth Tech, Inc. The report was submitted to the EPD in November 1998. Three
new state-of-the-art ASTs were installed in a newly constructed concrete lined tank area on the
north side of the PDO Yard in July 1998. An illustration of the current PDO Yard layout
showing the new AST containment area is provided in Figure 2. The three new ASTs, a 90-day
hazardous waste storage area, and several paved open storage bays are located within the PDO
Yard,

Four new shallow wells (MW05, MW06, MW07, and MWO08) and three deep monitoring wells
(MW09, MW 10, and MW11 [double cased]) were installed from July 21 to August 1, 1998,
These wells were installed as part of Phase II activities in response to the EPD’s comments on the
April 1998 Final RFI Report. The well locations were selected to delineate the vertical and
horizontal extent of the groundwater contaminant plume at the PDO Yard, M&E returned to the
PDO Yard on August 10, 1998 to collect groundwater samples from eleven existing and seven
new monitoring wells. Low flow peristaltic pumps were used to purge groundwater from the
wells and avoid turbidity in the samples. Samples for inorganic parameters were collected directly
from the teflon discharge tubing of the low-flow peristaltic pump. Samples for organic
parameters were then collected at each location with teflon bailers. All samples were packed on
ice and were shipped to a laboratory for analysis of VOCs, SVOCs, and RCRA metals. M&E
collected three surface water and sediment samples were collected from Lamar canal on August
13, 1998. Two additional surface water and sediment samples were collected by SAIC on
April 16, 1999 at the request of the GA EPD, The SAIC samples were collected directly
down-gradient of MWO06; the area most likely to receive discharge of contaminated
groundwater from the shallow aquifer. Analytical results are discussed in Section 4 of this
Revised Final RFI Report.

The RFI was conducted in accordance with federal, state, and USACE regulations and rules as
stated in the scope of work (SOW). This Revised Final RFI Report was prepared in accordance
with the US Environmental Protection Agency (EPA), OSWER Directive 9902.3-2A guidance
dated May 1994 and Georgia EPD Guidance for Selecting Media Remediation Levels at RCRA
Solid Waste Management Units.
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1.1  Objectives

The purpose of this Revised Final RFI Report is to respond to CO GA4210022733 that was
issued to Fort Stewart for deficiencies observed at the PDO Yard, The CO was a result of a
HAATF inspection by the Georgia DNR, EPD to evaluate compliance with Georgia’s Hazardous
Waste Management Act (GHWMA) and Rules. Several sites at HAAF received violations,
including the PDO Yard. Violations cited during the inspection at the PDO Yard included:

1. 40 CFR 262.11: Hazardous Waste Determination
2. 40 CFR 262.34(a)(2): Date of Accumulation Marked

3. 40 CFR 262.34 (a)(3): Label During Accumulation Time
4. 40 CFR 265.15(a) & (c): General Inspection Requirements

The CO required that an investigation be conducted to determine if the environment had been
impacted as a result of the PDO Yard’s use. Sample analytical results from initial investigations
performed by the United States Army Environmental Hygiene Agency (USAEHA) indicated
contaminants of potential concern (COPCs) were present in soil and groundwater,

The PDO Yard RFI project objectives were to:

I. Determine the horizontal and vertical extents of contamination (soil and groundwater).

I, Determine whether contaminants present constitute a threat to human health or the
environment.

IIT. Determine the need for further actions and/or no further action and gather necessary data to
support development of a corrective action plan, if warranted.

Metcalf & Eddy focused on the six categories listed below during this RFI to meet the USACE
SOW objectives.

Data Evaluation - All acquired data were evaluated for completeness and for meeting the
requirements of the project Data Quality Objectives (DQOs).

Fate and Transporf - A qualitative assessment of the fate and transport for detected contaminants
was performed.

Site Characterization - The nature and extent of COPCs found on-site were evaluated and
conclusions drawn from the analytical data were supported by contaminant distribution maps and
related figures and tables,

Health and Environmental Assessments - An evaluation of potential health and environmental
impacts from site use and potential future use was performed. Sections 6.0 and 7.0 of this
Revised Final RFI Report includes a discussion of the COPCs identified at the PDO Yard, an
exposure assessment, toxicity assessment, and an assessment of potential risk in accordance with
Georgia EPD guidance for selecting remediation levels at solid waste management units.

Identification of screening criteria and remedial levels - Screening criteria were selected for all
identified contaminants of concern (COCs) and clean-up standards and/or points of compliance
required for remediation activities were evaluated.
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Conclusions and Recommendations - Conclusions and recommendations were made based on an
overall analysis of the data, site characteristics, and probable impacts.

1.2  Site Background
1.2.1 Site Description

Hunter Army Airfield is located within the Coastal Plain physiographic province in the City of
Savannah, Chatham County, Georgia. The airfield covers approximately 5,400 acres, and it is
bounded on the north by lightly populated areas, on the east and south by residential and light
commercial areas, and on the west by the Little Ogeechee River, HAAF is a subinstallation to the
Fort Stewart Military Installation, which is located approximately 30 miles southwest,

HAATF is located near the coast toward the north end of the Barrier Island Sequence
physiographic province of Georgia. Area topography consists of step-like terraces with
decreasing altitudes toward the Atlantic Ocean (Clark and Zisa, 1976). Topographic relief base-
wide ranges from approximately 2 to 42 feet above mean sea level (msl).

The PDO Yard is located near the northwestern boundary of HAAF, and it consists of a parcel
containing approximately 0.955 acres. The PDO Yard is part of a larger parent parcel designated
as tract Number I-900 conveyed by Warranty Deed dated 29 September 1950 from the Mayor
and Aldermen of the City of Savannah to the United States of America (recorded in Deed Book
52-J Office of the Clerk of Superior Court, Chatham County, Georgia). A legal description is
provided in Appendix A.

The site, which is fenced, is approximately 136 feet by 300 feet. Much of the site is paved with
the remainder covered in crushed stone. The PDO Yard contains three newly installed ASTs
which serve as an accumulation point for used oil and off-specification JP-4, and a 90-day
hazardous waste (HHW) storage area, A coal stockpile area was located outside the fenced area,
toward the north (Figure 2). Although no longer in use, the coal pile area was used to stockpile
coal reserves for 20 to 30 years.

1.2,2 Site History

From the early days of aviation, the area now known as Hunter Army Airfield was used by
practice flyers, barnstormers, and aerial circuses, In 1928, the city of Savannah took possession
of the field for use as a municipal airport. In the spring of 1940, the property was designated as a
military airfield. Except for a short period when military activities were moved to Travis Field
west of the city, the Army Air Corps (and later the separately-organized Air Force) made
extensive use of the base for approximately two decades. Users included the U.S. Air Force
Strategic Air Command and the Military Air Transport Command.

The Air Force ceased using the base in the early 1960s, and deactivation efforts were undertaken.
However, the Army acquired the facility in 1967 to support the increased need for helicopter pilot
training during the Vietnam conflict, Advanced helicopter training for Vietnamese Air Force
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flight students was conducted at HAAF from 1970 to 1972. In 1975, the airfield became an
important component of nearby Fort Stewart when the 24th Infantry Division (reflagged the 3°rd
Infantry Division- Mechanized, in May 1996) was reactivated and stationed at the Fort
Stewart/Hunter Army Airfield complex.

1.2.3 Previous Investigations

The U.S. Army Environmental Hygiene Agency (USAEHA) conducted Waste Disposal
Engineering Study (WDES) No. 37-24-J2KZ-94 at the old PDO Yard site from November of
1993 to January of 1994. Samples were collected from soil borings and hydropunch locations.
The bermed area contained two 20,000-gallon tanks for waste oil and one 18,000-gallon tank for
off-specification JP-8. Surface soil samples collected during WDES No, 37-26-J2KZ-94 from
within the bermed area exceeded the screening criteria for total petroleum hydrocarbons (TPH)
and BTEX (the sum of benzene, toluene, ethylbenzene, and xylene) established by the Georgia
DNR EPD Underground Storage Tank Management Program. The average concentration of
TPH in composite surface soil samples collected within the berm was 12,000 mg/kg. The average
TPH concentration dropped to 1,900 mg/kg in the 6 to 18 inch below land surface (bls)
composite samples. Arsenic, while not statistically exceeding background, exhibited a mean
concentration of 7.50 mg/kg which exceeded the screening criteria of 1.6 mg/kg used during the
USAEHA investigation. All other inorganics identified in soil samples were below their
respective screening criteria. PCE and metals were also identified in groundwater samples. The
USAEHA concluded that soil and groundwater contamination at the PDO Yard required further

assessment.

Based on the results of the site assessment, the USAEHA conducted a WDES, No. 38-26-K2KZ-
94 for groundwater assessment at the PDO Yard in April 1994. Seven monitoring wells were
installed during this investigation. Figure 2 shows the locations where samples were collected
during the USAEHA studies. The USAEHA confirmed that PCE was present in a groundwater
sample collected from monitoring well 1-23 at a concentration of 145 pg/L, which is above the
Maximum Contaminant Level (MCL) of 5 pg/L.. Metals (antimony, iron, manganese, nickel, lead,
and thallium) exceeded their corresponding MCL or Secondary Drinking Water Standard but may
be naturally occurring as they were detected up-gradient from the PDO Yard. Additional
information on the findings of the two USAEHA studies is provided in Section 3.4 of this Revised
Final RFI Report,

Several organic and inorganic constituents were identified in groundwater and soil samples from
the PDO Yard. Based on these studies, however, the PDO Yard was not identified as the source
of elevated nickel, lead, thallium, iron, and manganese in groundwater. Further investigation into
an antimony anomaly was recommended in WDES No. 38-26-K2KZ-94. The groundwater was
found to be contaminated with PCE above the drinking water MCL.
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M&E was previously retained by the USACE to perform a site investigation at the PDO Yard in
response to the site becoming listed on hazardous sites inventory (HSI). A Compliance Status
Report (CSR) was prepared by M&E for the PDO Yard and was submitted (by Fort Stewart)
to the EPD in accordance with Georgia Rule, Chapter 391-3-19-.06 (3). The CSR was
submitted in response to the EPD’s determination that a release exceeding reportable quantities
had occurred at the PDO Yard based on sample analytical results provided in United States
Army Environmental Hygiene Agency (USAEHA) reports. The purpose of the CSR was to
document the current status of the PDO Yard with regard to the Risk Reduction Standards
(RRS) of Rule 391-3-19-.07 for all regulated substances associated with the release at the PDO
Yard. The CSR provided documentation on the horizontal and vertical extents of soil and
groundwater contamination. In addition, background concentrations for each COPC were
identified. However, the Hazardous Site Response Program delegated oversight for the
corrective action at the PDO Yard to the Facilities Compliance Program of the GA EPD in
correspondence dated March 10, 1998 (Cash to Brown).
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SECTION 2.0
SITE DESCRIPTION AND LOCATION

2.1  Demography, Surface Features And Land Use

The total population of Chatham County, taken from the 1990 census, is 216,935. This translates
to an approximate population density of 336 persons per square mile, There are 8,111 houses
with approximately 12.5 houses per square mile. The area surrounding the Airfield is largely
commercial, with the majority of facilities located along Abercorn Extension. Residential areas
exist north, south, and west (beyond the rail line) of HAAF, Few surface features delineate the
PDO Yard. Elevation is relatively flat except for a manmade hill (from a nearby lake excavation)
located to the southeast and southwest. Trees are scattered along this hill. A railroad track runs
along the northwest side of the PDO Yard. Further to the north lies the Lamar canal which flows
towards the west. The PDO Yard has been used as a storage facility for used oil and off-
specification JP-4, scrap metal storage, and a temporary storage site for hazardous waste as
discussed in Section 1.2,1,

22 Sails

The PDO Yard is undetlain primarily by the Chipley-Leon-Ellabelle soil association. The Chipley-
Leon-Ellabelle soil association consists of moderately well drained and poorly drained, sandy soils
on broad, low ridges and very poorly drained soils that have loamy underlying layers in
depressions and drainage ways. Slopes range from about 0 to 2 percent. This association is
comprised of about 30 percent Chipley soils, 25 percent Leon soils, 2 percent Ellabelle soils, and
25 percent minor soils (Olustee, Ocilla, Pelham soils) (USDA, 1974).

According to the United States Department of Agriculture (USDA) report, the texture of the
Chipley soils is a fine sand to a depth of 6 feet or more, A seasonal high water table is 15 to 36
inches bls. In some places within the investigation area, the soil profile has been altered by
cutting, filling, grading, and landscaping. In this urban land, the identification of soils is
impractical due to the presence of urban facilities. A generalized description of the near-surface
soils can be found in Table 1.

2.3  Local Geology

Soil borings performed by M&E as part of environmental investigation activities at HAAF have
documented local geological conditions from the surface to approximately 40 feet bls. The
lithology of the soil samples is described and recorded on boring logs presented in the following;
Final Corrective Action Plan - Part A for former Building 728, M&E, 1996; Final Corrective
Action Plan - Part B for the Departure Arrival/Airfield Control Group (DAACG) Facility, M&E,
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1996; Final Completion Report - Former Building 133, M&E, 19954, the Final Completion
Report - Former Building 710, M&E, 1995b; and Appendix B of this Revised Final RFI Report.

Lithology beneath these sites consists predominantly of brown and tan fine to very fine sand with
a little silt (silty sand). Layers of clayey sand and silt were also present at some locations, The
lithology beneath the PDO Yard consists of brown and gray, fine to medium sand, silty in places
(20-25%). Layers of sandy clay were also present around 3 to 5 feet bls. The near-surface
lithology beneath the PDO Yard is consistent with undifferentiated alluvial deposits identified in
previous M&E investigations.

2.4 Groundwater

The previously described shallow lithologic units form the surficial aquifer at the PDO Yard,
Although aquifer parameter tests were not performed on soils or wells at the PDO Yard, three
shelby tube samples were collected and eight slug tests (slug-out) were performed during the
CAP-Part B investigation at former Building 728 which has the same general lithology. The
former Building 728 site is located approximately 1400 feet northeast of the PDO Yard. The
shelby tube samples were analyzed for grain size, effective porosity and moisture content. The
slug tests were conducted on six shallow monitoring wells and two deep monitoring wells.

Shelby tube samples were collected from 2 to 4 feet, 6 to 8 feet and 10 to 12 feet bls during the
former Building 728 investigation. The laboratory analyses indicate the hydraulic conductivities
(K) of the samples range from 2.30 x 107 feet per second (feet/sec) to 1.74 x 107 feet/sec. The
average K of the two shelby tubes collected within the saturated zone (below 6 feet bls) was 1.15
x 10 feet/sec, which is typical of medium-grained sand. Slug tests were also conducted on six
shallow monitoring wells and two deep monitoring wells during the former Building 728
investigation. The Hvorslev slug test method was used to calculate the formation hydraulic
conductivity. The average hydraulic conductivity calculated for the shallow monitoring wells is
5.48 x 10 feet/sec and the average hydraulic conductivity calculated for the deep monitoring
wells is 7.55 x 10 feet/sec.

Results of sieve analyses from the eleven new monitoring wells at the PDO Yard indicated the site
was underlain by fine-grained sands. An average groundwater seepage velocity of 0.72 feet per
day (fpd) for the movement of groundwater across the site was calculated using a hydraulic
gradient of 1.3 x 107 feet per feet (at the PDO Yard) and the average hydraulic conductivity and
effective porosity values of 1,15 x 10™ feet/sec and 0.18, respectively, from the nearby Building
728 investigation.

All newly-installed and existing wells were surveyed to obtain accurate top of casing elevations.
This elevation was then used to measure the depth to groundwater at each well. Groundwater
was encountered at the PDO Yard at 5 to 7 feet bls. Soil boring samples were wet at
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approximately 3 to 5 feet bls. Initial measurements from monitoring wells estimated the
groundwater level to be 6 feet bls. Based on the site potentiometric map, Figure 3, groundwater
flow is north to northwest toward Lamar canal. Topographic survey information is provided in
Appendix C.

2.5  Surface Water Hydrology

Surface water samples were taken in Lamar canal as described in Section 4. Water depth in the
canal averaged about 6 inches to 1 foot during sampling, but it is higher during periods of heavy
rains. The water was clear with large amounts of aquatic plants growing along the banks. Flow
was consistent with a low velocity.

2.6  Site Conceptual Model

The conceptual site model is a simplified illustration of potential contaminant sources, receptors,
and migration pathways. A detailed explanation of the site conceptual model developed for the
PDO Yard was provided in the Work Plan. Additional discussion of the site conceptual model is
provided in the Risk-Based Corrective Action Implementation Plan, Appendix D. A schematic
illustration of potential contamination sources at the PDO Yard is provided in the appendix. A
flow diagram which shows the possible exposure pathways by which the contaminants could
migrate to receptors is also provided. Possible contaminants include volatile and semi-volatile
organic compounds, metals, gross alpha and beta radiation particles (from coal natural radiation),
and petroleum hydrocarbons.

The areas of concern (AOCS) at the site are covered by concrete, asphalt, and grass. The
potential for human exposure to subsurface contamination beneath paved areas is minimal.
Moreover, recent IR activities at the former AST area have successfully removed soil containing
contaminants above screening criteria. However, land disturbing activities in other areas of the
site could result in the following exposures: dermal contact with contaminated soils and waters,
inhalation of volatile organic vapors, inhalation of contaminated dusts, and inadvertent ingestion
of contaminated dusts, Access to the PDO Yard is currently controlled by a locked gate and
fence encircling the facility.

Four water supply wells were identified within a 1-mile radius of the PDO Yard. One of these
wells provide water for the City of Savannah, two wells supply water to Hunter Army Airfield,
and the remaining well services the Seaboard Coast Line rail road yard. Two of these wells
(Hunter 1 and the Seaboard Coast Line well) are located within 0.5 miles of the site. No private
potable wells were identified within a 0.5 mile radius of the PDO Yard. Although the PDO Yard
is located in the high or average groundwater pollution susceptibility area, all public wells in use
within the 1-mile radius are screened at a minimum depth of 259 feet bls. These wells are
hydraulically separated from the surficial aquifer by several interbedded clay layers at depth. The
closest public well (Hunter 1) is located approximately 1,700 feet east (up-gradient) of the PDO
Yard and is cased to a depth of 259 feet bls, Information on the location of all potable wells
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identified within a 1-mile radius of the PDO Yard during M&E’s well survey is provided in Table
2,

Documented reports of investigations conducted throughout the coastal plain area on
groundwater resources indicate three major aquifers exist in the study area: the surficial aquifer,
Brunswick aquifer, and the upper and lower Floridan aquifers (Clarke et al, 1990). Separating the
surficial aquifer from the deeper aquifers are two confining units. The upper confining unit,
Miocene unit A, ranges ip thickness from about 20 feet to 90 feet with a vertical hydraullc
conductivity of 5.3 x 10 to 1.3 x 10" feet/day (Clarke et al, 1990). The Miocene A unit is
encountered approximately 60 feet bls and is roughly 20 feet thick in the Savannah area, The
lower confining unit, Miocene unit B, ranges in thickness from apout 10 feet to 50 feet with a
vertical hydraulic conductivity of 6.7 x 10 feet/day to 1.3 x 10 feet/day (Clarke et al, 1990).
This unit lies directly beneath the Miocene A unit and is approximately 20 feet thick in the
Savannah area. The two confining units that exist between the shallow aquifer and deeper
aquifers (Upper Floridan) limit the vertical migration of contaminants toward the potable wells’
production zone. There are no private residential areas located within a 0.5 mile radius of the
PDO Yard. As such, no private potable wells are present within a 0.5 mile radius of the site. The
depths of the in-use wells identified range from 300 to 1000 feet and are completed in the
Floridan Aquifer.
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SECTION 3.0
SITE ACTIVITIES

M&E’s sampling activities for the RFI at the PDO Yard were designed to determine if
contamination exists above regulatory screening criteria, quantify concentrations, assess the
horizontal and vertical extents of contamination, and determine whether contaminants constitute a
potential threat to human health or the environment. This section summarizes the quantity and
type of samples collected and their locations. A detailed discussion of sampling procedures was
provided in the Chemical Data Acquisition Plan (CDAP); a subsection of the Workplan. Boring
logs prepared during drilling activities are provided in Appendix B. Topographic survey data are
presented in Appendix C. A copy of the field logbook which provides documentation of daily
activity is furnished in Appendix E, Monitoring well construction diagrams are presented in
Appendix F. Well development and sampling records are provided in Appendix G. Analytical
results and data quality summary reports (DQSRs) are provided in Appendix H. A thorough
discussion of soil, groundwater, and surface water quality is provided in Section 4.0 of this
Revised Final RFI Report.

3.1  Phase I Investigation Summary

Soil Investigation:

Twenty-five soil borings (ten hand auger and fifteen power auger locations) were advanced at the
PDO Yard between August 14 and September 16, 1996 as part of Phase I field activities,. Two
soil samples were collected at each of these locations. One sample was collected from a depth of
0 to 2.0 feet bis and the other sample was obtained from the interval with the highest organic
vapor analyzer (OVA) reading. In the absence of any OVA readings or visual contamination, the
second sample was collected from the interval closest to the soil/groundwater table interface.
Two soil samples were also collected from each Phase I monitoring well boring based on the two
highest OVA readings. In the absence of any OVA readings or visual contamination, one sample
was collected near the surface (0 to 4.0 feet bls) and the second sample was collected from the
interval closest to the soil/groundwater table interface.

Groundwater Investigation:

Ten groundwater samples were collected using the Hydropunch II (HP-II) technology between
August 15 and 18, 1996 as part of Phase I field activities at the PDO Yard, These samples were
collected to define the outer boundaries of the contaminant plume. Four new groundwater
monitoring wells were installed during Phase I activities based on chemical analyses of HP-IT
samples to define the horizontal extent of groundwater contamination. Seven existing wells were
also sampled. Data collected from the wells provided groundwater quality, groundwater flow
direction, and potential contaminant migration information,
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3.2 Phase II Investigation Summary

Groundwater and Soil Investigation:

M&E installed four new shallow and three deep monitoring wells during Phase I activities
between July 21 and August 1, 1998, The well locations were selected to delineate the vertical
and horizontal extent of the contaminant plume identified during the Phase I RFL. Two soil
samples were also collected from each Phase II monitoring well boring based on the two highest
OVA readings. A detailed discussion of soil sampling activities is provided in Section 4.
Confirmatory soil samples were also collected by the Installation’s removal contractor (Earth
Tech, Inc.) following excavation activities associated with the IR in July 1998.

M&E returned to the PDO Yard on August 10, 1998 to collect groundwater samples from all
PDO Yard monitoring wells. Low flow peristaltic pumps were used to purge groundwater from
the wells to avoid turbidity in the samples. Samples for inorganic parameters were collected
directly from the pump’s teflon discharge tubing then additional samples for organic parameters
were collected with teflon bailers. All samples were packed and shipped to a laboratory for
analysis of VOCs, SVOCs, and RCRA metals. Analytical results are discussed in Section 4.4 of
this Revised Final RFI Report,

Surface Water and Sediment Investigation:

Two sediment (up-gradient and down-gradient) and three surface water {up-gradient, down-
gradient and cross-gradient) were collected on August 13, 1998 from the drainage canal (Lamar
canal) located north of the PDO Yard. Surface water and sediment sampling locations are
provided in Section 4. Additional surface water and sediment sampling conducted in response to
the April 1999 GA EPD Revised Final RFI review comments, was conducted by SAIC in April
1999. Analytical results from these samples, discussed in Section 4.5, are used to evaluate surface
water and sediment quality in proximity to the PDO Yard.

3.3 Contaminant Source Investigation

A site inspection trip by the Georgia Department of Natural Resources on April 21, 1993,
identified several areas within the fenced PDO Yard used for storage of non-hazardous and
hazardous wastes. A consent order issued by the State initiated two assessments from the U.S.
Army Environmental Hygiene Agency. No spill was ever reported at the PDO Yard. However,
the DNR trip report dated May 18, 1993 noted that containers of freon, liquid petroleum gas,
industrial debris, and waste solvent existed within the PDO yard. Containers of antifreeze, paint,
acetone, electrolyte (potassium hydroxide), polychlorinated biphenyl (PCB) waste, jet propulsion
(P) pads and filters were present in the 90 day HW storage area. Six transformers were also
being stored in the hazardous waste area. Areas within the PDO yard that were used for the
temporary storage of chemicals/hazardous waste were well defined in the project record.
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M&E conducted a review of available records and performed interviews with HAAF personnel in
early 1996 to obtain information about the potential source of contamination at the PDO Yard.
According to Installation personnel, no records were available at that time regarding the types of
waste stored at the PDO Yard, their quantities, or any documentation of leak/spill history. More
recent conversations with Installation and Fort Stewart personnel indicate records of waste
inventories are now maintained by the Department of Public Works at HAAF. These records do
not identify any source areas for contaminants identified i this investigation.

The WDES No. 37-26-J2KZ-94 and No, 38-26-K2KZ-94 conducted by the USAEHA
investigated soil and groundwater quality at the PDO Yard and possible sources of contamination,
Conclusions from the studies were presented in Section 1.2.3. M&E observed apparent oil
staining of surface soil within the AST berm area during sampling activities in August 1996. No
other area within the PDO Yard appeared to be impacted (i.e. visually stained soil, stressed
vegetation, etc.) from past and/or present waste storage practices. The entire berm area was
excavated to a depth of three feet bls during the July 1998 IR and was replaced with clean,
compacted fill material to grade.
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SECTION 4.0
DATA EVALUATION AND EXTENT OF CONTAMINATION

The Phase I field investigation at the PDO Yard was conducted to assess the potential nature and
extent of soil and groundwater contamination, Phase II field activities were undertaken to address
GA EPD comments from their review of the April 1998 Final RFI Report and December 1998
Revised Final RFI Report. The PDO Yard falls under the Resource Conservation and Recovery
Act (RCRA) Division of the Georgia EPD because of the CO, although HAAF does not have a
RCRA permit.

Soil, sediment, surface water, and groundwater data were generated during both Phase I and Phase
II field activities. All data from the Phase I investigation was presented in the Final REI Report
submitted to the GA EPD for review in April 1998. The data presentation in this Revised Final
RFI Report includes a summary of previous analytical results and risk assessment findings from
the original (April 1998) Final RFI Report. This is especially the case for soil data where sampling
at particular drilling locations was not duplicated between the Phase I and Phase II field activities.
However, where updated data exists, as is the case for surface water, sediment, and groundwater
data, emphasis will be placed on the most recently acquired (July/August 1998 and April 1999)
analytical results. Therefore, soil data from both phases of the RFI will be presented in tables and
figures in this Revised Final RFI Report. All surface water, sediment, and groundwater data
presented herein will be from the Phase IT (most recent) sampling activities.

For data quality, the Quality Assurance Program Plan (QAPP-- a subsection of the Workplan)
contains details of the number and types of quality assurance/ quality control (QA/QC) samples. In
general, duplicate samples were taken at a rate of 10 percent of the total number of samples,
equipment rinsate samples were taken at a rate of S percent, and trip blanks were taken at a rate of
one per cooler for groundwater samples designated for volatile organic analysis. In addition, QA
split samples were collected for the USACE-Savannah District laboratory analysis during
performance of sampling activities at a rate of 10 percent.

Rationale for selecting the appropriate RCRA screening criteria are provided in the following
sections. These sections also summarize the quantity and type of samples collected at the PDO
Yard and their respective locations.

4.1  Soil, Sediment, Groundwater, and Surface Water Evaluation Criteria

M&E evaluated applicable screening criteria for this site following applicable federal and state
regulations and guidance documents. Screening criteria developed for this investigation are
presented on Table 3 for soil and sediment and Table 4 for groundwater and surface water, These
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criteria are intended to be protective of both human health and the environment, Federal maximum
contaminant levels (MCLs) established for drinking water, secondary drinking water criteria,
Georgia In-stream Water Quality Standards, EPA Region 3 RBCs (R.L. Smith, September 1996),
EPA Region 4 Freshwater Surface Water Screening Values (FSWSV), EPA Soil Screening Levels
(SSLs), EPA Region 4 Recommended Ecological Screening Values for Soil (RESVSs) and EPA
Region 4 Sediment Screening Values (SSVs) were used as screening criteria to assess data at the
PDO Yard. The GA EPD agreed with a Fort Stewart recommendation to use the 1996 version of
the RBC table in this document (e-mail correspondence between Little and Kahleghi dated June
12, 1999) to maintain consistency with previous versions of the PDO Yard RFI reports. Results
that exceed screening criteria and are not excluded based on further evaluations were selected as
COPCs. Each COPC was further evaluated following Georgia EPD risk guidance.

The human health BRA and preliminary risk evaluation (PRE, conducted for ecological receptors)
evaluate potential risks posed by COPCs. The risk assessment followed guidance provided in
Appendix D. Surface soil (from 0 to 2 feet below land surface- bls), subsurface soil (below 2 feet
bls), sediment, surface water, and groundwater data are evaluated separately. A detailed
discussion of potential human health risks is presented in Section 6.0, Human Health Risk
Assessment. The results of the preliminary risk evaluation (PRE) are provided in Section 7.0,
Ecological Risk Assessment.

Analytical methods for Phase I soil, groundwater, surface water and sediment sample analyses
included VOCs by Environmental Protection Agency (EPA) method 8260, SVOCs by EPA
method 8720, TPH by EPA methods 8100M and 8015M (Diesel Range Organics - DRO, and
Gasoline Range Organics - GRO, respectively), and priority pollutant metals by EPA methods
6000/7000. Gross alpha and beta radiation by EPA method 900.0/9310 were also analyzed in
Phase I soil and sediment samples. The radiological parameter samples were collected to assess
any possible effect of past coal storage in the PDO Yard area. Phase II samples were analyzed
using the same methods with the exception of the collection and sample extraction method for
VOCs in soil and sediment. The Encore ™ sampling device was used for sample collection and
analysis was performed following extraction by EPA Method 5035. No radiological analyses were
required in Phase II soil or sediment samples based on previous Phase I analytical results.

4.2  Background Samples

A background monitoring well (PDO-MWO04) was installed to obtain a representative groundwater
sample hydraulically up-gradient of the PDO Yard. This background sample was used for data
comparison to other samples to assess the potential degree of site impact. Similarly, up-gradient
background soil samples were collected to establish background soil quality conditions. Two soil
samples (PDO-MWB0401 and PDO-MWB0402) were collected from the MWO04 boring. These
samples were used to establish site specific background soil conditions. Results of soil samples
collected at MWO4 identified only trace concentrations of metals; all below the screening criteria.
The LQL for arsenic (<1 mg/kg) at PDO-MWO0401 exceeded the residential RBC (based on
arsenic as a carcinogen) of 0.43 mg/kg. The standard method detection limit (i.e., LQL) was used
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as screening criteria under these circumstances because the laboratory is incapable of accurately
quantifying concentrations at residential RBC levels. Phase II analytical results of groundwater
samples collected from the background well, MWO04, indicated that no contaminants were
identified above LQLs or MCLs.

Background surface water/sediment samples were collected during Phase II activities from PDO-
SW/SEQI, an up-gradient location in Lamar canal (Figure 3). Analytical results of background
surface water and sediment samples indicate all organic parameters were below screening criteria.
Concentrations of zinc in surface water (110 ug/L) exceeded ecological screening criteria of 60
Hg/L (IWQS) and 58.91 pg/L (chronic FSWSV). This moderately elevated level of zing in surface
water, being less that two times the screening criteria, is not considered significant. Zinc did not
exceed the sediment screening criteria at any sample location. The LQL of 10 pg/L for bis(2-
ethylhexyl)phthalate in background surface water sample PDO-SWEO1 was higher than the
screening criteria of 0.3 ug/L (chronic FSWSV) and 5.92 pg/L (IWQS). The LQL (i.¢., the
standard method detection limit) was used as the screening criterion for this compound because the
laboratory is incapable of accurately quantifying concentrations at published chronic FSWSV and
IWQS levels.

4.3  Soil Quality

Surface and subsurface soil samples were collected from a number of locations at the PDO Yard
during the RFL. All soil samples collected during Phase I and Phase II drilling activities were
analyzed for VOCs, SVOCs, TPH-GRO, TPH-DRO, priority pollutant metals, and gross alpha and
beta radiation (Phase I samples only) using methods described in Section 4.1. Tables 5A, 5B, and
5C highlight COPCs detected in surface soil samples. Tables 5D, 5E, 5F, 5G, and SH list COPCs
detected in subsurface soil samples collected at the PDO Yard. Analytical results for specific
components that exceed the soil screening criteria are emphasized on the tables. Confirmatory soil
samples collected by HAZWRAP/ Earth Tech, Inc. during the IR (removal of 450 cubic yards of
soil and the former ASTs) are summarized in Table 5E.

Soil sample results were compared to EPA Region 3 residential RBCs (for surface soil less than 2
feet below land surface- bls), industrial RBCs (for soil greater than 2 feet bls), and EPA Region 4
RESVSs (for ecological evaluation only). The GA EPD allowed Fort Stewart (in e-mail
correspondence between Mr. Brent Rabon (GA EPD) and Ms. Melanie Little (Fort Stewart) dated
June 12, 1999) to use the same version of the EPA Region 3 RBC table as was referenced in the
December 1998 Revised Final RFI for the PDO Yard. In addition to RBCs, EPA SSLs are listed
in Table 3. SSLs are soil values derived for the protection of groundwater. At the request of the
GA EPD, SSLs values used in this report are based on a DAF of 20 for organics and a DAF of 1
for inorganic parameters. EPA guidance (1996a) states that a DAF of 20 should be protective for
sources up to 0,5 acres in size and may be protective of larger sources as well. Using a DAF of 1
for inorganics assumes that no dilution, absorption, or retardation occurs in the soil column, EPA
SSLs are used in conjunction with the RBC values but are not considered justification alone to
exclude a chemical from the baseline risk assessment. Likewise, exceeding an SSL (especially the
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SSL based on a DAF of 1) will not necessarily require that 8 HHCOPC be carried through the
baseline risk assessment. This is especially the case for inorganic parameters where confirmatory
groundwater results are available. SSLs are used in this RFI report as additional information when
the concentration of 8 HHCOPC is considered marginal for consideration in the baseline risk
assessment.

Soil sample analytical results from the Phase I and Phase II (including the IR samples) were
reviewed against screening criteria to assess potential risks. A discussion of samples that exceed
screening criteria is provided in the following paragraphs. A complete evaluation of potential
human health and ecological risks is provided in Sections 6 and 7, respectively.

Surface soil;

Twenty three shallow soil samples were collected during Phase I and Phase II field activities at the
PDO Yard. Again, surface soil samples are those collected between 0 and 2 feet bls. Analytical
summaries of COPCs identified in surface soil samples are provided in Tables SA, 5B and SC.
Complete laboratory reports are provided in Appendix H. Hand augered soil samples can be
identified by the “HA” incorporated into the sample ID (i.e., PDO-HAOI). Split-barrel samplers
were used to collect soil samples from monitoring well and power auger soil boring locations. Soil
samples collected at monitoring well locations include an “MW” and the sample ID (i.e., PDO-
MWO01). Soil samples from soil borings are identified using an “SB” in the sample identification
(i.e., PDO-SBOI1).

Several metals were detected in surface soil samples at concentrations that exceed screening
criteria, Arsenic, cadmium, and chromium concentrations exceeded screening criteria in a number
of soil samples. In many cases, the LQL was greater than the screening criteria. The standard
method detection limit (i.e., LQL) was used as screening criteria under these circumstances
because the laboratory is incapable of accurately quantifying concentrations at residential RBC
levels. Concentrations of cadmium and chromium were all below residential RBCs. However,
several samples exceeded the EPA SSL based on a DAF of 1. The LQL for arsenic exceeded the
residential RBC of 0.43 mg/kg at all locations. The lowest LQL for arsenic was <1.1 mg/kg, For
comparison purposes, arsenic concentrations were evaluated with respect to the industrial RBC of
3.8 mg/kg. The industrial RBC was exceeded at 10 of 23 sampling locations, Arsenic
concentrations in surface soil are illustrated on Figure 5. No other inorganic COPCs were
identified at concentrations above screening criteria.

Benzo(a)pyrene was the only organic compound identified in the 23 surface soil samples at a
concentration exceeding screening criteria. The LQL for benzo(a)pyrene was greater than the
residential RBC of 0.088 mg/kg for all soil samples. The LQL was used as screening criteria for
this compound because the laboratory is incapable of accurately quantifying concentrations at
residential RBC levels. Concentrations of benzo(a)pyrene exceeded the industrial RBC of 0.78
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mg/kg in only 1 of 23 locations. Benzo(a)pyrene was detected at SBO1 (1.6 mg/kg) slightly
exceeding the industrial RBC of 0.78 mg/kg but was below the SSL of 8 mg/kg,

All soil samples collected during the Phase I investigation were also analyzed for gross alpha and
beta radiation, No soil criteria exist for gross alpha and gross beta parameters. However, within
the accuracy of the analytical method (considering +/- qualifiers), the results were fairly close to
quantitation limits.

Subsurface soil:

Subsurface soil samples were collected during Phase I and Phase II investigations at the PDO
Yard. These soil samples were collected from depths greater than 2 feet bls. Analytical summaries
of COPCs identified in subsurface soil samples are provided in Tables 5D, SE, SF, 5G, and SH.
Complete laboratory reports are provided in Appendix H. Hand augered soil samples can be
identified by the “HA” incorporated into the sample ID (i.e., PDO-HAO01). Soil samples collected
at monitoring well locations include an “MW” and the sample ID (i.e., PDO-MWO01) and samples
from soil borings are identified using an “SB” in the sample identification (i.e.,PDO-SBO1).
Confirmatory soil samples collected by Earth Tech (under a HAZWRAP contract with Fort
Stewart) as part of the July 1998 interim removal project are identified by the prefix “ET” in the
sample identification,

No organic parameters were identified in any subsurface soil sample collected by M&E at
concentrations above the EPA Region 3 Industrial RBCs. The only metal that exceeded the
industrial RBC was arsenic. Arsenic was identified in 4 of 50 locations at concentrations
exceeding the industrial RBC of 3.8 mg/kg, Arsenic concentrations in subsurface soil are
illustrated on Figure 6. The LQL for both cadmium and chromium exceeded the SSL based on a
DAF of 1 at several locations, However, no concentration of cadmium of chromium exceeded the
industrial RBC,

Confirmatory soil samples were collected as part of the Phase IT IR action. The ASTs were
removed and the soil around the former AST locations, including the berms, was excavated to a
depth of about 3 feet bls with the exception of the northeast corner where the excavation was
taken down to a depth of 4,2 feet bls. Analytical data from Phase I soil sampling locations within
the area excavated during the IR (e.g., HA0S, HA07, HA08, HA09, HA10) has been excluded
from this Revised Final RFI Report in accordance with GA EPD. The excavation pit was
approximately 50 feet x 75 feet and produced about 450 cubic yards of soil. Eight soil samples
were collected by Earth Tech, a HAZWRAP subcontractor, to document the source material
removal (see Figure 2 for sampling locations and Table SH for analytical results). Soil samples
collected during the IR were analyzed for VOCs, SVOCs, and priority pollutant metals. No target
analytes were identified in any of the confirmatory soil samples above screening criteria.
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4.4  Groundwater Quality

Groundwater samples were collected during Phase I of the RFI using direct-push (hydropunch,
HP-II) methods and from permanent groundwater monitoring wells. The only contaminant
identified in hydropunch samples was benzene (at a concentration of 2 ug/L) in one of ten
sampling locations, Each HP-II sample was collected from within the upper five feet of the
watertable. These HP-II analytical results were used as field screening data to select locations for
permanent Phase I groundwater monitoring well installation. As a result of comments received
by the GA EPD on the April 1998 Final RFI Report, all permanent groundwater monitoring
wells were resampled in August 1998 as part of Phase II field activities. Groundwater samples
were collected from eleven existing and seven new monitoring wells after purging each well with a
low-flow peristaltic pump. A low-flow purging technique was used to avoid creating the turbidity
observed in the Phase I samples. Samples for inorganic parameters were collected directly from
the low flow pump’s teflon discharge tubing. The organic parameter samples were collected with
teflon bailers. All samples were packed on ice and were shipped to a laboratory for VOC, SVOC,
and RCRA metals analyses. Table 6 lists the contaminants identified in groundwater samples
collected during the Phase II sampling effort. Only the Phase II groundwater data is evaluated in
this Revised Final RFI Report because these samples, containing very low turbidity as a result
of low-flow rate purging, more accurately reflect actval groundwater conditions. Complete
laboratory reports are provided in Appendix H. These Phase II groundwater results are
compared to EPA Region 3 RBCs for tap water and MCLs in this report. Constituents detected at
or above groundwater screening criteria included benzene, PCE, and bis(2-ethylhexyl)phthalate.

Organics in the Shallow Aquifer:

Benzene was detected in the following monitoring well samples; PDOMWO1 (64 pg/L),
PDOMWO2 (4 pg/L), PDOMWO06 (36 pg/L), PDOMW1-23 (13 pg/L), and PDOMW1-25 (29
ug/L). Benzene concentrations in groundwater are illustrated on Figure 7. The concentration of
benzene in PDOMWOLI increased slightly when compared to Phase I sample results; however,
benzene in all other wells decreased slightly since the Phase I investigation. Contaminated soil in
the former AST area were removed during the IR activities and were the suspected source of
benzene identified in groundwater. The EPA Region 3 RBC for benzene is 0.36 pg/L while the
Federal MCL is 5.0 ug/L. The quantitation limit for benzene was 2.0 pg/L thereby presenting
difficulty in interpreting the significance of results listed as <2 pug/L in Table 6. The benzene
MCL was exceeded at 4 of 18 groundwater monitoring wells. Figure 6 indicates the suspected
source of benzene is near the waste 0il/JP-4 bermed area.

PCE was detected in groundwater samples from PDOMWO2 (16 png/L), PDOMWOS (47 ug/L),
PDOMW1-22 (11 pg/L), and PDOMW1-24 (15 pg/L). Groundwater screening criteria for PCE
include the EPA Region 3 RBC of 1.1 pg/L and the Federal MCL of 5 ug/L. PCE concentrations
presented in Figure 7 seem to be localized between the railroad tracks and the storage bays
outside the fenced area.
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Organics in the Deeper Portion (25 to 35 feet BLS) of the Shallow Aquifer:

M&E installed three deep wells, PDOMW09, PDOMW 10, and PDOMW11, during the Phase II
field activities. Bis(2-ethylhexyl)phthalate was detected in the August 1998 PDOMW10
groundwater sample at 14 pg/L, which exceeds the RBC of 4.8 ug/L.. The source of this
compound in this down-gradient deep groundwater monitoring well is unknown, Subsequent
quarterly groundwater sample results from this well fail to confirm the presence of bis(2-
ethylhexyl)phthalate. Quarterly reports detailing the results of groundwater samples collected in
August 1998 (also covered in this RFI report), November 1998, and February 1999 were
submitted to the GA EPD (Perez to Khaleghi) in correspondence dated June 1999, The single
occurrence of this contaminant is most probably associated with laboratory contamination or an
anomaly and is therefore not considered to be significant. Neither benzene or PCE was detected in
any deep monitoring well,

Inorganics in the Shallow Aquifer:

Several inorganics were identified in Phase I groundwater samples at concentrations that exceeded
screening criteria. The suspected source of inorganics in these samples was suspended sediment
(i.e., turbidity). Phase IT groundwater samples were collected following purging with low flow
peristaltic pumps until turbidity measurements were below 10 nephelometric units (NTU) or until
the well had been purged for 12 hours. Only PDOMW11 (15.01 NTU) and PDOMW1-19 (28
NTU) failed to reach the 10 NTU criteria. Analytical results indicate that the only inorganic
present in groundwater samples above the LQL was barium. All barium concentrations were
several orders of magnitude lower than screening criteria. Turbidity in samples was apparently
responsible for the false-positive detections or elevated concentrations of metals identified in Phase
I groundwater samples.

Inorganics in the Deeper Portion (25 to 35 feet BLS) of the Shallow Aquifer:

Inorganics were not detected above their respective LQLs in the groundwater samples collected
from the deep wells.

4.5  Surface Water Quality

The State of Georgia DNR EPD has promulgated TWQS under Chapter 391-3-6. In addition,
EPA Region 4 has established FSWSVs with both acute and chronic screening values for the
protection of ecological receptors. These standards are, in some cases, more stringent than the
federal MCLs, The State IWQS and FSWSVs are the criteria used to evaluate any risks associated
with surface water contact in the nearby drainage ditch. M&E personnel collected surface water
samples from three locations in Lamar canal in August 1998. In April 1999, SAIC returned to the
PDO Yard in response to GA EPD comments to collect two additional surface water samples.

The locations of surface water sampling sites are provided on Figure 7. Analytical results of
surface water samples are presented in Tables 7 and 8 and in Appendix H. Bis(2-
ethylhexyl)phthalate was identified in surface water sample PDOSWEO2 at 16 pg/L in August
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1998; well below the acute FSWSV of 1,110 pg/L but above both the IWQS (5.92 pg/L) and the
chronic FSWSV (<0.3 pg/L) screening criteria. This compound was present near the LQL of 10
pg/L and, like the single detection in the groundwater sample from PDOMW10, is likely
associated with laboratory contamination or an anomaly. Additionally, bis(2-ethylhexyl)phthalate
was not identified in any Phase I (August 1996) or quarterly (November 1998, February 1999, or
May 1999) surface water sample. Zinc was identified in all three Phase II samples above
ecological screening criteria. Zinc concentrations ranged from 70 pug/L in the down-gradient
sample (PDO-SWEO03) to 110 pg/L in the up-gradient (PDO-SWEO1) sample. Zinc has been
present in varying concentrations in surface water samples collected during the quarterly
monitoring program. Results over the monitoring period have ranged from 40 ug/L to 200 pg/L
and may be heavily dependent on sediment load in the canal,

4.6  Sediment Quality

Sediment results were compared to soil screening values and available sediment criteria derived for
ecological evaluations, Sediment samples were collected by M&E personnel from three locations
in Lamar canal in August 1998. In April 1999, SAIC returned to the PDO Yard in response to GA
EPD comments to collect two additional sediment samples. The locations of sediment sampling
sites are provided on Figures 4 and 5. Analytical results of sediment samples are presented in
Tables 9 and 10 and in Appendix H. Total chromium results exceeded the SSL for hexavalent
chromium based on a DAF of 1 in the August 1998 samples but all other COPCs were below their
respective screening criteria. The LQL for phenanthrene marginally exceeded the EPA Region 4
ecological sediment screening value (SSV) in 1 of the SAIC samples and the LQL was utilized as
the screening criterion by default at this location. Arsenic concentrations in both SATC samples
exceeded the residential RBC. Cadmium and chromium were identified at concentrations above
the SSL based on a DAF of 1, however, no concentration exceeded any human health or ecological
screening criteria. Lead concentrations in SAIC sample PD2500 (135 mg/kg) exceeded the SSV
of 30.2 mg/kg although the lead value in PD1500, located approximately 25 feet down stream of
PD2500, contained only 8.8 mg/kg of lead. These analytical results demonstrate the high degree
of variability in inorganic COPC concentrations over a relatively short lateral distance.
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SECTION 5.0
CONTAMINANT FATE AND TRANSPORT

The fate and transport of metals and organic compounds are functions of both site characteristics
and the physical and chemical interactions between the contaminants and the site media. The
physical and chemical properties of the contaminants that influence these interactions include, but
are not limited to, solubility in water, tendency to transform or degrade (usually described by an
environmental half-life in a given medium), and chemical affinity for solids or organic matter
(usually described as partitioning coefficient “K,” , organic carbon partitioning coefficient “Ko.” ,
or octanol/water partitioning coefficient “K.."). These properties and how they affect the behavior
of detected analytes at the PDO yard are described below.

5.1  Physical and Chemical Properties of Inorganic COPCs

Inorganic analytes detected at the PDO yard, when associated with the aqueous phase in a soil, are
subject to movement with soil water. Aqueous transport mechanisms may result in metal
migration through the vadose zone to groundwater. Metals, unlike organic compounds, are not
degraded. However, some metals, such as arsenic (identified in soil samples at concentrations
above screening criteria), can be transformed to other oxidation states in soil, reducing their
mobility and toxicity. Metals may also react with soil particles or other solid surfaces by ion
exchange, adsorption, precipitation, or complexation. Such reactions are affected by pH,
oxidation-reduction conditions, and the type and amount of organic matter, clay, and hydrous
oxides present. In general, these reactions cause an element’s mobility to be retarded. The
retardation factor is largely derived from the partitioning coefficient (Ky) but is affected by the soil
bulk density and soil moisture content. The dissolved/aqueous fraction and its equilibrum fraction
are of primary importance when considering the migration potential of metals associated with soils.
The filterable inorganics represent the dissolved fraction, which is the more mobile and bioavailable
fraction. Soluble compounds are transported in aqueous forms that are subject to retardation.
Insoluble compounds remain as precipitates and limit the overall dissolution of a metal.

5.2 Physical and Chemical Properties of Organic COPCs

The organic constituents detected at the PDO Yard include VOCs and SVOCs. Volatile organics
are nonmethane organic compounds characterized by high vapor pressures and Henry’s Law
constants, moderate to low Koy , and low K. As a result, these chemicals tend to be mobile in the
environment, These contaminants may be degraded in the environment by various processes
including hydrolysis, oxidation/reduction, photolysis, or biodegradation. Environmental half-lives
of organic compounds in various media can vary from minutes to years, depending on the chemical
and on environmental conditions. Degradation usually reduces the toxicity but may not eliminate
the threat to human health and the environment completely. The mobility of an organic compound
is affected by its volatility, its partitioning behavior between solids and water, water solubility, and
concentration, Water solubility and the tendency to adsorb to particles or organic matter can
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correlate with retardation in groundwater transport. The organic carbon partition coefficient (K )
indicates the tendency of an organic chemical to be adsorbed to organic material in soil.

A low K, value indicates that a chemical can easily be leached from soil to water. A high K.
value indicates that a chemical has a strong affinity to bind to organic material in soil. The
octanol/water partition coefficient (Ko.) represents the distribution of a chemical between octanol
and water phases under equilibrium conditions. These values are normally reported in logarithmic
form and represent the tendency of a chemical to move between organic material, such as soil, and
non-organic phases such as water. Values less than 1.0 tend to remain dissolved in water rather
than adsorb onto organic material, Values greater than 4.0 are more likely to remain adsorbed to
organic material rather than migrate to water.

Vapor pressure and Henry’s Law constant are two measures of chemical volatility. Vapor
pressure is a measure of the volatility of a chemical from its pure state at a specific temperature. A
higher vapor pressure, > 1mm Hg, indicates a greater tendency for movement of a chemical from
water or soil into air. Henry’s Law constant considers the interaction between water solubility and
vapor pressure and is an important predictor of a chemical’s volatilization from water to air. A
large Henry’s Law constant, > 1x10-3 atm-m3/mole, indicates a tendency for a chemical to readily
move from water into air.

Chemicals with relatively high water solubilities and low adsorption coefficients (e.g., acetone,
methyl ethyl ketone, methylene chloride, etc.) are expected to remain primarily as dissolved phases
and be transported at the same rate as the groundwater flow. Chemicals with lower water
solubilities and higher adsorption coefficients (e.g., polynuclear aromatic hydrocarbons—PAHs)
are expected to remain primarily adsorbed to the surface of the soils and their transportation with
the groundwater would be more limited and occur at a much slower rate.

In groundwater, biodegradation or decay of organic compounds is controlled by a variety of
factors including; the chemical structure of the compound and its susceptibility to biological
breakdown, the presence and population size of microorganisms capable of metabolizing the
chemical, nutrient availability (e.g., oxygen, water, mineral ions) and the presence or absence of
inhibitory substances. The decay or breakdown rates are described by the substance’s half-life.
Contaminants with long half-lives have a greater potential for contaminating groundwater than do
those with shorter half-lives.

At the PDO yard, benzene and PCE were the only organic compounds consistently identified at
concentrations above the screening criteria. The presence of bis(2-ethylhexyl)phthalate in one
groundwater sample is most likely associated with laboratory contamination or an anomaly and is
not discussed further in this section. Benzene is a volatile aromatic hydrocarbon with a low Koy
and moderate K., causing it to migrate readily through the soil column toward groundwater.
Degradation of benzene by hydrolysis is minimal in the subsurface. Benzene is less dense than
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water and when it comes in contact with groundwater tends to float on top of the water column.
PCE, a chlorinated aliphatic hydrocarbon, has a tendency to leach rapidly to groundwater rather
than to adsorb to soil particles due to a moderate K, and high water solubility. Once in
groundwater, PCE is very mobile because of its moderate K, and low K,,. A major mechanism
for removal of these chemicals from groundwater is volatilization, as indicated by high Henry’s
Law constants. Being denser than water, PCE may migrate vertically through a saturated medium
as a separate phase. Table 10 shows the physical and chemical properties of benzene and PCE;
organic compounds consistently identified in the groundwater above screening criteria.
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SECTION 6.0

HUMAN HEALTH RISK ASSESSMENT

The State of Georgia requires that all RCRA facilities choosing to set remediation levels based on
an assessment of risk to human health and the environment prepare risk assessment
documentation and propose remediation levels according to the Guidarnce for Selecting Media
Remediation Levels at RCRA Solid Waste Management Units (Georgia EPD 1996). Georgia
EPD (1996) guidance is based on the guidance contained in EPA Region 4 Bulletin, Supplemental
Guidance to RAGS, Human Health Risk Assessment (EPA 1996a). Where there are differences
with EPA guidance, the Georgia EPD 1996 guidance document takes precedence. The PDO
Yard human health risk assessment discussed in the following sections was conducted in
accordance with the Georgia EPD guidance and procedures outlined in the Risk-based Corrective
Action Plan provided in Appendix D.

6.1  Evaluation of Potential Receptors

M&E conducted a Potential Receptor Survey (PRS) during the RFI. The conceptual site model,
discussed in Appendix D, was used as a basis to investigate surrounding land use, groundwater
use, and potential receptors (both human and ecological) with respect to the PDO Yard. This
section identifies those populations that may be exposed to site related contaminants (SRCs). The
receptor populations are identified under both current and future conditions. Potential changes in
land-use are evaluated to determine whether they may result in the presence of more sensitive
receptor populations in the future,

Projecting future land-use scenarios and associated receptors involves considerable uncertainty.
The following sections present conservative estimates of potential receptor populations in the
future; an approach intended to prevent premature elimination of human health COPCs from the
screening process. Following suggestions of the GA EPD, the future use evaluation was
performed using a residential exposure scenario. This evaluation results in the most conservative
approach to assessing risk to potential future receptor populations.

All of the four public and commercial water supply wells identified within a 1-mile radius of the
PDO Yard develop water from the Floridan Aquifer. Two confining units exist between the
shallow aquifer and deeper aquifers (Upper Floridan) thereby limiting the vertical migration of
contaminants toward the wells’ production zone. Therefore, human exposure to contaminants
identified in the shallow groundwater at the PDO Yard through these public/commercial supply
wells is unlikely.

Article C of the Savannah City Code, Section 5-1053, prohibits the use of any surface well within
city limits where city water mains are accessible unless an exception to the Code is granted by
petition. Hunter Army Airfield is located just south of the Savannah city limits. Similarly, areas
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northwest and west of the PDO Yard (Lamarville on Figure 1) are not within the city limits. A
windshield survey of the Lamarville area indicated that numerous residential wells are used for
potable water supply. The closest private potable well identified during the October 1997
windshield survey is approximately 2800 feet west northwest of the PDO Yard. Well
construction details for the Lamarville area could not be obtained during the windshield survey.
However, an informal interview with a property owner suggested that wells produce water from
the shallow aquifer (a reference was made to “hand dug wells”). The groundwater use
investigation conducted as part of the PRS indicated that no shallow groundwater is used for
potable water supply within 0.5 miles of the site. In addition, Lamar canal is located between the
PDO Yard and the Lamarville residential area. M&E anticipates that the canal is in hydraulic
contact with the shallow aquifer based on the sandy, unconfined lithology of the area and a
hydraulic head drop of approximately three feet between MW1-22 and the SWE02 location
(Figure 3). This sharp increase in the hydraulic gradient near the canal bank indicates that
groundwater seepage into the ditch is ongoing, Therefore, the canal acts as a hydraulic barrier for
westward contaminant migration in the shallow aquifer, Human consumption of shallow
groundwater down-gradient of the study area is therefore not considered to be a completed
exposure pathway. However, the potential exposure pathway for on-site residential ingestion is
considered in response to GA EPD’s April 1999 comments on the December 1998 Revised Final
RFIL,

The PRS indicated that a potential exists for exposure to HHCOPCs in the open drainage ditch
(Lamar canal) located north of the PDO Yard. This man-made surface water drainage feature
eventually empties into Springfield canal which flows southwest and joins the Little Ogeechee
River more than 3 miles downstream of the site. However, interviews with HAAF personnel
indicate that the open drainage ditch is not used by HIAAF personnel for any recreational
purposes, The sides of the ditch, being heavily vegetated and steep, are not conducive to casual
human contact. Therefore, the potential for human exposure to water or sediment in the ditch is
remote,

A visual survey of the site and adjacent areas indicate that no buildings exist within the
documented contamination plume, thereby eliminating the potential for human exposure to
volatile compounds by vapor migration.

Receptor populations are typically divided into on-site and off-site receptors, On-site receptors
are those individuals who may be present within the site boundaries and come into direct contact
with contaminants present. The “site” in this case consists of the entire investigation area covered
under the PDO Yard investigation. The exposure to off-site receptors occurs when a migration
pathway transports a contaminant off-site to a point of exposure for the potential receptor. Only
on-site receptors are considered in this risk assessment since the entire vertical and horizontal
extent of contamination in soil, groundwater, surface water, and sediment has been delincated
within the boundaries of the PDO Yard investigation area.
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Human health risks associated with contaminated soil are considered in this Revised Final RFI at
the request of the GA EPD. Surface soil, according to the GA EPD, is soil within 2 feet of land
surface. Any soil sample collected from depths greater than 2 feet bls is considered a subsurface
soil sample. Soil analytical results (tables, figures, etc.) presented in this Revised Final RFI are
separated into surface and subsurface groups based on the depth the sample was collected.
Specific screening criteria are used for each of the soil sample categories as recommended by GA
EPD.

6.2  Screening for Human Health Chemicals of Potential Concern (HHCOPCs)

In accordance with Georgia EPD Guidance for Selecting Media Remediation Levels at RCRA
Solid Waste Management Units (November 1996), risk-based corrective action was evaluated.
The approach compared site data to minimum screening criteria and identified chemicals
exceeding screening values as HHCOPCs. For soil and sediment, the minimum screening criteria
for human health risk evaluation consisted of EPA Region 3 residential RBCs (for surface soil),
industrial RBCs (for subsurface soil) and EPA Region 4 SSLs based on a DAF of 20 for organic
HHCOPCs and a DAF of 1 for inorganic HHCOPCs. The DAF of 1 was selected for inorganic
HHCOPCs following the advice of GA EPD personnel (in a telephone conversation between
Michelle Burgess and David Wilderman on June 21, 1999) and represents a highly conservative
“no dilution” approach to evaluating potential impacts to groundwater. EPA SSLs were used in
conjunction with the RBC values but were not considered justification alone to exclude a chemical
from the baseline risk assessment. The SSL was used as additional information when a value is
considered marginal for consideration for the baseline risk assessment.

EPA Region 3 tap water RBCs were used as minimum criteria for HHCOPCs in groundwater and
surface water. The GA EPD agreed with a Fort Stewart recommendation to use the 1996 version
of the RBC table in this document to maintain consistency with previous versions of the PDO
Yard RFI reports. Both carcinogenic risk and noncarcinogenic hazards were calculated in the
human health evaluation. Calculated values are based on potential exposure pathways,
consideration of current and future site use, and published toxicity data.

6.3  Baseline Risk Assessment

Risk evaluation under this BRA compares the maximum value detected in each medium with its
respective screening value. Exceeding the screening value means that a potential risk may exist
and that those chemicals exceeding their respective screening values should be evaluated more
carefully. Contaminants identified as HHCOPCs may be evaluated further if not excluded by
other elements in the data review and risk assessment process.

The identification of SRCs for each environmental medium (surface soil, subsurface soil,
groundwater, sediment, and surface water) was addressed in Section 4 of this RFI report. The
HHCOPC selection process involves two steps. The initial step is the comparison of SRC
concentrations to the appropriate screening values, Given the conservative nature of the
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screening values, a weight-of-evidence analysis is presented for those chemicals that exceed their
respective screening values to determine whether a baseline risk assessment is required.

The weight-of-evidence screening includes an evaluation of the constituent’s frequency of
detection, detected concentration relative to detection limits, frequency of detection above
background (for inorganic COPCs), and the frequency in which results exceed screening
criteria, The Risk Assessment Guidance for Superfund (RAGS) (EPA 1989) presents a
weight-of-evidence threshold criterion of greater than a 5 percent frequency of detection before
a constituent should be considered site-related. This criterion is used in the evaluation

presented below,

6.3.1 Exposure Assessment

Risk associated with on-site exposure to COPCs in groundwater, soil, sediment, and surface
water is quantified following Georgia EPD guidance in this section. Two confining units exist
between the shallow aquifer and deep water-supply aquifer; the Floridan. In addition, local
ordinances prohibit the installation of drinking water wells in the shallow aquifer. Given the
limited migration potential and restrictions for shallow groundwater consumption, no
groundwater exposure exists based on current conditions. However, the potential exposure
pathway for future on-site residential ingestion is considered in response to GA EPD comments
on the December 1998 Revised Final RFI. No other groundwater pathway is considered to be
potentially complete. The potential for current exposure to COPCs in soil, sediment, and surface
water is remote because of access restrictions to the area and the type of activities conducted at
the PDO Yard. However, these pathways are also considered in the BRA.

Groundwater:

The Phase I analytical results from the August 1998 groundwater samples confirmed the
presence of benzene, PCE, and bis(2-ethylhexyl)phthalate in concentrations at or above
groundwater screening criteria, Only concentrations of benzene and PCE exceeded their
respective MCLs. Table 6 lists analytical results and LQLS for chemicals analyzed in
groundwater samples and the associated risk-based screening levels. For all groundwater
parameters, the LQL was lower than the federal MCL which also is risk-based. The “<” sign in
the results column of the tables indicates a parameter was not detected at a concentration above
the LQL (i.e., undetected). Analytical results provided in the tables that exceed screening criteria
are emphasized for ease of use.

The LQLs for benzene, PCE, and bis(2-ethylhexyl)phthalate were higher than the tap water RBCs
at all groundwater sampling locations. Bis(2-ethylhexyl)phthalate was identified in one location
(deep well PDOMW10) at a concentration marginally exceeding the LQL and RBC. This
compound is a common laboratory contaminant and this single occurrence is not considered
significant. Additional groundwater sampling data collected as part of a quarterly groundwater
monitoring program ongoing at the PDO Yard failed to identify bis(2-ethylhexy!)phthalate in any
well. The Installation submitted results of data available from the quarterly monitoring program

WPI017830\PDO\RFI\RFIFINAL. DOC 64 September 2, 1999




Delivery Order No, 0020

Revised Final RCRA Facility Investigation Report, Old PDO Yard
M&E Project 017830

to the GA EPD (Perez to Khaleghi, June 1999) for review. Consequently, bis(2-
ethylhexyl)phthalate is not considered a HHCOPC in groundwater. No other organic or inorganic
HHCOPC was present in groundwater samples above screening criteria.

Since shallow groundwater is not used for drinking water purposes now or under anticipated
future conditions, comparison to tap water RBC values is very conservative. Benzene and PCE
exceed the tap water criteria and are retained as HHCOPCs in groundwater for quantitative risk
evaluation. As a further conservative step, risk characterization assumes a residential scenario for
groundwater exposure which, given the current and anticipated future use of HAAF and the PDO
Yard, is unlikely, All analytical results from the Phase II groundwater samples are considered in
this risk assessment,

Soil:

Soil samples were collected from hand auger, power soil auger, and groundwater monitoring well
locations during the Phase I assessment at the PDO Yard. Additional soil samples were collected
during the IR activity (confirmatory samples) conducted as part of the Phase II assessment and
during Phase II groundwater monitoring well installation. Based on the human health screening,
only benzo(a)pyrene and arsenic were identified as a HHCOPCs. Tables 5A through SH list
analytical results and LQLs for chemicals analyzed in samples and the associated risk-based
screening levels. The “<” sign in the results column of the tables indicates a parameter was not
detected at a concentration above the LQL (i.e., undetected). Analytical results provided in the
tables that exceed screening criteria are emphasized for ease of review.

The LQL for benzo(a)pyrene was greater than the residential RBC at all Phase I and Phase II soil
sampling locations. The LQL was used as screening criteria for this compound because the
laboratory is incapable of accurately quantifying concentrations at residential RBC levels.
Benzo(a)pyrene was detected above the LQL at 2 of 23 surface soil sample locations.
Benzo(a)pyrene concentrations of 1.6 mg/kg (PDO-SB01) and 0.59 mg/kg (PDO-HAQ6) exceed
the residential RBC of 0.087 mg/kg, The compound was not identified in any of the 50
subsurface soil samples above screening criteria. Both detections were below the 8 mg/kg SSL
based on a DAF of 20 for migration to groundwater. Additionally, the compound was not present
in any groundwater sample. The two detections of benzo(a)pyrene are not located adjacent to
each other and therefore are not indicative of a specific source area, Both of the sampling
locations are within the locked compound of the PDO Yard where access is strictly controlled.
Additionally, concentrations of benzo(a)pyrene at both locations was within one order of
magnitude of the LQL and well below the EPA SSL. The presence of benzo(a)pyrene in 2 of 73
soil samples at the reported concentrations is not considered significant given current and
anticipated future use of the site. However, benzo(a)pyrene is retained as a HHCOPC in soil
because concentrations at the two sampling locations exceeded screening criteria and the LQL is
elevated with respect to the residential RBC.
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The LQL for arsenic exceeded the residential RBC of 0.43 mg/kg (based on a 1 in 1,000,000
cancer risk) at all locations. The lowest LQL for arsenic was <1,1 mg/kg. Arsenic was identified
at PDO-MWOI (28 mg/kg) and PDO-SB14 (26 mg/kg). These concentrations exceed all human
health screening criteria under this investigation. These two sample locations are not situated
adjacent to each other and therefore are not indicative of a specific source area. However, arsenic
is retained as a HHCOPC in soil because concentrations at the two sampling locations exceeded
screening criteria.

The results of confirmatory soil samples collected following the July 1998 IR (discussed
previously and presented in Table 5H) indicate that all HHCOPCs were below screening criteria.
Therefore, the IR successfully removed all impacted soil from the former AST area and mitigated
the risk associated with surface and near surface soil contamination identified during the Phase I
assessment.

In accordance with EPA Soil Screening Guidance (EPA, 1996), contamination in subsurface soil
was also evaluated relative to protection of groundwater from soil leaching. Concentrations of
cadmium and chromium in several samples exceeded the EPA SSL based on a DAF of 1 but were
below their respective RBCs. A review of groundwater analytical results indicate that no
inorganic parameter exceeds any tap water RBC thereby indicating cadmium and chromium do
not present a threat to groundwater quality through leaching. Therefore, cadmium and chromium
are not retained in the BRA based solely on exceeding the SSL based on a DAF of 1.

Sediment:

No sediment data exceeded any human health screening criteria (industrial or residential RBCs).
Concentrations of chromium exceeded the SSLs based on a DAF of 1 at all locations. The SSL
used for this site was developed by EPA based on the hexavalent (Cr+6) chromium state (not the
more common trivalent, Cr+3, state). Hexavalent chromium in the environment rapidly oxidizes
to the trivalent state and would represent only a small fraction of the total exposure to chromium.
However, the hexavalent chromium SSL is used as a screening criterion because it is more mobile
and more toxic than the trivalent state. Chromium was not detected in any surface water sample.
Therefore, chromium was not retained as a HHCOPC based solely on exceeding the SSL based
on a DAF of 1. Cadmium also exceeded the SSL at 1 of 5 sediment locations but was excluded
from further consideration in the BRA because it was not detected in any surface water sample.
Arsenic was identified in the two sediment samples collected by SAIC at concentrations of 0.64
and 0.9 mg/kg, These concentrations marginally exceed the residential RBC of 0.43 mg/kg and
are below the SSL based on a DAF of 1 (1 mg/kg). No arsenic was present in surface water
samples, Based on this marginal exceedence of the residential RBC and remote potential for
contact, arsenic was not retained as an HHCOPCs in sediment. Development of RLs for
sediment is unnecessary since no HHCOPCs were retained. The sediment medium was
therefore eliminated from the BRA.

Surface Water:
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Bis(2-ethylhexyl)phthalate was the only constituent detected in a surface water sample which
exceeded human health screening criteria, Bis(2-ethylhexyl)phthalate was detected at
PDOSWEQ2 (16 pg/L); exceeding the tap water RBC of 4.8 pg/L. This compound was
present near the LQL of 10 pg/L and, like the single detection in the groundwater sample from
PDOMW10, is likely associated with laboratory or an anomaly. Additionally, bis(2-
ethylhexyl)phthalate was not identified in any Phase I (August 1996) or quarterly (November
1998, February 1999, or May 1999) surface water sample. Wading does not occur in the stream
and therefore no exposure pathway exists under current or anticipated future site use,
Therefore, bis(2-ethylhexyl)phthalate is not considered an HHCOPC and development of RLs
for surface water is not warranted, The surface water medium was therefore eliminated from the
BRA based on the analytical data.

6.3.2 Toxicity Assessment

In quantifying risk, compounds are classified as carcinogenic or noncarcinogenic. The
carcinogenic toxicity assessment considers a weight-of-evidence classification and a slope factor.
The weight-of-evidence is a measure of the likelihood that a compound is a human carcinogen.
The weight-of-evidence for the HHCOPCs are given in Table 14. Classifications for HHCOPCs
are A, B2, C and D; where group A compounds are human carcinogens, B2 compounds are
probable human carcinogens (sufficient evidence has been demonstrated in animals, but
inadequate or no evidence exists for humans), C compounds are possible human carcinogens, and
D compounds that are not classifiable as to human carcinogenicity. The slope factor (SF) is an
estimate of the dose-response relationship. The slope factor is usually an upper-bound lifetime
probability and is a measure of risk per unit dose. Health criteria for noncarcinogens are based
upon the reference dose (RfD) which is an estimate of an exposure level unlikely to result in
adverse human health effects during a lifetime. Toxicity data obtained from the EPA Integrated
Risk Information System (IRIS) are also summarized in Table 12. A risk assessment issue paper
for PCE is also referenced since a SF for PCE is not available on IRIS or the EPA Health
Assessment Summary Table (HEAST).

6.3.3 Risk Characterization

Groundwater:

Calculating risk associated with groundwater contaminants identified at the PDO Yard is based on
the following steps.

1. Identify average background concentrations (inorganics only).

2. Perform weight of evidence screen,

3. Compare to risk-based screening criteria any constituent identified at least once over
background. Retain organic constituents as COPCs if they exceed screening criteria
and are valid with respect to the weight of evidence screen. Retain inorganic
contaminants as COPCs if they exceed twice the average background concentration.
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4, Calculate intake rates for COPCs,

5. Calculate increased lifetime cancer risk (ILCR or risk) and noncarcinogenic
Hazard Quotient (HQ) for COPCs.

6. Calculate total risk (ILCRyy,;) and Hazard Index (HI) for simultaneous exposure to
COPCs.

7. Conduct an uncertainty analysis to validate risk-based calculations.

8. Retain any COPC as a COC if it exceeds an acceptable level of risk (1 x 10 for
carcinogens or a HQ>1 for noncarcinogens).

9. Consider cumulative effects of COPCs and COCs by evaluating ILCRy,, and the HI.
Determine if ILCRy and the HI exceed acceptable risk levels (1 x 10¢ to 1x 10
for carcinogens or a HI>1 for noncarcinogens).

10. Develop remedial levels for COCs

HHCOPC:s retained from the exposure assessment are considered to be either a human carcinogen
(benzene) or a probable human carcinogen (PCE). Baseline risk for benzene and PCE are
evaluated in this section. The expression for groundwater ingestion is given by equation 6.1
below.

CDI = (CW x IR x EF x ED)/(365 x BW x LT) (Equation 6.1)

where: CDI = Chronic daily intake (mg/kg-day)
CW = Chemical concentration in water (mg/L)
IR = Ingestion rate (L/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
LT = Lifetime (years)

The exposure factors used for a residential exposure scenario and the corresponding references
are summarized in Table 13. The residential exposure scenario, however unlikely at this site, is
used at the request of the GA EPD and represents the most conservative approach to estimating
risk at the PDO Yard. No current exposure to groundwater exists and no likely future use of
shallow groundwater will occur at the site. All HHCOPC risk calculations are provided in
Appendix D with a description of the risk assessment process.

The arithmetic average concentration (based on the contaminated portion of the plume) was
calculated for each HHCOPC identified in groundwater. Values above the residential RBC were
used in calculating the arithmetic average. As summarized in Table 13, the EPA Region 4, EPA
RAGS values and Georgia EPD default values used for ingestion rate, exposure frequency, and
exposure duration were the same.

In accordance with EPA Region 4 guidance, risk can be quantified for parameters which have
published toxicity data. Consequently, the potential carcinogenic effects of benzene and PCE are
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estimated. Potential increased lifetime cancer risk (ILCR), or risk, is based on the relationship
ILCR = CDI x SF, and potential noncarcinogenic effects are calculated based on the relationship
Hazard Quotient (HQ) = CDI/R{D. The ILCR (1 and Hazard Index (HI) are the summation of
ILCRs and HQs for individual compounds, A spreadsheet showing calculations for each
HHCOPC is provided in Appendix D, Attachment 2.

Using the input data and equations given above, the following estimates were derived:

Increased lifetime cancer risk (ILCR)

Benzene: Risks = 9.94 x 10°
PCE:; Risky = 1.36 x 10”

Summation: ILCR 0 =2.36% 10°

Chemicals are not considered as significant contributors to risk and therefore are not included as

HHCOCs if their individual carcinogenic risk contribution is less than 1 in 1,000,000 (10®) and

their noncarcinogenic HQ is less than 0.1 (EPA, 1996a). Trigger levels used by Georgia EPD to

evaluate potential health effects are 1 x 10 for carcinogenic risk and a noncarcinogenic hazard

index of 0.1. Both benzene and PCE exceed the carcinogenic risk threshold of 107 for

groundwater ingestion. Benzene and PCE are carried through the quantitative risk assessment as _
HHCOCs . None of the noncarcinogenic hazard index values exceed their respective trigger (
levels so they are not retained as HHCOCs in the BRA. Remediation levels should not exceed a 1

x 107 risk level for carcinogens or a hazard quotient of 3 for noncarcinogens. Although benzene

and PCE exceeded a 1 x 10 trigger level based on carcinogenic effects, they are well within the

acceptable risk range of 1 x 10° to 1 x 107 defined by EPA and the Georgia EPD.

The calculated risk level is extremely conservative because no groundwater consumption
presently occurs and none is anticipated in the future. Additionally, the residential exposure
scenario considers drinking 2 liters of groundwater per day, 350 days per year for 30 years, which
is highly improbable. The exposure concentration used in calculating risk was the arithmetic
average in the most highly contaminated part of the plume. Given anticipated future site use as a
90-day HW storage facility, a well would not be located within the worst plume area evaluated.

The Installation is aware that the GA EPD will not accept risk calculations for constituents
which exceed their respective MCLs regardless of risk assessment calculations, For this
reason, proposed RLs for benzene and PCE are equal to their respective MCLs of 5 pg/L.

Soil:

Human health risk associated with HHCOPCs in soil was also evaluated. The selection of
COPC:s in soil (see Tables 5A through 5H) was performed by comparing maximum detected /
concentrations in samples to risk-based screening values. Benzo(a)pyrene and arsenic were
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identified as HHCOPCs in surface soil. Arsenic was the only HHCOPC identified in
subsurface soil.

Benzo(a)pyrene was positively identified in only 2 of 23 surface soil samples at concentrations
above the residential RBC of 0.088 mg/kg. Only one sample location exceeded the industrial
RBC of 0.78 mg/kg, which, given current and anticipated site use, is more applicable at this
site. Benzo(a)pyrene was delected at this location (SBO1, 1,6 mg/kg) at approximately twice
the industrial RBC but significantly below the SSL of 8 mg/kg. Additionally, the sample was
collected at 2 feet bls; a depth considered by EPA as a subsurface soil horizon (EPA, 1996a).
Benzo(a)pyrene was not detected above the industrial RBC in any of the 50 subsurface soil
samples collected at the PDO Yard or in any groundwater sample.

Arsenic was present in both surface and subsurface soil samples at concentrations exceeding
the screening criteria. The LQL for arsenic exceeded the residential RBC of 0.43 mg/kg at all
locations. The lowest LQL for arsenic was <1.1 mg/kg. For comparison purposes, arsenic
concentrations in surface soil (0 to 2 feet bls) were evaluated with respect to the industrial RBC
of 3.8 mg/kg. The industrial RBC was exceeded at 10 of 23 surface soil sampling locations.
Arsenic was identified in 4 of 50 subsurface soil sampling locations at concentrations exceeding
the industrial RBC of 3.8 mg/kg. The average concentration of arsenic in subsurface soil is 1,71
mg/kg. The average includes all positive detections of arsenic and one half the value of the LQL
at locations where arsenic was not detected. This average concentration in subsurface soil is well
below the industrial RBC. Therefore, risks associated with arsenic in subsurface soil is not
considered in the BRA. Risk associated with arsenic exposure in surface soil is characterized in
this section.

Exposure scenarios were developed for each potential receptor population. These scenarios
address where a receptor is likely to come into contact with soil and identify the appropriate
exposure pathways (ingestion, dermal contact, etc.) for that receptor, A detailed discussion of
the potential exposure pathways at the PDO Yard is provided in Appendix D. Two potential
receptor populations, the on-site worker and on-site resident, are evaluated in the BRA for
exposure to HHCOPCs in soil, No digging below 2 feet bls is anticipated at the site under
current or potential future use scenarios. In addition, risks associated with HHCOPCs in
subsurface soil that were initially retained for characterization in the BRA were eliminated
based on rationale discussed above. The concentrations of HHCOPCs in soil are assumed to
remain constant over the exposure period and are based on monitoring dafa. Data collection
from the PDO Yard investigation is essentially random in nature and the average HHCOPC
concentration and 95% upper confidence limit (UCL) on the mean concentration is used for
conservative evaluation of adverse health effects,

On-Site Worker. Under current and future conditions, an on-site worker could be exposed to
HHCOPCs in surface soil at the site as a result of direct contact and incidental ingestion of
particulates. Total cancer risks associated with benzo(a)pyrene and arsenic in soil to this
population are 8.68 x 10°° and 3.09 x 10°, respectively. All risk calculations are provided in
Appendix D, Attachment 3. The ILCR,,, for all risks is 3.96 x 10°, The ILCR for arsenic
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marginally exceeds the trigger level of 1 x 10, The conservative exposure assumptions used
in the risk characterization would lead to an overstatement of risk to the on-site worker.
Considering that the ILCR ,,, is well within the acceptable range of 1 x 10 to 1 x 10°
accepted by the EPD, the conservative assumptions, and the unlikelihood of actual exposure to
contaminants at the PDO Yard, remedial actions to protect the worker exposed to soil are not
warranted.

On-Site Resident, Although not a likely receptor for the PDO Yard, the on-site resident is
included as a worst-case scenario for exposure to HHCOPCs in soil. This scenario assumes
that a family lives on the site. Since both benzo(a)pyrene and arsenic are classified as potential
human carcinogens, the adult exposure scenario is considered the more conservative scenario
for estimating potential cancer risks. This is based on the longer exposure duration for the
adult as compared with the child. The child scenario is typically used to evaluate potential
risks associated with systemic exposures, given the child’s lower body weight and relatively
higher water ingestion rate per unit body weight.

Total cancer risks associated with benzo(a)pyrene and arsenic in soil to this population are
3,72 x 10 and 1.32 x 10°%, respectively (see Appendix D, Attachment 4), The ILCR ,, for
all risks is 1.70 x 10°. The ILCR for arsenic marginally exceeds the trigger level of 1 x 106,
The conservative exposure assumptions used in the risk characterization would lead to an
overstatement of risk to the on-site worker. Considering that the ILCR,, is well within the
acceptable range of 1 x 10* to 1 x 10°® accepted by the EPD, the conservative assumptions,
and the unlikelihood of residential development at the PDO Yard, surface soil remedial actions
to protect this hypothetical population exposed to surface soil are not warranted.

6.4  Uncertainty

There are uncertainties associated with all phases of the BRA, including collection and
laboratory analysis of the samples, exposure assessment, toxicity assessment, and risk
characterization. These uncertainties are considered to be inherent in the risk assessment
process and are typically addressed by applying conservative and often overly conservative
assumptions to increase protection to potentially affected populations.

Uncertainties associated with the collection and laboratory analysis of the sampling data may
impact the results of the HHCOPC selection process. These uncertainties result from the
potential for contamination of samples during collection, preparation, or analysis and from
normal error in the analytical techniques. These uncertainties are minimized by the laboratory
validation process and by performing analyses consistent with current EPA guidance,

Uncertainty is also associated with the criteria used for the selection of COPCs. Uncertainties
are also inherent in development of screening values. The use of conservative assumptions
when selecting the screening values coupled with the use of low toxicity assessment endpoints
(i.e., the use of an HI of 0.1 and an ILCR of 1 in 1,000,000} ensures that those constituents
most likely to contribute significantly to potential risks are evaluated.
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The most conservative land-use scenario (residential) was evaluated in the BRA in addition to
the on-site worker scenario. The probability that the PDO Yard would be used for residential
purposes or that the shallow aquifer underlying the site would be used for drinking water is
extremely low. Physiological values (e.g., body weight, inhalation rates) and behavioral
values (e.g., average time spent in one place and amount of groundwater ingested) used to
model the reasonable maximum exposure (RME) are a combination of average and upper-
bound levels taken from reliable sources. The use of upper-bound estimates will tend to
overestimate exposure for RME. Therefore, the range of potential risks is likely to be greater
than the actual risks. This approach provides conservative, health-protective values for the risk
assessment.

The toxicological parameters used to quantify potential risk to a receptor include CSFs and
RfDs. These values are often derived from laboratory animal studies. Uncertainties associated
with the use of laboratory animal studies arise during the extrapolation of; (1) the toxic effects
observed at the high doses in the animal studies to much lower, environmentally relevant
doses, and (2) the toxic effects differences between animals and man. The EPA has derived
CSPs using a weight-of-evidence approach from studies in the scientific literature. The CSFs
represent the upper 95 percent confidence limits on the slope of the dose response curve for
carcinogenic responses. Because CSFs represent the near upper limits of the slope of the line,
the use of the CSF is more likely to overestimate the actual risk than underestimate it. The
RfDs used to characterize noncarcinogenic effects are derived using studies in humans or
animals by identifying the lowest-observed-adverse-effect level (LOAEL) or no-observed-
adverse-effect level (NOAEL). An uncertainty factor, a product of as many as five separate
factors, is utilized in the determination of the LOAEL and NOAEL to account for uncertainty
in determining individual values.

The risk characterization evaluates the potential risks associated with exposure to numerous
chemicals via multiple pathways. There is uncertainty associated with exposure to chemical
mixtures because chemicals may have synergistic or antagonistic effects on other chemicals.
For the purposes of this risk assessment, it was assumed that all chemicals have additive
toxicity and that the potential health effects would be equal to the sum of each of the individual
chemical actions. This approach may result in the overestimation or underestimation of certain
risks.

In general, sources of uncertainty may be categorized into site-specific factors (e.g., variability
in analytical data and exposure parameter assumptions) and toxicity factors. The use of
conservative assumptions in the risk assessment is believed to result in an overestimation of
risk. Actual site risks are likely to be lower than the estimates presented in this RFI report.
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6.5  Human Health Risk Assessment Summary

The human health risk assessment consisted of a comparison of soil, sediment, groundwater, and
surface water data to risk-based screening values. Based on the results of the risk assessment,
the following can be concluded:

e« HHCOPCs in soil are not present at concentrations that require remediation for the
protection of on-site workers under current use or potential residents under a future use
scenario.

e There are no HHCOPCs in surface water or sediment,

¢ Benzene and PCE were identified as HHCOPCs in groundwater and concentrations of both
constituents exceeded their respective RBCs and MCLs.

e Risk calculations for benzene and PCE indicated the calculated carcinogenic and
noncarcinogenic human health risks are below the recommended threshold values as
defined by Georgia BPD and the EPA. Therefore, further human health risk assessment is
not required for the PDO Yard.

o Proposed RLs for benzene and PCE are their respective MCLs of 5 pg/L.

No current groundwater exposure exists. Evaluating shallow groundwater use for future drinking
water (i.e. comparison to the MCLs/RBCs) is very conservative. Additionally, the residential
exposure scenarios for groundwater use are extremely unlikely given regional confining units exist
between the shallow aquifer where contamination was identified and deep aquifer where drinking
water wells are located, Only conservative default assumptions were used in the assessment, All
noncarcinogenic effects were below target threshold levels for all media. All constituents
contributing to carcinogenic risk were within the acceptable range defined by EPA and EPD (1 x
10 to 1 x 10™*). Based on the rationale provided above, remediation levels for groundwater
equal to the MCL for benzene and PCE are selected for the site. No RLs were derived for
HHCOPCs identified in soil,
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SECTION 7
ECOLOGICAL RISK ASSESSMENT

The State of Georgia requires that all RCRA facilities choosing to set remediation levels based on
an assessment of risk to human health and the environment prepare risk assessment
documentation and propose remediation levels according to the Guidance for Selecting Media
Remedjation Levels at RCRA Solid Waste Management Units. This guidance is based on the
guidance contained in EPA Region 4 Bulletins, Supplemental Guidance to RAGS, Ecological
Risk Assessment (EPA 1996b) and Ecological Risk Assessment Guidance for Superfund: Process
Jor Designing and Conducting Ecological Risk Assessments (EPA 1997). Where there are
differences with EPA guidance (EPA 1996b, 1997), the Georgia EPD 1996 guidance document
takes precedence. The PDO Yard ecological risk assessment discussed in the following sections
was conducted in accordance with the Georgia EPD guidance and procedures outlined in the
Risk-based Corrective Action Plan provided in Appendix D.

Risk is the likelihood of experiencing adverse effects. Ecological risk assessments identify and
evaluate the risk to biota exposed to chemical contaminants and physical and biological hazards.
The ecological risk assessment for the PDO Yard focuses on evaluating the potential for harmful
effects on ecological receptors as a result of exposure to chemicals.

The assessment of risk for ecological receptors at the PDO Yard is being conducted in a phased
approach according to Georgia EPD guidance (Georgia EPD 1996). As shown in the flowchart
of the Georgia EPD ecological risk assessment process (see Appendix D), the two phases are:

¢ Preliminary Risk Evaluation (PRE) and
¢ Ecological Risk Assessment (ERA).

The PRE compares measured concentrations of site-related contaminants to conservative
ecological screening values for one or more ecological receptors. Only those facility-related
contaminants that are indicated to be potential hazards in the PRE are evaluated as ecological
ECOPCs in an ERA. The basic approach to the ERA is similar to that of the PRE but site-
specific data are used to quantify exposure and evaluate effects in the ERA (Georgia EPD 1996).
Appropriate site-specific data include concentrations of contaminants in animals and plants (tissue
residues) and toxicity tests (EPA 1996b). Remediation levels for protection of ecological
resources are developed and proposed only for those ECOPCs identified as ecological
contaminants of concern (ECOCs) in the ERA, if one is required.

7.1  Preliminary Risk Evaluation

The purpose of the PRE is to identify substances detected at the PDO Yard that pose a potential
hazard to ecological receptors. Ecological COPCs are those substances that are detected at the

WPI01 7830\ PDO\RFI\RFIFINAL.DOC 7-1 September 2, 1999




Delivery Order No. 0020
Revised Final RCRA Facility Investigation Report, Old FDO Yard
M&E Project 017830

PDO Yard at concentrations exceeding ecological screening values provided they are not
eliminated in subsequent steps of the PRE,

According to GEPD (1996), the PRE consists of five steps:

i, Ecological screening value comparison,
ii, Preliminary problem formulation,

iii. Preliminary ecological effects evaluation,
iv. Preliminary exposure estimate, and

V. Preliminary risk calculation.

The laboratory quantitation limits for chemicals analyzed were sufficiently low to allow
comparison to risk-based screening levels. Tables 5 through 10 list analytical results and LQLs
for chemicals analyzed and the associated risk-based screening levels. For most ECOPCs, the
LQLs were less than or equal to the risk-based screening values making a direct comparison to
screening criteria possible. For some ECOPCs, the LQLs were higher than the risk-based
screening levels. The LQL was used as screening ctiteria for these compounds because the
laboratory is incapable of accurately quantifying concentrations at residential RBC levels. The
“<” sign in the tables indicates the analyte was not detected at a concentration above the LQL.,

As shown in the flowchart of the GEPD ecological risk assessment process (Appendix D), all
substances detected are screened as ECOPCs by comparing the maximum detected concentration
to the ecological screening values (ESVs). This approach assumes that the most sensitive
receptors are those that live in direct contact with the medium and are exposed by muitiple
pathways to contaminants. If no ECOPCs are identified based on the screening (Step i), then no
further evaluation is required. If ECOPCs are identified based on the screening, then ECOPCs are
evaluated further (Steps ii through v).

7.1.1 Ecological Screening Value Comparison (Step i)

EPA Region 4 has developed ESVs for surface water and sediment which are used in
preliminary screening. Ecological screening values were not intended as remediation levels
since they are based on conservative endpoints and sensitive ecological effects data.
Exceedences of the ecological screening values may indicate the need for further evaluation of
the potential ecological risks. The frequency, magnitude, and pattern of exceedences are alt
considered. The EPA Region 4 ecological surface water screcning criteria are intended to
protect 95% of the species, 95% of the time. Sediment values are derived from toxicity
observations and statistical procedures. Currently there are no peer-reviewed, ecologically
based screening levels for soil. The US EPA issued a memorandum entitled; Ecological Risk
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Assessment at Military Bases: Process Considerations, Timing of Activities, and Inclusion of
Stakeholders, which provides ecological screening values for surface soil (EPA 1998). Draft
Recommended Ecological Screening Values (RESVSs) will form the basis for evaluating
ECOPCs in surface soil at the PDO Yard. These RESVSs were obtained from EPA Region 4
(via e-mail correspondence between Sharon Thoms and David Wilderman). The RESVSs
selected as screening criteria are based on US Fish and Wildlife Service values for moderate
soil contamination which require additional study.

The ESVs used to identify ECOPCs at the PDO Yard are EPA Region 4 Freshwater Surface
Water Screening Values (FSWSV), EPA Region 4 Sediment Screening Values (SSVs), and Draft
RESVSs for soil. The surface water ESVs are also used to evaluate potential impact to
groundwater receptors. Although there are no receptors anticipated to come in direct contact
with groundwater, some mixing of groundwater and surface water media takes place in seeps on
the bank of Lamar canal. For analytes without Region 4 ESVs, screening values are proposed
based on other methods and data obtained from published toxicological data bases including the
Hazardous Substances Data Bank, Integrated Risk Information System (IRIS), Ambient Water
Quality Criteria (AWQC), and Georgia IWQS. These additional ESVs are risk-based criteria
designed for the conservation of fish, wildlife, and other beneficial aquatic life. Ecological
screening values are conservative to prevent elimination of any contaminant that may pose
ecological risk (EPA 1997).

7.1.1.1  Evaluation of ECOPCs in Surface Water

Three surface water samples were collected during the Phase I investigation from Lamar canal;
located north of the PDO Yard. Lamar canal is a man-made ditch which flows into Springfield
canal; a tributary of Little Ogeechee River, The canal is marshy, has a fairly low flow rate, and
the water level is generally less than one foot except during periods of heavy rainfall. The Phase I
surface water and sediment analytical results (from September 18, 1996) were verified during the
Phase IT RI investigation by collecting samples from the same locations. M&E collected three
surface water samples; PDO-SWEO1, PDO-SWE02, and PDO-SWE03 on August 13, 1998,
Results of Phase II samples, collected specifically for ecological risk evaluation, were compared
to ESVs in the ecological screening value comparison presented in the December 1998 Revised
Final RFI report. GA EPD comments on the report mandated that additional surface water and
sediment samples be collected in close proximity to the most contaminated groundwater
monitoring well (MWO6). These additional surface water samples (PD1600 and PD 2600) were
collected by SAIC on April 16, 1999. Analytical results of all Phase II surface water samples are
summarized in the following section and are quantitatively evaluated in this Revised Final REI
Report. Sampling locations are illustrated on Figure 7.

Bis(2-ethylhexyl)phthalate, a common laboratory contaminant, was detected in the PDO-SWE02
surface water sample at 16 pg/L; above the chronic FSWSV. The concentration was, however,
two orders of magnitude lower than the 1,110 pg/L acute FSWSYV. Since bis(2-
ethylhexyl)phthalate was only identified in one Phase IT groundwater sample (deep well
PDOMW10) a correlation cannot be made between the PDO Yard as a source and its presence in
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surface water. Additionally, bis(2-ethylhexyl)phthalate was not identified in any Phase I
(September 1996) or quarterly (November 1998, February 1999, or May 1999) groundwater or
surface water sample. This compound is likely a result of laboratory contamination or an anomaly
and was not retained as an ECOPC in the ecological risk assessment. A summary of surface
water analytical results and screening criteria are provided in Table 7 and Table 8.

Zinc was also detected in surface water samples at concentrations exceeding both chronic (58.91
ng/L) and acute (65.04 pg/L) EPA Region 4 FSWSVs. The most elevated zinc concentration,
110 pg/L, was identified in the up-gradient sample location PDO-SWEO1 (August 1998). Zinc
concentrations in the April 1999 SAIC surface water samples PD1600 and PD2600 were
significantly lower than screening criteria (12.1 pg/L and 19.5 pg/L, respectively). These samples
were collected from locations exhibiting the highest probability for adverse effects from the PDO
Yard. Zinc detections were also compared to Ambient Water Quality Criteria (AWQC) for
freshwater fish and aquatic life. The acute and chronic AWQC are 120 and 110 pg/L,
respectively, based on a hardness of 100 mg/L CaCO3. The levels of zinc in surface water are all
below the acute and chronic AWQC and decrease to the ESWSYV levels at sampling locations
down-gradient of the PDO Yard. All zinc values in proximity of the PDO Yard were below
concentrations identified in the background (up-gradient) sample. This indicates that the PDO
Yard is not a source of zinc contamination and that ecological receptors in the drainage ditch are
not at risk from marginally elevated zinc concentrations in surface water. Zinc was not retained
as an ECOPC for further evaluation in the PRE based on surface water sample results.

Lead was present in all surface water samples above the IWQS (1.3 pg/L) and chronic FSWSV
(1.32 pg/L). No lead concentrations in August 1998 surface water samples exceeded the acute
FSWSV of 33.78 pg/L. Lead concentrations ranged from 2.9 pg/L to 13.4 pg/L with an
arithmetic average concentration of 9.34 pg/L. As was the case for zinc above, the highest
concentration of lead was detected in the up-gradient sample SWEO1 at 13.4 ug/L. Lead
concentrations in SAIC surface water samples PD1600 and PD2600, collected from locations
exhibiting the highest probability for adverse effects from the PDO Yard, were the lowest
concentrations identified in surface water samples (each 2.9 pg/L). Additionally, lead
concentrations in all surface water samples from the November 1998 and February 1999 quarterly
sampling program were below the 5 pug/L detection limit. Lead was once again present in the
May 1999 up-gradient surface water sample SWEO1 at 56 pg/L. This indicates that the PDO
Yard is not the source of elevated lead observed in surface water samples. However, ecological
receptors in the drainage ditch may be at risk from elevated lead concentrations in surface water.
Lead was not retained as an ECOPC for further evaluation in the PRE because the development
of RLs for lead and subsequent remedial measures would not be initiated in association with the
PDO Yard area. Further evaluation of the source of lead in Lamar canal and potential risks to
ecological receptors could be performed if the present concentrations suggest an unacceptable
level of risk exists. No other inorganic or organic ECOPC was identified in surface water during
Step i of the PRE.
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7.1,1.2  Evaluation of ECOPCs in Sediment

Sediment samples were also collected from all surface water sampling locations during the Phase
ITinvestigation (i.e., collocated). M&E collected three sediment PDO-SWEO], PDO-SWE02,
and PDO-SWEOQ3 on August 13, 1998. SAIC personnel collected two additional sediment
samples, PD1500 and PD2500, on April 16, 1999 (also collocated with surface water sample
locations PD1600 and PD2600). The two SAIC samples were collected in close proximity to the
most contaminated groundwater monitoring well (MWO6) to assess risks most likely attributed to
the PDO Yard. Analytical results of all Phase II sediment samples were compared to ESVs in the
ecological screening value comparison,

Lead was identified in Phase II sediment samples at concentrations above EPA Region 4
ecological SSV. A summary of ECOPCs in sediment and their accompanying SSVs is provided in
Table 9 and Table 10. Background (up-gradient) sediment sample results from PDOSWE-01
indicated that only lead exceeded its SSV of 30.2 mg/kg. Of all the sediment samples collected by
M&E, the up-gradient sample (PDOSWEO1) contained the most elevated lead concentration (50
mg/kg). See Figure 9 for sediment sample locations and analytical results. The most down-
gradient sample (PDOSWEO3) contained 36 mg/kg compared with a SSV of 30.2 mg/kg. The
PDOSWEQ3 duplicate contained 24 mg/kg, thus averaging the two values results in a lead
concentration of 30 mg/kg. Only 16 mg/kg lead was identified in PDOSWE02; located directly
down-gradient of the PDO Yard, which is below its respective ecological screening value, Lead
was detected above the SSV in only one of the three sediment samples collected during the
November 1998 quarterly sampling and in none of the February 1999 or May 1999 quarterly
samples. The lead concentration in the November SWEO03 sample (the most down-gradient
location) was 71 mg/kg compared with its February result of 2.6 mg/kg indicating a high degree
of variability in analytical results. No lead concentrations exceeded the SSV when evaluated
using average lead concentrations at each sampling location over the quarterly monitoring
program,

Lead was also detected in samples PD1500 (8.8 mg/kg) and PD2500 (135 mg/kg), collected by
SAIC. Lead concentration in the two samples exhibit a high degree of variability considering they
were collected adjacent (within 25 feet) to each other.

Lead is most likely attributed to natural occurrence or a source located up-gradient of the PDO
Yard based on the distribution of lead in sediment samples. Analytical results also indicate that
lead concentrations vary significantly at the same locations over time. Lead concentrations were
not consistently confirmed above SSVs at individual sampling locations. Moreover, considering
that the home range of potential ecological receptors covers an extended length of Lamar canal,
isolated periodic exceedence of the SSV at low concentrations is not considered significant. Lead
is therefore not retained as an ECOPC in sediment for this site.
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Barium was present in all samples but no published SSV exists. Therefore, barium is retained as
an ECOPC by default. Barium concentrations ranged from 16 mg/kg in the sample directly down-
gradient of the PDO Yard (PDOSWEO2) to 76 mg/kg at the furthest down-gradient
(PDOSWEO3) sample location. The up-gradient sample, PDOSWEO1, contained 42 mg/kg of
barium,

7.1,1,3  BEvaluation of BCOPCs in Surface Soil

Currently there are no peer-reviewed, ecologically based screening levels for surface soil. The
US EPA issued a memorandum entitled; Ecological Risk Assessment at Military Bases: Process
Considerations, Timing of Activities, and Inclusion of Stakeholders, which provides ecological
screening values for surface soil (EPA 1998). Draft RESVSs form the basis for evaluating
ECOPCs in surface soil at the PDO Yard and are provided on Table 3. The RESVSs selected
as screening criteria are based on US Fish and Wildlife Service values for moderate soil
conlamination which require additional study.

Benzo(a)pyrene was the only organic compound identified in the 23 surface soil samples at a
concentration exceeding its RESVS. Benzo(a)pyrene was detected in 1 of 23 locations (SBO1,
1.6 mg/kg) marginally exceeding the RESVS of 1 mg/kg. Because of the low frequency of
detection and the SBO1 sample concentration being less than twice the RESVS, benzo(a)pyrene is
not retained as a ECOPC in surface soil. No inorganic elements exceeded the RESVSs.
Analytical results from subsurface soil samples were also compared to RESVSs. No analyte in
subsurface soil exceeded RESV Ss.

7.1,1,4  Evaluation of ECOPCs in Groundwater

Groundwater is evaluated in the PRE for the PDO Yard although the groundwater table exists
approximately six feet bls and potential ecological receptors (specifically burrowing vertebrates)
are not likely to exist beyond 3 to 4 feet bls, The groundwater table exists slightly above the
elevation of surface water in Lamar canal so hydraulic communication most likely takes place at
the groundwater/ surface water interface. For this reason, toxicity to aquatic biota is evaluated
for ECOPCs that exist in groundwater at the PDO Yard. The highest concentrations of benzene
(illustrated on Figure 7) is lower than the Acute FSWSV listed on Table 4 but marginally
exceeds the Chronic FSWSV of 53 pug/L. In response to GA EPD’s April 1999 comments, two
surface water samples (PD1600 and PD2600) were collected by SAIC directly down-gradient of
PDO-MWO06 where anticipated mixing (seeping) of benzene-contaminated groundwater would
occur. Benzene was not detected in either of the two samples. No adverse biological effects are
anticipated from benzene in identified in groundwater samples near Lamar canal considering the
surface water analytical results, In addition, benzene concentrations decrease from 64 ug/L at
PDO-MW10 (located 140 feet from the canal) to 36] pg/L at PDO-MWO6 (approximately 20 feet
from the canal), Benzene is not retained as an ECOC in the groundwater media.
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The most elevated concentration of PCE, 47 ug/L, was detected at PDOMWO0S5. This
concentration is well below both the Acute and Chronic FSWSVs for PCE (528 ng/L and 84
ng/L, respectively) listed in Table 4. PCE was not identified in any surface water sample
collected from Lamar canal. Therefore, PCE is not retained as an ECOC in groundwater. No
other ECOPC identified in groundwater exceeded published FSWSVs,

7.1.2 Preliminary Problem Formulation (Step ii)

The preliminary problem formulation (Step ii) qualitatively identifies categories of potential
ecological receptors that occur at the PDO Yard and contaminants that may pose a risk to those
receptors in the environment. Preliminary assessment endpoints, ecological receptors, and
surrogate species representative of potential ecological receptors are selected for evaluation in the
preliminary risk calculation. Ecological ECOPCs identified in the PRE Step i for surface water,
sediment, surface soil, and groundwater are considered. The ecological screening value
comparison conducted above retained one ECOPC, barium, in the sediment medium. No
ECOPCs were retained from Step i in the surface water, soil, or groundwater media.

7.1.2.1 Environmental Setting

A detailed investigation of ecological receptors was not performed as part of the field
investigation. However, a general description of the PDO Yard and the surrounding area is
provided in this section. Surface topography at the site is essentially flat with a slight rise in
elevation on the southern boarder of the study area. The principal surface water body receiving
drainage from the PDO Yard is Lamar canal. The canal is located approximately 175 feet north
of the northeast corner of the PDO Yard’s fenced enclosure. Surface soil in the area is composed
primarily of fine to medium-grain size sand with minor percentages of silt and clay. Soil is well
drained and, where not paved or graded, covered in scrub grasses. Visual inspection of Lamar
canal hydraulically down-gradient of the PDO Yard indicates that it is capable of supporting
shallow freshwater plants and aquatic life typically encountered in the Savannah area. Abundant
vegetation was observed in the shallow water of the drainage feature. Small fish, turtles, small
mammals, and coastal water fowl are likely to inhabit the area, The raccoon (Procyon lotor) was
selected as the surrogate species to evaluate potential adverse effects associated with ECOPCs in
sediment.

7.1.3 Preliminary Effects Evaluation (Step iii)

The preliminary ecological effects evaluation (Step iii) focuses on determining toxicity reference
values (TRVs) for ECOPCs as well as determining the complete exposure pathways that exist at
the site. These data are then used in the preliminary risk calculation. Only barium was identified
as an ECOPC in the ecological screening value comparison (Step i). Therefore, TRVs are derived
directly from the no observed adverse effect level INOAEL) for barium of 45 mg/kg-day. The
NOAEL value for barium, expressed in units of milligrams of contaminant/ kilogram body weight/

WPI01 7830\PDONRFI\RFIFINAL.DOC 11 September 2, 1999




Delivery Order No. 0020
Revised Final RCRA Facility Investigation Report, Old FDO Yard
M&E Project 017830

day (mg/kg-day), is derived from a subchronic rat laboratory toxicity study. This test specie is
closely related to the raccoon and is acceptable for TRV development, Further derivation of
TRVs using the duration conversion factor (value = 1) or the endpoint conversion factor (value =
1) was unnecessary because the factors had no effect on the unadjusted NOAEL value.

The published NOAEL for test specie is used to derive a NOAEL for the surrogate species
selected for the PDO Yard PRE, The surrogate specie NOAEL is adjusted for the difference
in body weight between a test species of the same taxonomic class (in this case a rat) and the
surrogate specie; a raccoon, The NOAEL for surrogate specie, based on average daily dose
(mg/kg-day) is developed according to the following equation:

Raccoon NOAEL = rat NOAEL x (bw,, /bW .00
where:

rat NOAEL = 45 mg/kg-day

bw,, = body weight (kg) of the test specie, (0.435 kg),

bW,....on= body weight (kg) of the surrogate specie, (4.31 kg), and
z = (0,25 for mammals

Substituting the values in the equation above produces a raccoon NOAEL of 25,36 mg/kg-day.
The calculated NOAEL for the surrogate specie is the TRV used in the PRE,

7.1.4 Preliminary Exposure Estimate (Step iv)

The preliminary exposure estimate (Step iv) involves the selection of exposure parameters for use
in calculating a daily exposure dose for the selected receptor species. Potential pathways of
exposure appropriate to the preliminary assessment endpoints and ecological receptors at the
PDO Yard are evaluated. Exposure factors are selected for receptors likely exposed to barium in
sediment by two trophic transfer and by incidental ingestion.

The exposures of the surrogate specie for the PDO Yard are estimated using conservative
assumptions. The surrogate specie at the PDO Yard is assumed to spend its entire life and obtain
100% ofits diet or drinking water from that area, i.e., the area use factor (AUF) equals 1. The
raccoon is selected to represent species potentially at risk and is assumed to eat only sediment and
surface water-dwelling vertebrates and invertebrates that may bioaccunlate contaminants from
these media. Contaminants are assumed to bioaccumulate in the surface water and sediment-
dwelling prey of ecological receptors at levels equal to published bioaccumulation factors (BAFs)
for worms and fish (HAZWRAP 1994). The exposure parameters for a raccoon exposed to
barium is presented in Table 15.
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A raccoon may be exposed to barium indirectly by ingestion of biota which concentrate barium in
tissue. The maximum detected concentration of barium in sediment samples is used as the
exposure point concentrations to calculate the maximum average daily doses (ADDs), Incidental
ingestion of soil is also considered in the ADD. The ADD to raccoons is calculated as the
product of the maximum detected seditment barium concentration, the unitless soil-to-invertebrate
bioaccumulation factor (BAF)), and the daily specific food ingestion rate (IR) of the receptor.
The direct exposure to barium by incidental ingestion of sediment is then added to the ADD at a
rate of 9 % of the raccoon’s total food ingestion rate, Calculation of the ADD is provided in
Appendix D, Attachment 4,

The concentration of barium to which endpoint receptors at Lamar canal are directly or indirectly
exposed are estimated by the maximum detected concentration in sediment samples.

7.1.5 Preliminary Risk Calculation (Step v)

The preliminary risk calculation {Step v) uses the hazard quotient (HQ) method as an indicator of
the risks posed to the surrogate ecological receptor from exposure to site-related ECOPCs, The
HQs of ECOPCs are added to produce a hazard index (HI). An HI greater than 1 for a category
of ECOPCs is a useful indicator of potential risk when no individual ECOPC in that category has
an HQ greater than 1. However, based on data provided herein, only barium is considered an
ECOPC at the PDO Yard and calculation of an HI is therefore not required.

A NOAEL-based HQ or HI less than one indicates an exposure level at which adverse ecological
effects are unlikely to occur, due to the conservative assumptions which were made during the
PRE. NOAEL assumptions therefore minimize the probability of falsely concluding that there is
no risk when, in actuality, risk exists. Therefore, ECOPCs with HQs and HIs less than 1.0
indicate little to no likelihood of risk to the ecological receptors. To minimize the probability of
falsely concluding there is risk when there is none, an ERA for those ECOPCs with calculated
HQs or HIs exceeding 1 is performed using site-specific data (GEPD 1996).

Risk calculations performed to quantify the potential exposure to ECOPCs in sediment are
summarized in Appendix D, Attachment 5. This attachment provides estimates of specie-
specific average daily dose (ADD), TRV, intake rate (IR), incidental ingestion rate (IIR) and
BAFs. Risks to potential receptors from exposure to ECOPCs in surface soil, surface water,
sediment, and groundwater were evaluated in Step i of this PRE, Barium in sediment was the
only ECOPC retained for additional evaluation based on Steps ii through iv of the PRE. Results
of preliminary risk calculations for surrogate species exposed to barium are summarized in this
section,

Barium, present in all Phase II sediment samples, has no published SSV and was retained as an
ECOPC in the ecological screening value comparison by default, Preliminary risk calculations
presented in Appendix D, Attachment 5 indicate the HQ associated with barium for the raccoon
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is 1.47 x 10, well below the target level of an HQ equal to 1. Barium was the only ECOPC
identified in sediment and, as such, no HI is calculated, Based on calculations, barium is not
retained as an ECOC for sediment at the PDO Yard.

Groundwater COPCs were also evaluated with respect to ESVs, All ECOPC concentrations
were lower than their respective ESVs in the monitoring wells located down-gradient of the PDO
Yard. COPCs previously identified in groundwater are therefore not considered to pose a threat
to potential receptors in Lamar canal.

7.2 Summary of Ecological Risks

The ecological assessment consisted of conducting a PRE which compared surface soil, surface
water, sediment, and groundwater detections to ecological screening values published by EPA
Region 4, The following summarizes the findings of the PRE:

e There are no identified ECOPCs in surface soil, surface water, or groundwater.

+ Barium concentrations in sediment do not pose a risk to potential receptors near the PDO
Yard.

¢ An ERA is not required for the PDO Yard based on the data evaluation conducted in the
PRE.
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SECTION 8.0

SUMMARY AND CONCLUSIONS

The soil, surface water, sediment, and groundwater sampling activities conducted at the PDO
Yard and background locations provided data on the types and extent of constituents present at
these locations. These data were used to evaluate potential human health and environmental risks
associated with exposure to contamination at the waste unit.

8.1  Summary of Source

Areas within the PDO yard that were used for the temporary storage of chemicals/hazardous
waste were well defined in the project record. Although there was no physical evidence of source
material present during the Phase I and Phase II investigations, constituent levels were elevated
around the former bermed areas (in Phase I soil samples) and outside the fenced area (monitoring
wells). Interim removal activities at the PDO Yard effectively removed contaminated soil in
proximity of the bermed area and former ASTs. No elevated concentrations of target
compounds were present in the soil samples collected following the IR,

Benzene and PCE concentrations in groundwater are above the human health screening criteria,

A likely source of benzene is the former AST bermed area. PCE is confined to a cluster of wells
outside the fenced area near the railroad tracks. The low flow purging technique employed during
Phase II groundwater sampling confirmed that turbidity in groundwater samples was responsible
for the elevated concentrations of inorganics detected during the Phase I groundwater
investigation. No inorganics were present in Phase II groundwater samples above screening
criteria.

8.2  Summary of Exposure Pathways

All media were considered in the exposure pathway evaluation. The contaminated soil within the
bermed area was removed during the July 1998 IR thereby eliminating potential for exposure to
contaminated surface and subsurface soils. In addition, access to the PDO Yard is restricted by a
fence and locked gate. Construction activities in the PDO Yard area that intersect the
groundwater table could cause site worker exposure if performed without adequate protection,
however, this is a short term health and safety matter. Groundwater HHCOCs, namely benzene
and PCE, migrating toward Lamar canal are unlikely to adversely affect surface water quality
because the most elevated concentrations in the down-gradient reaches of the plumes are below
IWQS and other ESVs, Lamar canal also forms a natural barrier (constant head boundary) for
shallow groundwater contaminants migrating down-gradient thereby limiting the potential for
drinking water impact in the Lamarville residential area (located approximately 3000 feet west of
the PDO Yard). Currently, there is no completed pathway (human or ecological) for exposure to
groundwater.
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Human health risk associated with groundwater exposure was considered for a future residential
use scenario, although the likelihood of shallow groundwater being used for potable purposes is
extremely remote. Local ordinances prohibit the installation/use of drinking water wells in the
shallow aquifer within the Savannah city limit. In addition, several confining units separate the
shallow aquifer, where contamination was identified, from the deep aquifer used for potable water
supply. Calculated risks associated with exposure to the two carcinogenic HHCOPCs identified
in groundwater, benzene and PCE, under a residential use scenario were within the acceptable risk
range observed by both EPA and the EPD, Similarly, calculated risks associated with HHCOPCs
in soil, namely benzo(a)pyrene and arsenic, were within acceptable risk ranges. Surface water and
sediment pathways were considered in the human health risk assessment but were determined to
be incomplete and were therefore eliminated.

Pathways for ecological risk are complete for species in contact with surface soil, surface water,
and sediment, In accordance with EPD guidance, quantitative evaluation of risk to potential
receptors was performed. Risk associated with exposure to the only ECOPC identified in the
PRE, barium, was well within the acceptable range observed by both EPA and EPD.

8.3 Conclusions

This investigation has provided an expanded understanding of the nature and extent of
contamination and the potential impacts to human health and the environment, PDO Yard soil
and groundwater sample results indicate limited contamination above minimum screening criteria.
The horizontal and vertical extent of PCE in groundwater has been defined although plume
closure down-gradient of MWO05 was inferred, No PCE was identified in any surface water
sample collected from Lamar canal. The benzene plume has been defined to well below the
IWQS both horizontally and vertically. Benzene plume contours indicate that benzene
contaminated groundwater is reaching the ditch at concentrations below the IWQS. No benzene
was identified in any surface water sample collected by M&E. Additionally, no benzene was
present in confirmation surface water samples collected by SAIC directly down-gradient of
MWO06.

The maximum concentration of both benzene and PCE identified in groundwater samples was
within one order of magnitude of their respective MCLs. Risk calculations indicate that even
under the highly unlikely future residential exposure scenario, the levels of contamination are
within acceptable risk ranges determined by the EPA and Georgia EPD. The calculated levels
were based on the highest contaminant concentrations detected at the PDO Yard and very
conservative assumptions resulting in a risk estimation strongly biased toward the protection of
human health. However, the Installation is aware that the GA EPD will not accept risk
calculations for constituents which exceed their respective MCLs. Therefore, the remedial levels
proposed for both benzene and PCE are their respective MCLs of 5 ng/L.
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The following conclusions have been made based on the results of the Phase I and Phase IT
RFI for the PDO Yard:

» The horizontal and vertical extent of contamination has been fully delineated by activities
conducted during the Phase II RFI.

¢ The IR conducted in July 1998 eliminated risks associated with direct exposure to COPCs
(identified during Phase I) in contaminated AST berm area soil.

e Although HHCOPCs were identified in the screening value comparison for surface and
subsurface soil, none were retained as HHCOCsS following further quantitative evaluation.
No HHCOPCs were identified in surface water or sediment.

¢ Benzene and PCE were identified as HHCOPCs in groundwater and concentrations of both
constituents exceeded their respective RBCs and MCLs. Remedial action for both benzene
and PCE will be required. No other HHCOPC evaluated in the BRA requires remediation,

¢ Human health risk calculations indicate that the level of risk to potential receptors associated
with both carcinogens and non-carcinogens in groundwater was well within risk ranges
accepted by EPA and the EPD.

¢ There are no identified ECOPCs in soil, surface water, or groundwater, Barium
concentrations in sediment pose no ecological threat to potential receptors in Lamar canal.
Therefore, an ERA is not required for the PDO Yard.

8.4 Recommendations
Recommendations based on the RFI include:

» Risk calculations for benzene and PCE identified in the shallow aquifer indicated the
calculated carcinogenic and noncarcinogenic human health risks are below the
recommended threshold values as defined by Georgia EPD and the EPA. Therefore,
further human health risk assessment is not required for the PDO Yard.

* Benzene and PCE concentrations exceed their respective MCLs. A Corrective Action Plan
(CAP) is required to evaluate measures to mitigate the effects of these contaminants. The
CAP will evaluate the effectiveness of monitored natural attenuation in remediating these
organics using fate and transport modeling. In addition, the CAP will also evaluate the
implementation/continuance of institutional controls for the site.

The Installation recently completed a one year period of quarterly monitoring at the PDO
Yard, A groundwater sample was collected from each of the monitoring wells on-site using
low-flow peristaltic pumps on a quarterly basis. In addition, surface water and sediment
samples were collected, All samples were analyzed for VOCs, SVOCs, and RCRA metals.
The Installation submitted the quarterly groundwater, surface water, and sediment data for the
annual monitoring period to Georgia EPD in correspondence dated June 1999 (Perez to
Khaleghi). Data from the first quarter of the monitoring period (August 1998) was used as the
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basis for this Revised Final RFI, The August 1998 data was summarized the First Quarterly
Monitoring Progress Report dated October 1998, Data from subsequent quarterly monitoring
visits conducted in November 1998 and February 1999 were also summarized reports
submitted to GA EPD. The final progress report for the annual monitoring period
summarizing May 1999 data will be submitted to GA EPD once it is completed. All data
collected from the quarterly monitoring period will be utilized in preparation of the CAP.
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TABLE 1
NEAR-SURFACE SOIL PROFILE (CHIPLEY-URBAN LAND COMPLEX)

Percentage Passing
Sieve Number

Depth Soil #4 #40 #200 Permeability
(in.) Description % Passing % Passing % Passing {(in/hr)
0-65 Fine sand 100 95-100 5-15 6.3-10.0

Source - USDA, 1974,




TABLE 2

WATER SUPPLY WELLS WITHIN A 1-MILE RADIUS OF PDO YARD

Well Total Casing

ILD. Quad. Owner Depth Depth Use
112 36Q SCL RR, Shops 508 275 Commercial
285 36Q U.S. Army, Hunter 1 504 259 Public
286 36Q U.S. Army, Hunter 2 555 260 Institution
302 36Q City of Savannah 25 540 287 Public

Quad: Georgia Grid System. The full well name as in Bulletin 113 is “360017” but only
“017" is listed on the map for brevity..

Sources:

Hunter AAFR in AT&E, 1993.

Hunter AAFR, Pers, Comm., October 1997

GA Geologic Survey, Bulletin 113, 1990.

U.S.G.S. Well Listing, 1996.

City of Savannah Well Listing, 1996.

GA Geologic Survey, Information Circular 62, 1984




685L/L/E

“Apnis [euchippe $34Nbay Yalym UoRBLIWEUCS

"000°000"L Ut & Jo x$1 J30URD pug |

DAqRIRAR BUBUM PISN SISS J1BUSS '000'000'L Wi L JO HSU JoueD puUe 4 40 Juanonb py
Jo Juanonb piezey Jssuesuou ‘0z Jo Jvd R uo paseq ale &
35U J33UBD 000'000'L U! L € PLE L') = TH B ud paseq (9661 Jagwaides 'y

oS SIRITROWI IO, SANIER SUNDS SR PUR LS ST) U PaSTE 's5eq AIRHIN I8 WaLLUSSassY X1 1891501093 ‘G622

speZiewy dwos j1es OoQd

L "LIWS A4 PAL WOY WNPURIOWSIN YdE S (1)

(ueiQ) £ 2GR L "DV o $9uERIND mILaWaddng 'SROAIDG JEDIULSI L JO SO b uoiBy Yo (£)

‘dysuone|al Ayanoe AINS ejws uo paseq aualeyydeu JAylaw

"SO|GIES USRS PUR |I0S UG palw

PeaT 110g [BRUBPISaY Jo drnues|s PUR Jual

2Zel Jaoueaugu
juelio 1oy $TSS ‘9661 AINr ' LpOsSE-

'L 40 4vQ e uc paseq ase s2jueBioul 10 SISS

/0P Vo3 ‘Fueping Suiusaieg 10s HIMSO Yd3 (2)
WS ) suolE)UBILOD PaseE-Hsly © UoIBaY v (1)
T 10} pasn s} auajeuyiydeu Joy vusis BuLeeos .

SSISSY S U0 MDA ‘IISBA PHOS 4O STUE YT WO o,

opad asam sashieue wnwoIyS 2163 Auo yBnoyye euzIuo BuIU33.S SB PASN AUE [A WNIWOIYD Jof SO .

pasyl sl @43 ON - {-)

6661 14V 0L PUT B SIUBLILIOS |3y IeUid PRSIy U] 023 YO Aq PapIod iam [@x01u pue ‘suseiydeu ‘IA) wniwauo 1o} sanien Dg [BRSNPUI PUR [REUSPISIY 3l0N

oot

€€'0 LyO>
EE'0 -

- LLOO 0>

4] st
L LLo>
v L L'L>

- eleT At

- 8
LEQ> e

- 900

S€°¢ Z
850> or o

- 8

A - 1

QET
951
951

880

QoLe
880
880°
8L
elead ]
c8L
ol
=74
8L
L0
gL

000°L9
000001
000’ LY

INIYAL

ANIHHINYNIHS
SNITYHLHAYN

+ o« AINITVHLIHAYN TAHLIW-Z
ANFUALP "2’ LIONIANI
ANHINVEONS

ANISAHHD
FVIVHLIRAAXIHIAHLI-Z)SIE
ANTHINYHOMIIMIOZNIE
ANITAWIL Y B) OZNIg
SNIHANVHONL(NOZNIG
INIFHAL(VIOZNIG
ANIDVYHHLINY(ROZNZE

ANYHLIIWOHONTHOHOTHOIYL,
SINIAX TVLOL

ININT0L
3NTTAHLIOBOTHOVHITL
JAIHOTHD INTTAHLIN
IN3ZNISTAHLI
AQIINSIQ NOFHYD
INOLIY

SRl R oY

oNIZ

HIATHS

WNINTTES

RER I

(oweBiou AynIEIN
aval

H3ddoD

« {lA) WNINOEHD
WNINGYD

WNbva

{ueBuioles v 30) DINISYY,

B T ]

QuvA 0Qd 3HL LV LNIWIG3S ANy 110S
40 NOILYNTVYAI 3HL 4O VIY3LIED ONINIFHOS

£ 31avl



. !

B56L/LI6

e

speZieut) duwes l1es 0dd

“BEBL 1Mdy ‘D1 PUB B2 SIUOWIWIED |1y [BUId PISIAOY Ul OdT vO AQ Popiacsd ouom ausjepyded pue (|A) Wniwoayo Joj senjea gy Jayem de ejoN

‘000

F6/62/s (R E)s 298 "£0°9-£-L6¢ JeideyD

‘| BlgeL ‘S0US dISeAA SNOpIEZEH o) SOniBA B

Pe1oeieq 1oN -aN

pois] 30N (=)

‘618 V1 SISA[RUR By} Jo Hed Jou dsam salA|eue @Sy "96/6 WOl alR 5D 2WIZ pue
@310 ‘Jaddes ‘winifisq 1daoxe ge/g pauLopad sisAjeue Woly pauleiqe (TOT)SUWIN uoneruenD AoRIeqeT ‘FOM

i

W-00d 2idwes pAD punolbyoeq (ejeN

UIUBRIDE JOIRAA SIBUNS JRIRAMLSIS USISIAQ WaLuabeuey  uoiBay wd3 (g}
'SINBYISOR Lo POSeq LSS Jayean Bunjuig Aepucses (B)

“1ayemysal) Ul 8w o0 1> Jo (E00TD) Sseupiey e uo paseq ale DUIZ pue ‘2yalu ‘pes]
Splepumis AJEND JRIBAA WeaUIsy| ‘fosuen ALiRnD 238 ‘]

seddoo 'wniueya oy senes STOAM
d3 ""NG e1bioeD - SOMI 3d3 YO (2)

‘000" Ul | 4O YSH JBOUED B pue |0 J6 udnonb pleZey JosUeauou B U poseq SR SenjeA Iy “(56-ZL-p) Suonenuasuey peseg-ysiy ¢ ucifoy vd3 (1)
~digsuone(al AJAISE [OINIONIS fejiUIS uo paseq ausjeyiydeu JAYRW-Z 10 POSH $1 audeydeu Joy eudius Bujuasieg .
-sojdules Jojesm Lo poULIopad dJom SASA[EUL WNILLoIYD (€10} UBnoyye posn ol |A Wniuon D 10} euols Buiuosiss ,

oL>
1>
L>

QL=
L>

s>

oLL
or>
or >
5>
9ZT>
oL>
oL>
i2d
og
oL>

0Bl

£st

[e] >4
ogZ
oLLlL

CoL'slL

0ES't

r0°S8
oz
8L
BL'ET
ZT°6
91
BL°L
gL

09g

00C'002
S8°8

oL>
oL>
oL>

>
s>
FA-
[
QL>
oL>
S>>
oL>
>
oL>
oCL>
z>
ooL>

oz
o>
o>
S1>
9z>
oL>
5>
>
ot
o>

9

e
ooco'clL
000'L
E

(e} 0o0's
0s
oot
Sl
oot'L
ocL
-]
k4
ocoZ
0s

aﬁéﬁﬁﬁ.ﬁﬁ%

» + AN TYHLIHdVYN TAHLIWN-T
INITVYHLIHIYN
FLYIVHIHIOAXIHIAHLI-ZIS18

INIHLZOHOTHOMLE
SINTAX VL0l
AN3NTOL

INFHLZOUOTHI VLIS,
INFZNIGTAHLIINN LT Z L
INIMI0LTAOHDOSId]
FAMEOTHI INITAH LI
{91IA) INOLIN TALNSOSI TAHLIAN
INZNIE TAHLI
JAINSIA NOGHYD

{3 INCNYLNG-Z
INIZNIE

ANOLIDV

ONIZ

WNINITIS
TANDIN

Qw31

H3dd0D

« (LAY WNINCHEHD
WNINAYD
WNITAY38
Whldvd
DINISHY|

STIdNYS HILYM JDVAHNS ANV YILYMANNOYD NI SLNYNINY.LNGD 40 NOLLYNTYAZ HO4 YI¥3LIYD

¥ 31avl



B666L/L/E

spezieuy duwias yios ©Qd

"6E6L 1AV QL PUF G TLOULLOD L1y [0uL POSIADY Ul OdI VD AQ POPIAGK Gabm JfDlu PUE “GuBeyaydiy ‘(i) wiiwoas 4o} sanjza HEY |PU1aNPU| PUR |CRLOPISTY R3O

"Q3LSAMIY S1 LINSIH = ¥ 'QILVINLLSA SI LINSTY = ‘PeIsl| eAG[ ON - (- }
*95|duies JUSULPSS PUR (106 UO peunoped GIoM sesAjeue Wwnwo) o]
Auo yBnoyye vueuo Buleslss se pesn e 1A WNiweays 04 338y 830N
"Poe iog (mmuopisoy o

13 pum ue, U ASTY U0 SARIGNIQ “0I1SRAA PAOS JO TOIHO YdT Wiody - {, )
‘D8 Teprsey
O3 3& suoneiesUoD BurApuen Aslminsoe jo ejqedeour sem Ao quy oyl ]

Punoduos sIYL 04 TUSILD BUILGGIOS UL $8 POSTI STM 107 o4, “sejdwes [10s jje so5 gy
IBHUOPII BLL URYS J010%:5 e (107) Br uopElueny Aclaioqet oy - { , |

"souediout 40} | 4o Jvg @ pue siueBio Joy
0Z 30 JVQ © YuM J0I0MPUNGIS) 03 UoRRIBHA 10} 31007 BUIISNDS 1oS - 1SS Yad - (Z)

8U 480UTD OOO'DO0’L UL L € PUR L' = DH B uo
Po3Rg (5661 Jequeides ‘ynlug 1Y) SuclAuGoUCD PesTg-isg - DgY £ ueBeY vag (L]

oN £7 9N 2% >| °oN [s24 N =28 oN e °N ZL ozo Q0E'Z ez
oN 9t > °N S >| oN ¥ > oN v > oN v > °oN gt > L 951 199421
SN L2000 °N L2070 N 29070 oN vZ0'0 N 00 °N EEQ°D Lo €2 Amsaopy
oN St oN £L oN ozZL oN vZ oN OLL N Lz - -« 001 b |
°N £9 N 8'2 > oN +'e SN S8 oN L's °N £t - oLe i0ddon
00 8§ oN 9'L | Tt pses ' {seA 69 o) g'e Z 52T (1A} wnreoiyn
B 9G°0 > {sep BG'0 >(sa) 95°0 > |se) 9570 > o) 250 >| seA BSO > 0 E'E wnnupan
EL g JseA L'L > |38, EL |%eh L'8 |39 L't 80, 'l i £Y°0 o DRIy
SN Z6 N LL >| oN 52 oN [=F °N 9l N oL - - ouag
oN 20 »| oN 20 > eN Z'0 >| oN 20 >{ eN BL'O >} ON 1o > - - [o}°12)
°N 8€'0 >| oN 8€°0 > oN 9E°0 > ON SE'0 > °oN te'0 > °oN BEQ > 8 Lg-13 ousieydaul Apo-2
oN €60 °N BE'Q >| oN 980 > | oN 9E°0 >[ aN tE0 >| oN 8EO > [¢,sT ok 4 s> uiAg
oN BEQ >} ©N BE'0 >| N SE°0 >{ 9N SE'0 >| oN YEQ >{ oN 8E0 > 8 861 ouejaydon
°N L N 88°0 > oN 92°0 > | °N 9€'0 >| oN YE0 >| ON 8E°0 > 00EY oLe SuoyURIoN]
304 ES0  3eA BE'D > (304 9£°0 >[8o) 9€°0 > |50 PE'Q >} 98, BE0 > 8 2800 *9usaAd(jozueg
oN 8950070 >{ oM 8500°0 >{ oN 950070 > | oN 9S00°0 > | ON 280070 > oN 8500'0 > o6l 000°9L GUGAY -0
N 95000 >| oN 8500°0 >| oN 950070 >| oN 9500°0 > | oN 25000 >| oN BS00°0 > o6L 000'91L sua|Ay-tigw
©N 950070 >| oN BG00'0 > | ON 550070 > | °N 9500°0 > | ©N ¢S00°0 >| ©oN 8500°0 > ZL 0os°L N0 |
°N 9500°0 >| oN BSOO0'0 > oN 950070 > | oN 9500°0 > | oN Z500°0 >| oN BS0O'Q > 900 ZL SUBROOIGYSRILS |
ON 9800°0 > | oN 850070 >{ oN 8500°0 >| oN 9500°0 > | oN Z500°0 > | N 85000 > £l 08L ouUeq |Ay3y
m Adetipg m_ Amuiug m_ Admuag m._ Adnuaug m_ ARty m._ Adeuiug .W_&D\Wrm i} [Ba/Bus u syury)
z g g g g 2
" - - - LJ -
: : : : : :
) X 5 2 5 X
oL 0z oL oL &L oL %) H1d3a SINBNUISNOD
986L/9L/E 966Ll/9L/6 966L/9L/G 966L/6%/8 9661/62/8 9661/62/8 aLva Jad
LO90VYH-0ad Z0t0YH-0ad LOrOvHOQd LOZOVH-0ad LOZOVH-04d LOLOYH-0ad -dl FdNYs TVULNIQISTY
90VH-0Qd POYH-00d POYH-0Qd SOWH-04d <OVH-0Qd LOYH-00d AUs (Z) 1SS vad (Li £ NOID3Y v3

suonesoT] Jabny puey | aseyy

SISATVNV ITdWVS TI0S 3ovY4unNsS

V§3Inavl




—”
6661/L/6 sprzieuy dwes 105 OQd
“BEGL [Mdy QL4 PUR B4 MUDWWIOD 1Y (Ul PasiAsy Y| GdT WD 4G PeplACid BRM @YU
puE ‘SuRIdeu T([A) WRILoJYD Jo) ERNRA DEY [TUIENPU] PUR [BRLRPIESY @10N
poisalos 6Ny = W PRIGUASD 8 INKIY = [ "PaE)| [9AR ON - { -]
“R(EWES JUSWIRRE PUR 100 U0 PRUUO LR QUOAM EREAISUT WNjWoND (0L
Ao 40AOULW B(/03:0 DULDGIIR (2 PORN 0% 1A, WAIWSILS 10; €3 910N
“pEaY |65 (FRUORIESY Jo
AnuED|] pUB JUDWSSIERY YOl UD DARSRIQ "BIBAA PIIOS JO BIHO Wd3 Wod - [44)
"D IeBuepiETy
Ui 10 EUORBIILROU0D BUlApuIMb ARISINTNE 1O O|qRdToU] SEAM AIOIRIOGE| G4l DENTIRG
PUNGAWICD BI1 JO} RIM1LD CULROIe DUL T POEN EZAA T OU L ‘sRidwes |00 iR Jo) D
[BUSP{ER) QU UL J5EI0 B [TDT) W] NORWIRUIND AJOLRiequ] o4l + [ + ]
“ROJUREICU| 10} | JO JYQ ' PUB ROJUDDIO o)
QZ j° JvQ T WM R1eMPUN0IS 0) LoRRID|Y 10} 8OAY DUIUIRISS [0S - TSS Wdd - (T
HEtE 20D OO0000'L Ul L ¥ PUR L0 = DH ¥ U
peory (D661 PQWRldes WIWS ) WIoieawmoUe] peerg-er] - DT £ LeiDoY Y3 (L)
OoN [£4 OoN £T > ON e oN T oN T »| N 8 ozZo 002 vz
°oN 9 >F oN Bt >| ©ON ¥’y >] oM 9t >| ©ON o't >| ©N 23 4 L 2131 FH2IN
oeN 200 N ag'o onN £0'0 °N 2100 oN 8200 °N ZZo'0 0] 24 Ansrw
°N T LL oN [ oN 0z oN 9’9 oN 9L eN fa:] - «+00F b
oN a'e °N £>| °N e oN 8T >| N az > on ot - oLe soddey
SA %4 A L9 A fard A 8z =A £'8 <A ZL 4 e {LA) wnjwouyn
A 9970 >| @A 90 > RA 8970 > =A 89°0 >| =A 8970 >| WA €90 or'D e'e wnjwpey)
A 44 =|A T EL LN g'c =A 'L > A £l wA I L L £Y°0 2Ry
eN ore N ZL >| °N Le oN LL > on Lt >] ©ON 14 - - [+°s]
oN BEQ >| ON 60 >| ©oN 9€'Q0 >| oN 88’0 >| °©N 80 >| oN 8£°0 +8 oal PUDIRYIRUIAGION-Z
oN a¢0 oN 6E0 > ©ON 9£'0 > ON 8E°0 >| oN BL°0 >{ ©N 8L oo’y 0£Z ouaIig
N 8EO > SN T BE'O >| ON 9£'0 > ON 880 >} °ON 8€°0 >| ©N 8£°0 8 24l usjByIyden
N 8E0>| N [ 6L°0 >| ON 9£'0 > ©oN aco >p oN 8C°0 > oN 880 0CE'Y oig UBYIURION]L
oN 80> ON I BE'Q0 >| ©ON €0 > ©ON 850 >{ °N 80 >| °oN EL - - ouoihd(’y'D)jozuog
PN 80 >| ®A BEQ >| WA L0 | BA 8E°0 >{ =4 BE'O »| A o't 8 880°0 + BURLAd[w)0ZURY
oN 890°C >| °ON 1L ON L0 ON 490'0 >| ©N £90°0 >| ®N T 8900 > ot 0BL SRy
lnm Aswg m Adnusid m Alotitig m_ FIGLilig m. Amwing m Ao FdAL L1NSTH {o3/Dwa up s}
g % % ] g g
& 3 & & & &
4 g g 4 2 2
g g H g g g
H % B % B E
24 [+ 4 o'T o'z oz o'z ] HAE9 FINANLILSNGD
966LI9L/8 966L/9L/8 9€6L/51/8 966L/9L/8 2€6L/9L/B 966LITVLIB Aivd
1L£9085-00d £0908504d LOP0AS-0Qd LO£08S 0ad 10Z085-0ad 10L085-00d QI 3dATS (L} o
9085 00d 9085-00d 085 004 £085-0Qd T085-00d 1035-0Qd LS 2115 vad £ NOIDJY vd3

suoneso] buuog j10s | Iseyd
SASATYNY FTdAIVS TIOS 3IV4ANS

gs 3719vl




6661/1/6

spCzieul dwos yos 0ad

"8BGL 1A "OLE PuF G4 RIBLIWES 1Y [BUL POSIATY U] OdT WD AQ POpIAc.d SR ORI
PuUT "2uRRIYdEy *{IA) WNWOIND JO} EINBA STy {PLAGRPUL PUT |BSRERY R30N

POl 6| 3NS0Y m Y peRWpED £ 3NERY ™

“paus)| [oAR] ON - { -]

“69|dUITE WOWIPSE PUR |0 LD PALLICLOd S/oM DEAIFUE wnjwou: ey
Ajue YBnoylle ra12 BUBesE u posn DJe 1A WNWoIYS) 10} BDTY oioN

"PeT {05 (RALRPEDY jo

ANUESID PUR WOWESSERY IS WO BARIGIQ BLETAA PlOS }0 9210 WdT Wold = (4}

*OEM (epuRplERY

O3 1@ SUORERUDIUGY JUlAUEND Apeinooe 40 R1qEdeal) cus AI0IRIGGE; O SenTooq
UNedwos eI Jo; B Bujusdss S 6% pordt BBM TDT 04 L “eopdiee jjos | 40} ogy
[FAUDPIERL 33 U3 il exan [T} W wopezueny Aoimioqey )L - (L)
TRIMEDIOU| 10} | 30 fv() @ pue eajuelic o}
0Z 30 JYQ @ YA SSBMEn0LD 01 UoImB)y 10} 6j0AST DujueR.2g (105 « 185 vdd - (2)
HE[S BN 00Q'000'L U] L B puUR L' = DH R U
PotEq {9661 RQUIDIEOS WIWS “T"H) SUCREILSIUY PeGEg-ie - DEd € Uoiloy wd3 {L)

oN oL 9N TT >| oN £z oN fon on 8T ozg 00E'Z ouz
oN 8F >{ °oN vy >] oN o'y >| oN v >| oN oy > L o9t FA2IN
oN Z80'0 oN zTLO'O oN L0 > eN BLO'O oN vZ0°0 Lo £2 Ainomy
oN 4 oN £e oN (&1 oN e oN 34 - -2 00T pas
oN e eN 8z > on 8T >{ oN > on 93 - otg sddon
LN €9 oN 1L oN [ LN |24 oN 'L z vz A wnjwouys
LN 89°0 >| = 59°0 >| A 890 >| =4 890 >| =4 99'0 > ov 0 (34 wnjwpen
83 €L [N e =2 L LN 1> e Tl i V0 # 2Ry
oN 092 oy LL >] °N £L oN TL>| on a1 - - odg
oN £l oN LE'Q >[ on B8E'Q > oN BEO >| oN 8g0 > 8 Al M RLBU AN
oN ar'o oN LE'O > oN 8E'0 > on 8EQ >| oN B8O > 00Z'¥ 0tz PuoIAg
eN Z9°0 oN LEQ > oN BE'0 »{ ©N BEO >| oM BE0 > 8 29l auseyden
oN BEQ >| oN LED =] oN BL'0 >f oM §E'0 ] oN 8E°0 > o0y oLg ouBLIURION[g
oN 8e0 >| oN LEO >| oM 8E0 >| oN 8E'QC >| oN 8E0 > B - suaihiod(|y‘Slozuog
A 8O >| wBp LED »| soA BE0 >| =4 g0 | = 80 > & 8800 « SURIAC(D)OTUSY
oN L oN 4 >] ON 990°0 >| oN 83070 >| on 590°0 > 91 08L QUORRY
m_ Agwig m. Adounig m_ Aawiug m_ Adnutg m Adauaug FdAL 1IN53d (Ow/Bw u) mpun)
2 2 g H H
H & 2 B &
S g g 2 2
g g g ) g

x4 0z oz -k 0'7 [} M1id30 SLNIALLLSNGD

966LILLIE 98EL/LLIE 966L/LLIR 965L/al/8 966L/9L/8  [ALva
LoZ185-0ad LoLLas-ogd 100185 0Gd 106095 00d L04095-00d  |:QI IIAYS (L} oAy
TLAS-O0S LLES 00d oLas-oad 6035-0ad L08500d  [BUS 1Z) 155 vax £ NOIOIH vaz

suoneao Buuog jlog ) eseyy
S3ISATVYNY I1dNYS 110S IDv4unNsS

g5 319Vl




EEBL/L/E spezieuy dwoo 10s O0d

*EBEL IMdY ‘OLY PUB G RIAUWOD iy [TUl] PREIARY Ul OdI VD AQ papiA0sd Siam [9au
PuE ‘oD IO (LA} WNIWoIYS JO) @NeA JEH (RISNPU] PUE [ZIUDDIEDY 010N
peeRl s imeey B Y PRATWAS B ey = “PIE (2AD] ON - (=)
R JUOW|POS PUT (108 UO POULIOLIO DOM EEAIRUE WRKLOYD IN0]
Aluc YyBnoys|e 19140 BUIUSSIZE €8 POEN BT LA, LINJWOIYD 10} SOEH DION
“pee |IeS jeluDpleRy (¢
CNUESLD PUR WRLIGEIARY YEIlY UC RARIRIC "RIFEAA PHOS JO 2210 YdI Woid - (s 4]
o8 IBRURRESY
DI 1Y FUSHIRAUSIUIOS DU AZRUEMD ARITJN029 JO Ojgediu| KA AJOMIOQU] DU OENEIDY
uNodWwon Si 10} BUEILS BUuSo e S} T PO ERAA T 04 L *Eadse ||0d || 10} DY
|PIUS PSR S43 UEYL Ul oA (T MU UGRMUEND AJCIBIoqE] ML = { « )
“sauRbiou] Jo} 1 JO v B puk &URDI0 o)
0Z 10 SY( T YilM DIEMPUNCID 01 UenmBily 1o} $10AD BUuSe.dg (105 - 1SS vd3 - (T)
oW JB5UBI BOO'000L Ul L B PUB L'O = DH B U0
pataq (96GL PQWRIdas WS TT'H) SUOREILSMI0] PRSIg-He - JOW £ Yoited wda {1}

OoN &9 SN T > oN 9z oN 1'T > Lor4-] QoL’T Eird
oN ¥y o> ON Ty >E ON vy >{ ON gr > [ o4l 21N
oN BLOO oN LLO'0 >| oN a9Lo'0 oN 10°0 > L'o T Anossy
oN =4 oN 'y ©N L'g °oN <L - ++ 007 puoT
oN I 'y oN T 8T > oN 1 8'L °N T 8z > - oLe wddoD
= &e LN £ =2 b - = gL 4 ¥T (A wnjwoyn
A 99'0 »| ®A 990 >| A 59°0 >| VA 90 > or'o 6'e wallped
wA L] A -4 LN L =) LL i 0 »DlURery
°N o N 6C OoN LL >] oN oL > - - (=)= 1¢]
ON 9E0 > oN LE0 >| °N 92’0 >| °©N 8970 > e 29t suRBIYdeUlANISN-Z
oN 970 >} ©ON LEQ >| ©°N 9£°Q »| °N 980 > 00TY QET SURIAY
oN 970 >| 9N LB'0O >| 9N 8L°0 »~| ©ON 970 > a8 291 ouoden
oN 970 > oN LE°0 > oN 90 >} ©oN BEQ > o0E'y oLE ouRLJUBIoN]Y
oN 9E£°0 >| ©ON LEQ > ON 90 >t ©°N 9£°0 > - - e Aed(|'y Dlonueg
A 90 > 24 LEQ >| VA 9E'0 > =A oL"0 > 8 880°C « DuBIAd(ejoTUDg
oN 9890°C >| ON 9900 >} ON gL'0 °N I 88 > 81 Q8L FuGIRaY
...IW_ Artaing m. Adlaag m_ wieoliang m_ Raewd FdAL L1053y {B3yBLU U] R
g H L H
& & 3 &
2 g g g
g g g g
2 EX g g
k4 oz o'z 0T |3 HLd3] SLNANLLLSNGD
9E6L/LLIB 9EEL/LL/B J66L/LLIB 96EL/LL/B  (ALYa
Log185-04d Lorias-0dd €eLa%00d LOE18950Qd [FAI TWINYS {1} o8y
9135 04d rLa504d 2195 00d £135-00d LIS {Z) 158 vdl £ NOID3Y vdl

suoneso Buldog jtog | 3seyd

SIASATYNY FTdVYS T110S IOVRINS
85 39Vl



BESL/L/E SpKZleuy dwoo [10s 0ad

"6661L udy ‘OL# PUR By SILOUALIDS |y [FUJ POSIAGY Ul OdT YD Ag pepiacid aiea 1e32Iu pus “euerEyydEu “(IA} WIS Jo) SONIBA DEY [FUISHPU| PUB [CILGPIBGY teloN
QALY SI NS = Y "QILVNLLSI §1 LINSTY = r "POISY [onG] ON - { - }
"50|dures JLUGLIPIS PUR (109 ue peuucyed cuem B084j0Ul WINIWGIYD [0
Auo ybneyye uews Buueesss s posn o LA WYy 104 BHEY 010N
PROT 195 jamuspisey jo
13 PUE JLoW, VAT UG 0ARDAINQ “OISUAA PIIOS 3O O340 YA Wiy - [, ,}
"O8H [auopisoy
843 32 suonanueaucd BurAmuenb Aeeinsor jo siqudesur sum Arcimioqe) sy 08NE0Y
Puncduios sy} Joj SUES BUILOGIID BT ST PeSn ST O o4 “e|duwits pos o 104 38
IPRUGPIBAL OUL UGS 201e9UE S0 (DT WU uoRMnUEND) AlcImeqe ey - { , )
‘soreioul 40} | Jo $yQ B puR souRBio Joj
0Z 40 J7Q © Yilm derempunain ol uoneBiy 1o 919A07 BuIowsg 10g - 1SS Ydd - (2)
HEU J8IUTD QOO000°L W L B PUR |L'0 = DH B UG
PO5E {9E61 $0qUeldos "GULIS "T'Y) SUONRINGOUED PestE-sty - DEW £ utiBay w3 {1

d

oN g'e oN z9 oN 8¢ 02z9 00g'T Elird
oN Z10°0 oN LEQ'O oN L+0'0 Lo €T Amngaepy
oN 't oN zL oN £l - »+00F pee]
oN 9% >| ©oN &L >} oN 9°g - oLe Jeddon
oN z | meA e sy 57 z SET «{IA) whesyn
20, L >| soa €E > sen 8z L £Y°0 » SOy
oN H oL>| oN t oN 8L - - oG
oN +E0 >| oN ¥50 >| oN 9g'0 > 3 +'95L susieyydRulAIopN-7
o 75000 >| oN £500°0 >| oN 5000 > Z0'0 S8 apuoyo eusjAagely
oM Z50°0 >{ oN Y500 >| oN $50°0 > gL 08L vuooY
Em._ Revig 1 Kewing g ARgg | =aAl Lnsad (BBl o w3
-3 [
2 g w
g g .
: : t
oz 0z 0T [:(%}HLd3Q SINIMLLLSNOD
966L/LTIR 966L/9Z/8 9861/9Z/8  |Hlva
LOTOEMIN-00d LUECIMIN-00d LOLOAMIN-0Qd  {at TNdwvs {1) oau
FOMW-0Ad SOMIN-00d LOMK-0Qd  {:=us 2} 18$ va3 TYLLNQISTY

sbuuog [1og |I9pA Budojiuopy | aseld
SIASATVNY ITdWVYS 110S 0Vv4uns
36 37gvl



666 L/L/5 spcZeuwy dwes J10s Oad
‘6661 MDY ‘Ol PUR G SIUSLLILLIOD [JY |EUlY PestAey Ul JdT YD AQ PAPIAGKd JoMm [9XIIU
pue ‘euejeyiydeu ‘{]A) WNLtoIYD 10} SeN|eA DY [QUISNPU) pUT [SIIUSPISSY GI0N
'QALDAMBE S1LINSAY = ¥ "QALYWILSI SI L1NS3H = ¢ PesY (SRR BN - { - )
‘paeT jiog [enucpisay
16 dnUEG|) PUC JUGLSSEIY SIY U0 SANLIGI( "G10BAA PIOS 1O 03150 YdT Wald - (4.}
SIS WOLIRQS PUR BO9 UG PRUNOMEd QIeM BORAIRUR WNIWIOIYY) IRI0L
Ajuo yBnoyye suelos Buiuselos 58 posn el |A WniwolyD) 1oy 3938 (. )
“sosaBiour Jog | 30 gy @ pug webio sop
O 0 VA ¥ Yum Jojempuncus) o3 uonubyy 10} 510407 Buiuessdg 108 - 1SS vda - (2)
%84 JO2UED 000000 L W L B PUG 'O = DH ©
ue poseq (966 | dequierdes ‘g TTY) suenanuesuocr) peseg-eny ¢ voiBley wd3 (1)
oN £ >] ©oN T >| ON T >| on £z >| oN vz > ;7] 000°LD ouz
°N 8't >| ©°N gt >{ eN 9t >| ©oN gt >| oN gt > L colt 1o3oIN
N £20°0 oN 8100 oN 8Lo"0 oN SE0°0 o SLOO Lo 8=} Anaiep)
oN +'9 oN £ oN St oN L'y oN T '8 - =00t peeT
°N g > enN £ > oN € > oN £ >| ©N £ > - QoZ's soddan
g6\ s ELIN L&) sex e SN L'L >} %A 8L z Tgl9 « {IA) winnuoiyy
ELTN §°0 >| A 9°0 >| seA g5'0 > | %A g0 >| %°A 90 > oo oot wniped
804 L'y > %9A 2L >| seA 1L > seh 1L >{ seh L > L a't aluomy
°N ZL>] oN TL > °oN Zi >| °oN T oN H ZL > - - oYq
oN 12°0>| ©oN 120>} ©N z0>] °oN 1zZo>| oN 1z’0 > - - oy
oN 680 >| ©°N 0> ©oN 880 > ©oN 880 >| ©ON +0 > 8 880t osueleydouAyIoN-Z
°N 6E0 >| oM 0 >| °N 880 >| °oN 6E'0 >| °oN 0 > 00Z'Y ooL's ouaLAg
oN 6E°0 >| ON 0 > oN 880 >| ON BE'0 > eN o > 8 880t ousimjydeN
ON 880 >| oN o> N 8E0 > ON 680 >| °oN o > 00gt ooz’s sueLuRIon|y
©N 8E'0 > oN 0 >| oM 8E0 >| oN 680 >| ©N o > 8 a8L'c sueiAd(e) ozuog
oN S00°C >| oN 9000 >{ ON 8500°C >| oN 900'C >| *©N 8000 > [+ ooc‘ooL SUBIAY-0
oN 9000 >} ©N 9000 >| ©°N 85000 >| ©oN S00°0 >| °ON 90070 > o6l 000°C0L oue|Ay -yt
oN 9000 >{ °N $00°0 >| ©ON 85000 > ©eN 5000 >| oN 90070 > zZL Q00°LY sueno]
oN 9000 >] oN 90070 >| ©oN 85000 >| °N $00°0 >{ ©oN 9000 > 800 oLl oueocIoIene |
oN 9000 > oN S00°0 >| ON 8500°0 > ©ON 9000 >| eN 9000 > eL 000°0Z ouoezueq (A3
m Adguwilag m Asouang [ Aoy m Adraang m Amapd 3dAL 1INS3Y {BwBw ur qrun)
(2] ] a 13 2]
a H a a 3
> - & - 5
2 2 2 8 g
2 2 3 % %
o's o's 0's o 0's ‘4 HLd3a SININLILSNOD
9661/9L/6 966L/IL/E 966L/6Z/8 966L/6Z/8 9661/6Z/8 3LV
Z0LOYH-0Ad Z090YH-04d Z0EOVYH-0ad Z0ZOVH-04d ZOLOYH-OGQd 14l 31dnYS {L) o8y
LOYH-OQd 90YH-04d £0YH-0ad ZOVH-04d LOYH-0dd aus (2} 1SS vd3 AVIYLSNANI

suoi3e207 19bny puey | aseyd
SIASATYNY ATdIAVYS T10S ADVIANSINS
as 3nav.i.




6561/1/6

spezieuy dwos jios 0gd

"EEBL 1MV 0L PUR 6y HLEWWOD |3y (g poaiaey Ul (4T VD AG PepIAcid Giem [axam

PUF ‘auejmpydIu *{)A) WNRIOIYD 10y SONEA DEY [TUISNPU] puR |eopisey e1oN

"QALOIMSE 51 LINS3Y = o

"O3LVIWILST 51 .1INS3Y =

*POISI |2A9| O - ( - )

"PO9] RO |erALGPISOY

$0 dnues) pu wwewssesTY Yo US BANDGA( ‘PIIRA PlIOS 40 02110 v weuy - {.,)
“soldWiEy uauNpes pua 168 uc poulcpod wom sealmug LUNMUOIY?) o]
Ajo YBnoyye eues Bulueesss SB pesn ow LA WINIJedY?) Jog 338y |, }

sieliou) 104 | 4o JyqQ w puw snuelio Jop
02 3° 4VQ ¥ qum seimmpuncsy 03 usnmuBiy o) 51907 Buiuoosog pog - 145 Y43 - (2}
ASU J03UED OOOQ00L Ul | B PUR 'O = DH @
o Pasug (9661 J6quieldes ‘Yws 'Y} BLGNRALOSUSY Peseg-ysTy & uaiBoy vd3 (1)

°N LS N L1 oN €Z >| ©oN £'T > [e74:] 000’ L9 Uy
°N 8t >| oN 5>| oN ' >| eN gt > L 001t 19421N
°N £L070 oN 850°0 N £0°0 oN LTOO L0 19 Ansaopy
oN L'g °N e °N oL °N 62 > - «: 00 peet
N 'L °N £ > ©oN £ >| °N g > - olorag: Jeddon
sep 62 N 61 sep 4 Sep S'9 4 gLy - (1A wnuoayy
«|L 9°0 > e L9°0 > | soh 850 > 0, 8570 > oo 0oL wniupad
sep - -l B L5 S L > osep sl WA L'L > 1 8't Qiuoury
ON ZL > eN ZlL >| oN ZL >[ oN ZL > - . oua
oN 120 >| ©oN Z2Z0 >| °oN Z'0>| eN 120 > - - oyD
oN 0 >| oN 0 >{ oN 8E°0 >| ©N 8E'0 > +8 280 ouomIdeuiAqie -7
oN 0> °N +0>] °N BE'0 >| ©oN 8g€'0 > Q0T+ 00i‘s oueiAy
SN ?0>| SN v'o>[ eN 8€°0 >| ©oN 80 > 8 880 sueimydary
N +'0 > ©oN o >| oN 80 >| ©N 8g°0 > ooL't [elefa8°] SuoLuTIon]y
°N 0 >| oN v0 > ©oN 8€°0 >{ ©N 2870 > 8 8L'0 ouo.Ad(g)ozuog
°N g00'0 >| ©N L9000 >| ©oN 250070 >| ©oN 250070 > 06l 000°00L GUBIAX-0
oN 900°0 >| oN L900°0 >| eN 8600°0C >| ©N 250070 > o6t 000°001 SuoiAY-dgiu
oN 800°'0 >| ©ON 190070 > | ©oN 8500°0 >| ©N 850070 > <L Q00" 1t euen[o|
oN 8000 »>| oN L9000 >{ ©oN 8500'0 >| oN 8500°0 > a0'0 oLl euIeIO|YORe Y
N 8000 >} °oN L9000 >]| eN 8500°0 >| oN 850070 > £l 0000 oueruey |Aug
[ s1eoydng m Aderang m Adrutag m Adewng T53AL INSIH [T T )
3
« 3 ) o
g ] g g
5 g g z
oe o'e oe 0§ [} HLd39 SANINLILSNGD

966L/91/6 966L/91L/6 966L/9L/6 ge6l/9l/e |[A1va

ZLYHOQd <O00LVYH-0ad C060VH-0Qd <080VYH-0Qd W NdwvYs it} ogH

oLYH-0ad OLYH-00d 60YH-00d 80VYH-0a4d [:aus {2) 155 vda ILLSNAN:

suoles0 Jabny pueH | aseyyq
SIASATVYNY ITdWVYS T10S I2v4IHNSansS

as 3avi




EEEL/L/B

spzleuy dwos 108 0ad

"GEEL Y TO LY PUT G TIUGLIWIGD [y [Suld PesIAY Ul Od3 VO AQ Pepiacid Saem [exaIl
PUg ‘oueeiydou “{|A) WNiWoND Jo4 sonjea JEY [GHISNPU| pue jeIUepISey 810p

"OALOACAY SI LNSIY = 8

“QALVYAWILSI SI LN =

“polsy [as] oy - (- )
"puat eg (muepIsey

30 dNULO|?) PUR JCLEIAESY BT UO AR ‘SISUM PIOS §O 930 VdT waid - (L.}
*56[dWTS JUGUIPGS PUT |I08 UD POULIOLIOD GIOM SOSABUDT WLINWSIYS (910 |

Ajuo yBnoyye @110120 BuUvee s 8T PESN 0IB |A WNILOKD 405 893 (. )
‘soiueBiour 40y | 30 4y  puw saweflo Joj

0Z 10 4V T HUM JSISMPUNSID 01 USRIBIN Jo) 510407 Buoesas 1oS - 1SS vdl - (Z)
SEEL IOSUTD 000000 L W L TPUR L0 = DH @

uo Peseg {966 L 10qUUeKiog YIS )W) SUCRRIUSIUCD Peseg-yIy ¢ uotbey Va3 (L)

oN §'Z N t+'Z > oN +'Z >| N £Z >| eN £z > 0Z9 000°L9 ourz
oN gt >| oN gtv >| oN g8t >| oN 8t >| °oN a8y > L 0oLt [osDIN
oN 9070 oN L£0°0 oN rLo0 oN YZO'0 oN 2200 oL X Aropy
oN 9z oN vz oN 5z oN L'z oN L'z - «200F peot
oN £ > oN £ >| oN € >| oN £ > °N € > - oo0Z’'s Jeddoy
LN g'v  |eep T | WA Le 0N ] LU [ z L8 slunruonys
ELTN $°0 >{seA 9'0 > | oA 90 >| sop 9°0 >{sop 9’0 > or'o 0oL wniwpe)
B Y zL > |sea 'L >| oA 66 {30\ 11 > oA 'L > 1 g'c siowy
oN zl oN T1 >} ON Z1 > on ZL >| o 7L > - - oHa
N 0 >| SN t+'0 >{ °N 0 >| oN 6£°0 >| °N 680 > 8 840"y ouoleydeuAIoN-Z
oN +'0 >| °N 'O >| °N 0> oN BEO0 >| oN 620 > 00Ty 001’9 ouelAd
oN 0 >| oN t'0 > oM 0 >| oN 6£°0 >| oN 6g0 > e 880V euajeyIydeN
oN +'o > oN 0 >| oN t'0 >| oN 6£°0 >| oN 620 > 00"y 00Z’8 oueLuRIOn
oN 0 >| °N 0 >| °N 0 > °N BE'0 >| ©N 620 > - - euojAed{iyd)ozuey
oN 0> ON +0 >| oN +0 >| oN 620 >| °oN €80 > 8 8L'0 suoiAd{e) ozuog
N 810 oN £L°0 oN 90°0 > oN 90°0 >| oN 120 . T8 000°0Z auolesy
m ojoondng m Ay [ Aot m Aseitig [ Ay FdAL LTINS {Boy/ B ut s}
[13 Q =] o &
a H a H H
5 5 & o 4
2 g 8 g g
% % g 2 <
o't o't oY o o'y () Hid3g LINSNLLLSNOD

966L/SLIB 966L/5L/8 9661/5L/8 966L/5L/8 966L/IPL/8 3uva

9lLas-0ad Zor0oas-0ad Z0£085-0ad Z0zZ085-04d Z0L0a95-0ad Q1 INdINYS (1) oay

r0gs-0ad t085-0ad £085-00d zous-0ad Logs-oad aLs (Z) 155 vd3 TYHLSNaNL

suoneao Guuog nos | eseyd
SASATVYNY TTdIAVYS TIOS DvIHNSans

35 31avl




66EL/1/6

spZleuy dwos 105 odd

6661 [HdY “OL# PUS 6# SWOLILICD 4y 10Ul POSIAGY Ul (T VD Aq PopIAcid ciom |oXBIL

PUT ‘eue|oyIydou ‘(|A) WNILOMD 1O} SONBA DEY [asnpu| puw jenuepisey e1oN

‘U3L03r3Y SILINGIY = M "OILYNLLSI 51 LINSTE = POISY [0AB[ ON - { -}
P9 105 [ERuepaey

$0 dnUeeL) PUT 1UBLISSESIY Yary uo SARRA( “OLIBAA PIOG 30 D VT Wl - (., )
"#0(dWits Jueunpes pUB 198 uc PoUUSHOd Giem S03ARUR Wiiwoiyg el

Aue yBrowie cusys Buieeiss su pean el LA Wnieuyn J0L $98Y { . )
“soURBIoUr 10} | o JvQ T pup solwebio sog

02 42 JvQ U Ym 10mampunoug) o3 uoRbiy 10} 9(0Ae") Buiueeig gog - 158 Va3 - {2)
A3H 180U QQO'QOC L W LR PUT 10 = DH @

uo pesaq (966 L Jequieides ‘WS “TH) suonRIuesUcy Posug-sTy € uelBoy wa3 (L)

oN s N 5 aN 4 N €T >] oN R 0z9 000°L9 ouz
oN gv >| on gt >] oN g'r >{ oN g'v > oN gt > L oLy 121y
oN SEO'0 oN SE0'0 oN 8700 oN 100 >| oN 5200 oL0 19 Asnsaoyy
°N £Z oN +T oN 'z oN 90 >| on £e - -2 000 puo
oN € > oN g > oN € >| oN 8s oN 8T > - ooz’ teddoy
804 9L | sep '8 [ seh 5 eN 1 eN z z £L9 swiniwony
LT 9'0 >{s0x 970 > se) 9'0 >| sep 970 > | 384 950 > ot 0 o0l WRipos
LY 1L > 90y TL>| ey L'l > 8o 1*1 > | sey £Z L g8c QMosry
°N Y TL>| °N 2L >| °N ZL>| oN ZL >{ ©oN zT - - oua
°N 60 >| oN 0 >| oN 680 >| oN 6¢'0 >| oN 880 > 8 880" suejeIudeulAyLe-Z
eN 6£°0 >{ oN o> oN 6£'0 >| onN BE'Q >[ °N BE'0 > 00z't 001’9 sueIig
oN 6£°0 >{ °N 0 >{ oN 6£°0 >| ©oN 8£'0 >| oN 8€'0 > 8 480t ouepyyday
°N 8€'0 >} ON 0 >| N 8E°0 >| oN BE'Q >| ©oN 8€'0 > 00g’t 00Z'8 uByIRISNLy
oN 6E°0 >[ ©ON 0 >f oN 6E'0 >| oN 680 >| oN 870 > - - suoejAed(iyb) czuscy
oN 660 >| ©N 0 >| ON 6E'0 >| ©N 62°0 >| eN 880 > 8 8L0 ouciAd{ojozuey
oN L0 oN 90°0 >| oN 90°0 >| ©oN 9070 >| oN 95070 > 91 000°02 ouozeny
m eleoidng m Aduig o Adewig m Arwpg m Aewng T Ti3dAL LINSTR {B:y/8e w1 quun)
o o -3 ] o
s 3 a H 3
& 5 5 s &
g g 2 e 8
% 2 L3 % 2
0P op o'y o'r o't | HL43Q SININLILSNOD

966L/9L/8 966L/9L/8 966L/9L/8 986L/9L/8 966L/S5L/8  [3lva

Llas-oad 108035004 Z0L08%-0ad 209085-04d L0S095-00d  |:QI ITJWYS (L) o8y

8085-0ad 8085-0Qd L0gs-0ad 2035004 5095-04d  {ALS (Z) 188 Va3 IVIHLSNANI

suoneso bunog |10g | aseyyq
SASATTYNY ITdAVYS T0S IoV4uNSans
35 31avl




666L/1/6

S

spczieuy dwod jos 0Qd

GEEL 1Y "OL# PUR G SILOWILIOD |4y [RULY POSIAGY Ut (dT vD AQ Pepiaoid 1om [exau
PUR ‘ous|nydeu [)A) WNILISGKD 10} SBNIEA DFY [CIISNPU| PUR (ETILOPISOY OloN

"Q3L03r3ay §11IN$3d = o

"OLYINLLST S11ansay =

"POSK [9AR] ON - { - }
*Pue] BOS {e1OpSOY

30 dNuo|7) PuY JUGLLISSOSIY NSIY UC SARIRIC ‘OLIUAN PGS JO OO0 Ydd Wold - (4.}
"SOJAUIDS JUOUIROS PUT 108 U PBULIDHAG GIOM SOSANUT LNILICIYS (910,

AJuo YBNow|e 2L BUINeeISS ST PRIN I 1A WINoIYD o) 858y { , )
“soweioul 4oy | 40 JyQ ¢ puw soetio Joy

0T 30 4VQ ¢ YiIM JeIBMpUNaLD of uonmBiy 1oy s1eae] BULGsS 105 - 1SS vaT - (T}
ASU LO2UED OOO'000°L W L R PUT 10 = DH @

ue peseq {9861 sequieldes RIS 1Y) suonRIUGSUC) peseg-ely £ ualBey Y43 (1)

oN T > on oL oN £T >| oN £T >} oN € 0zs 000°L9 surz
°oN gv >} on 8y >| on gt >| oN 8t >| oN gy > L 0oLy 19N
oN LLO'O >| ON ZE0'0 oN LLQ'O >| ©N 1100 >| N 00 010 18 Anasopy
ON 9L oN 484 oN zT °N f4r 4 oN T . .o 00T PooT|
oN 8'Z >| °N 1L °N € >{ °N g€ >| on ee - 00Z’8 sedden
LN LT | sop t'9 | seA v'e son 97 | ®eA L z £L9 «Wwnens
04 8570 >] 994 880 > | oA 90 >]sep 9°0 >| sax 90 > oo 001 wnpes
LN L'] > ] sep 1t >| voa v | sep 6Z |sex L > L a8'c ooy
oN 1L >| oN ZL >| oN Z1 >{ °N ZL > oN L > “ - oya
ON 880 > 9N 2€°0 >{ ON 6€°0 >| ON BE°0 >{ ON 0 > +8 880t ousLdeulAYIoN-Z
oN 8E°0 >| oN 8g'0 >] °N 6£°0 >| oN 6£°0 >]| oN o > 00Z¥ ooL'9 ouBIAg
oN 8€°0 >| °N 8870 >{ °N 6€'0 >| °N 6870 >]| ON 0 > 8 880'% susjeuyden
oN 8€°0 >| oN 880 >| oN 6£°0 >| oN 680 >| oN 0 > ooe'y 00Z'g ouayRIeny
oN 880 >| ON 8g°0 >| eN 6€°0 >| °N 6E°0 >{ °oN 0 > - - ousjAiod{yd)ozucg
°N €0 >| °N 8g'0 >| oN 6£°0 >| °N 6£°0 >]| °N o > 8 8.0 sus.Ad(g)ozueg
oN LU0 oN 845070 > oN 9070 >| oN 90°0 >{ °N SL> Sl 000°0T WIOAY
m Adewitig @ Adotuizg = Aoty [ Amuug o Adeuiig  1:34AL 1INS3Y (Ex/Bw vy &)
=] a a [=] a
3 H 3 a 3
& > 5 y =
2 2 2 2 2
2 2 2 2 =

ot o'y oy o'y o'v  |:y) HLid3aa IINSNLILSNOD

966LILLIS 96EL/LLIB 966174118 966L/LL/8 g66l/9L/s  |:3lva
ZOELES-0Qd ZozZlgs-oad ZOLLAS-0ad Z001L85-00d ZT06085-00d QL TWWYS (L} osy
£1495-0ad Z185-00d L1E$-0Ad oLgs-oad §08s-00d  |:3US (2) 155 va3 IVIHLSNANI

suoneao buuog |10 | aseyd
S3ASATVYNY ITdINVS T10S IDVINSENS

35 3719vL




668L/1/6

SKZieuy dweo 19s 0Qd

6661 1dy "0 L PUT g SIUGLILIED |4y |Guig PosIAGY Ul Qd3 VD AQ PeplASd Giem (9401
PuT “ouejeyiydeu ‘{|A) whiwongs 40} SON[EA DgY [MIISNPU] PUE [ENUGPISIY 6LON

"Q3103r3Y S LINS3Y = ¥

“QILYWILES S LINSTY =

"poIm [OAG] ON - { - }
*Pe9 |iog [AnucpIsey

3© dNUESI) PUd JUGLISSAITY Y UC GAILIUIQ “SISEAA PIOS JO OTIRD V3 wodd - (,.)
"S9|dURIY JUOUUPES DUR 168 LS peuLoLed Giom BORADUR WNILSIY7 [N10]

Aluo yBnouije 21030 Buiiee.os 57 posn ol A WniWonD 104 808 { 4 )
sdueBioul Joj | 30 J¥(Q B Pue soweBio so)

02 40 JYQ © Yilm Jolompunolgy o3 uonmBily 4o} 5100 Bueass 105 - 155 vad « (2
ASH JO3UFS 0QC'000°L W LR PUR L' m DH ¥

uo pesaq {9561 Jequieldes ‘yuwig ")) suoneauesucy) peseg sty £ UoiBeY vidd (1)

oN L'e oN v'g oz9 000°L9 ouiz
oN 8y >| onN 8'y > L 001y 19491
°N S€0°'0 oN 1100 > 010 19 Asnouepy
oN 8l N z'e - -+ 00t pee
oN € > oN £ > - 00z’ s0ddog
39 8 LLIN t z €Ly »nROIYD
50, 80 >|smoh 80 > oo 001 wnipes
TN Tl > L'z L 8¢ swesy
°N ZiL >| onN zZL > - . oya
oN o >| oN 620 > ve 880"y sueyiydeuriyien-7
o t'0 >| oN 6£°0 > oozt 001’8 SucIAd
oN o > on 6€°0 > +8 280V eustoiyden
aN t'c >{ °oN €0 > Q0 00Z°8 eusRION|4
oN +'0 >{ oN 680 > - - ouoAtod{mBlozueg
oN 0 >! oN 6E'0 > 8 8.0 ousiAd(e) ozuey
oN 900 >| on 96070 9L 000'0Z cuozeoy
m Adolupg o Adewng  T3dAL 1INSad (93/Bs vy myug)
aQ =]
a s
H 5
2 2
5 5

o 0% |04 Hid3q SANINLILSNOD

966L/LLIB 966L/LL/E  |:ALVA
Z0SLE8S-00d ZTOYLES-0ad [:q1 Tdmvs {t) oay
SLE5-00d rLE5-00d  |ALsS {Z) 1SS vda AVIHLSNAONI

suoneso Buuog pog | aseyd
SASATVNY I 1dWVYS TI0S IoV4UNSENS

35 319Vl




666 1/1/6 spzleuy dwoes i0s 0Qd
6661 MDY ‘01 PUS £ SUSUALIOD Ly [Sulg POTIAGY W1 QdT YD Aq PopIAcad clom @i puR “aueioyIydou “(JA) WIIWGIYD IO} S8N|RA JEY [TUISAPU] PUR [CHUSPISSY 030N
QALY SLLINSTY = M "QILYANILST S1LINSIY = r PRI PASION - (- }
‘pus 105 eRuepIaey
40 dNUERLY PUT WGLIIGEIY JSTY UO GARDGIID ‘ISEA PIOS J0 O3IH0 YdD Wodd - (4]
*SOldUWDS JUGLIPGS PUR 108 U0 PouMoped wem S9SARUR Wniwoy] [R0),
Ao YANOR BNSILD BUIUGGIIS 50 POSN OID LA WINILOIYAD 105 998 ( o )
“suefaour 104 | Jo Jyrg @ pue somelio Joy
B 02 40 4VQ @ YuM J0urmpuncusy o3 uonmaBiyy 104 fenaT Buueaog 195 - 155 Vdi - (2)
A8 J02ED HOO'QOO'E UL L Y PUR 'O = DH @
uo peseq (966 | Jequiuldes “YUwS Ty} sUolenUedUoY) pesTg-jay ¢ uotBoy vd3 (L}
oN +'e 9N T >| N €T >| oN §'C °N 8t °N T > 0z9 000°1L9 uz
oN £40'0 eN £T0°0 °N 510°C °N 120°0 ON 820°0 oN 8100 L0 L9 Anosep
°oN 5'€ °oN LZ oN 5 °N vy oN '8 °N 95 - -« 00P puoY
eN € > oN 8T >| oN e>| oN € oN £ > °N gz > - 00’8 swoddod
0, Ly °N 'L oN 91 °N Zz °N z a4 v z TEL9 « WYY
SO 7L > | %eA L'L > |90, RS- T 1L o) 'L > eep 9L L g'e oessy
eN i N oz oN 14 oN I [-14 °N [¢14 °N ZL - - QYQ
°oN +'0 > oN 8E°Q >| ©oN 880 >| oN g8£0 oN +0 > °N 8EQ > 8 880t usjrydeulAgion-
oN 000 >} ON 850070 > 80 9E0"0 °N 85000 oN S00°C >} ©oN 85000 > z0°0 0oL SplIoYD ouolABIN
oN 900 >| oN PLOO o LLo oN 850°0 N ¥80°0 oN L5070 > 9L 000°0Z QUOIRDYY
m Adeayig m Adguip m ejeojjdng m Adouaiid m Assupg m Asmung *3dAL 1Ns3d {(B5/Beu v |}
o -3 o & a -}
3 a 3 a 3 3
g s ] & > &
2 2 2 2 2 g
) % 2 2 % %
oy ov 09 [ ¥:] ov oy (%) H1d3a SINZNLILSNOD
966L/L2/8 9661/92/8 9661/9Z/8 2661/92/8 9661/92/8 9661/92/8 E=BA-{a]
To+0aMIN-OQad Z0L0aMIN-0Aad SOIMIA-0QAd TOZT0AMIN-00d L0Z0EMIN-0Aad Z0LOZMINOad Q1 INdWYS (Lt} osy
OMIN-Oad £0MIN-0ad TOMIW-0ad ZOMIW-0Qd ZOMIN-0ad LOMIN-0ad EETE {2) 15s vda TVIHLSNAN:

suones0] Buuog Jjop Buuoyuop | @seyd
SIASATYNY I1dINVYS T10S JDVIINSINS
45 318vL



E66L/L/6

S|X'ZIeuy dwoo j1os 0Qd

‘6661 ludy ‘oL
PUT 6 HUGLIWOS |4y |RUly PesIAGY Ul OdT V9 AQ pepiacid diom 1o
Pu® ‘ousjafiydeu *{[A) Wnitioiys 40} $OR|GA JHE [HQANPU] pUR [enUeRIEGY HCA TN
TQADIAMRY SILINSTY = Y “QALYWILSI SI LINSIY = PO [oAR) ON - { =)
PO 105 [RNUSPIS0Y
#9 dnues)) pue JusumsORIY Nary uo SARDDNT “NBAAA PHOS O S YT UK - {,,)
“SO|dWLES JUSLIROT PUR (108 UO PaULIOHS QUG S03ARUL UMWY [R10 )
Ao yanoyye el Buceas g Pasn eu@ (A wniwion ) 104 838y |, }
*BOREUoU 104 | JO Sy @ pue suRBIo 403
0T 39 JVQ © Yum JeIempuUncat) 03 uoneiBily o) ]0Ae Buuesuag 105 - 1SS 43 - (7}
A8 JO3UBD O0O'OO0'L U L O PUR L' = DH @
Uo pasiq (9E6L Jequieldes ‘Yiws Y} suoniusoucy pestg-ys £ uodey w4y (L)

°N 1'¢ > | oN Ve > eN Lt eN Ve > oN vl - 00t pes
e LE 04 gc oA g 304 £Z °N ¥l Z Zels » Wnitoayy
°N L6 eN ¥'6 °N e ON 66 °N Ll g 000'FL wnitegy
seA g > | s 8¢ >| sep g > sep £ >[4 rg > L ge oluasY
°N 2100 > { °N £I00 > oN ZLo'o >| °N £10°0 > ©N 1 hoke) > - 000°L9 BUBYIBLICIONOLOIYIL L
N £800°0 °N £800°0 > °N 85000 > ©oN £5000 >| ©N ¥500°0 > ZL 000l |usnjo]
N €100 > | oN ¥i0°0 °N <100 >{ eN 2200 °N LiQQ > ce Q0002 JpyInsip uoglen
m } ayeandng o Alewiug m faewag o Areuirly m Adewand AL {Boq/Bul uy muun)
2 H 3 3 3 1S3y
§ g g § :
9 2 2 2 2
% 2 2 % S

al 1} 9 9l 9 #%) Hid3a LININLLLSNOD

8661122/ 866173Z/12 866L/12/2 86642/ BEEL/bEL Alva

10059%-0ad 205085-00ad 109085-0ad 205095-0ad 105085-0ad I 3TANYS (1) o8y
S0MINOCd S0MNOGd S0MINOAd SOMWOGd SOMINOQd  [3us (2) 185 vd3 IVRILSNANt

suolijeao Buuog [jap Bunojiuoy g aseyd
SISATVNY I1dWVS T10S Iov4unsans
0§ Inave




€66/ 16

szeuy dwos 105 0add

‘6661 Y ‘0L
PUY 8 FLLGLILLOD [JY (0uty PedIAGY UL (14T YD Aq popiacud eiom [exom
PUR ‘eUeEUIYdOU “{LA) WANLGIYD 10} TON|GA JFY [RLISNPU| pUT [CHUGPISeY e3on
TQALDAMAW S14INS3AH = § "CILVAWILSI S11INS3AY = 1 PO [eAd ON - - )
P jlog jemuopisal
30 dnueepn pue usSeSSY ASTY U0 CAIDGI( ‘OIFEAN PSS 3O PAHO VdI Wl - (..)
“satdWen JULIPOD pUR 108 UG peulcped aiem SeIABUE WINLIOIYY U301
Ajuo YSnoyw 6D BUILeeIs ST FOSN @10 |A WINWSIYD 10} 398Y ( . )
saeiou 4oy 1 Jo Jy(J B pue aowedio 1o}
0Z 0 dVQ © Yum 101ampunouny 03 LonRiBiyy 104 510ad7] Buiuessds 10§ - 188 vd3 - (2}
33U J60URD O0O'000°L W L W PUR L°) = DH @
uo peseq (9E6 L Jequeides ‘yuwg M) suonenuesusy) pesag-ery £ UoiBoy a3 (L)

9N l'e N L'e > °N FA oN FA N e - 00 pesn
L e LN P oA =84 sep A 4 84 69 Z Zele « WNRUCIYS
°N SF oN £l ON 2 oN sl N Qs Z8 000'v 1L wnieg
sep  1'g > | A F44 SN S > {3 £ > | %8A > > L g8t Qlussiy
°N  ZL00 > oN Z100 >| °N FAYe K] > | oN 21070 > ON 11070 > - 000'19 sueylaolon[jodolou
oN 19000 > N 28000 > ©oN 65000 > | 9N Zs00'0 > oN 45000 > Zl 0001y 3usnjot
eN 2100 > °N 200 > °N 2100 > | 9N 2100 > N LLO0 > 2 20002 SPUINSIP Ueqien
m Aseuwing m Alewuird m Aewnd m Aewand m Ateuinid AdAL {Bx/5W 1l mun)
: : g 3 : 1insay
o =N o o o
2 2 2 g 2
8 1 g Yl ] 3 H1d43Q LANZNLILSNOD
866L/62/L 866L/82%/L 8661/82/L 866L/E2/L 866L/E2/L Aiva
106085-00d 2080950044 103095-00Qd 202095-00d L0£095-00d I 3NdNYS (1) o8y
60MINOQd 80MINOAd 20MIWOQAd L0MINOQd LOMNOQd ‘aLs (2) 155 va3 TYIHLSAANI

suoneso] Buuog J|ap Buuojiuop 1| aseyd

SIASATYNY J1dINYS TI0S IDVIJANsSans

O§ 319Vl




g66L/1/6

spzieuy dwoos [los 0ad

‘6661 Judy ‘gLy
PUR G SIUGLLIWICD |y |BuUlq POSIAGY Ul 0dT wO Ag pepiacid aiom 183U
pue "eueimyiydeu “{IA} WRIWOID 404 sonjRA DgY |RUENPU] puR [enuepisoy ezop
QADIAFAM SILINSIH = ¥ "CALVWLLSI S LINSIY = 1 PO (9oL ON - { - )
PEOT 105 [euopisey
39 dNUBOID PUS JELIROSSY X3 UG OAILDGII] ‘OtEIA PUOS 30 03140 wag weld - {,,}
TH6dUIRS JUGUIPOa PUR 1108 UG PoLLOd 0iom esisuR uniureuyn 9301
Alue yBnowpie el Bulusssas se POSN 049 |A Wwiniwon) 40 308 (L )
"BRIUREIOUL 404 | 10 J7q @ pum soiuetlo 4oy
0T J° JVQ ¥ YUM JOIBMPUNTID OF UORILBIN 10} TIBAGT BUIUSGIDS 9% -85 wd3 - {g)
S 192URD COO'ODO’ L W L R PUT 170 = DH
Ue pasaq (9661 10qUeldes Y ) SUORBNUSMICD PesTEAsTY £ UoiBey vd3 (L)

°N 4> > [ °oN g% ©N [ > [ eN <) °N £ > - =00 peat
N e °N Z't Ll N 4 ©N Ll oL ¥ Z FAE:] » Wniwoayy
°N 6 °N €l °N §'g oN L oN oL zg 0001 wreg
LN £ > | oA £ >{%e4 g¢ > | oA e'c > | sex ¥ > 1 a¢ JUBSLY
°N 100 > [ °N 2100 >] N 8100 °N  rZI00 > | °N €100 > - 000'LS aueyBLIoIONYOIOYOU |
°N E900°0 > { °N 850070 > °N 12000 °N T 8000 > N 2300°0 > Zl 000 [JUBNO L
ON £Lo > ! oN 2100 > | °N  £L00 > [ N [ ZLo0 > | °N £10°0 > [ 00002 SpYINSIp uog.en
m AJeluud m Aewnig m Areuig [ Alewnug m Ateuaig EdAL (8278w uy ey
S a 3 1 F1 1Ins3y
2 : ; g i
g g 2 2 9
% % % 2 2
zz & 174 9 z 3 Hidag SINANLILSNGD
866L/EZ/L 8661/¢2/2 866LZT/L 866L/2T/2 866l/62/L Alva
Z0LLaS-0ad loLas-oad Z00las-0ad Loolas-0Qd 20609S-0ad Al NS (L) ogy
LiMiNoQd LLMINOGA oLMINOOd OLMINOAd 60MINOQd s (2) 153 va3 TviHiSnan

Suone20 Buuog 1o Buoyuopy | aseyd
SIASATYNY ITdNVYS T10S Jov4HnNsans

s 319Vl




866k, |

"SI JOOUOS Ui tou siskjeue ayesdng -,

SYWI| [QQUOD LR 10U A18A020. sldwes ayidg - N
POIRISR 10U INQ BRZAIRUE 3 .M., © 3w pabbey s siljeue a
Q1A = 40 < ING NS O URLR $30( 8le sanjea poyodal eyl - g

'Bnjea PAIRINSS Ue SAEdIpU| ~ [+

“pOIAIap 10U 1hg lo) pozAjeUE SBm PUNOAWOS SOed|pUl ~

Sy —23 1195 OQd

"6661L WA “OLY PUT G SIUOWWOD LY 19U POSIACY W (dT WD AQ PepLacud osom joxeIu
pure ‘eusjmyiydeu ‘{|A) WnWoIYs 1o} senjea HOY |SAIENPY| PUR [MUOpSSY 100N
TPROT (190G [MIUORIGOY JO drlet)) 7§ JUCWSBOSEY NEY U SIS0 "OIEUM PSS JO 000 YdT. )
“eo|dwes Juounpos puw 10s UG poLuCHSd SIeM BOSABUR WRIWSILY [Mo)
Auc yBnowpe Buoyio Bliuecios 08 POEN OJE pA WIRIWSISD 103 8584 (4 )
“euriiou 1o} | 0 4y v pur wuebic Joy
OF 30 dVQ # YiM Jolempuncug o) uonuiBipy so) sjeae] Buuesios 195- 155 a3 - (Z)
3SU JeoURD 0O0'000"L Ul L B PUR L'0 = DH & U0
paseq (3661 Joquaidag QWS ') SUORRAUSIUOD POSTEAISIY - DEY € woIfey va3 (1)

“JOJok) UORN|IP AlRpUOSes B 1. S1sfjeur Ue Ul payRUSp! Spunodwos |e soynusp) Bey $igl - 0
“aidwes ayy S [lom S HUR|Y POJRISOSSE S4) Ul PUno; 51 3AIRUE B} uaym pasn S1 Bep syl - g
‘anjeA PILBWINSS UR SAYEIPY| -

“PRISAIIP JOU 104 O} PAZAIRUR SBM PUNOCLLCD SO1BIIPU| - 1

SO YIIHNYND 472 SOINYDEONI SOV HIEMTYND SOINYDHO
°N N EL0 °N N zZLo °N N ELD °N N EL0 z 0o0°L lons
oA g 290 ®A N IO ®A N SP0 %A £Y0 £0 000°3 wniuspg
sop, L0 °oN [N+ °N 800 °N 800 L' 19 Anzsopy
°N LN SSP °N LN #'88 °N N F'E6 °N NZ T9 - «00p pea
oN &1 o vz LN ) L2 19 z clg » (10} wniwoyy
°N g LZ0 A 9550 WA g ur0 °N N E0D vo 0o} wnrupes
N L8 N, 'S N, g/l °N L, FLL zg 000'7L wnueg
LA gTL °N g1 °N g 8520 °N g LD L ge dluesry

SIVLIN VaDu
°N 4r Z80'0 °N 0 SED °N 1 ge0 °N 1920 005'c oLy sjeleyiyd{ixeyiAgie-z)siq
°N ] §£0 °N 1 9€0 °N N ggo °N N 9£0 vl L suBIid(po—£ 2L Jeuspu)
°N ] S£0 °N 1 9€0 °N ) §20 °N N 950 g 8470 suaiid(e)ozueg
°N 1 S£0 °N N 9E0 °N N ggo °N N 90 6% 2L oudueIonyozueg
°N 1 S£0 °N N 90 °N N gLo °N N 90 s gL suayeenp(g)ozueg
°N 1 S£0 °N 1 9E£'0 °N ] 8€0 °N 1920 o9l osL duosAIYD)
°N 1 5€0 °N 1 9€'0 °N 820 °N 1 9g0 z gL suaseiyue(e)ozudy
°N N 5£0 °N 1 90 °N ] 8g0 °N 1 5£0 0Oz 0oL’ suaAg
°N N S£°0 °N N 9E0 °N 1 8g0 °N i 9g'0 oog'y 0cz's susyjuRIony

{20.28) SOINVOUO TLYIOAINIS
oN 8400 °N 5000 °N N 9000 °N 1 9000 ve 280y suslewyiyden
°N 1 S000 °N 0 S00°0 °N [ 900°C °N [ S00'0 Z00 092 apuojye suajiyioly
(30928) STULYIOA
m 1] o vl (B3/BW uj syuny (B3/BW Uy s1un) (QCH1EW)
2 2 3 2 SINANLILSNOD
g & & & (1) ogx
A 3 g 8 {2) 155 vd3 IVIHLSTIANI
g 5 H 5
-y ) - wy
mx._.m_.n mv_hqu mvr_mc._ mw_.__mc.h SLINA
¢ £ £ 4 G Hld3a
666LIETIL 666L/STL 666L/STIL 6E6LISTL  |:3Lvad
$0Q4-13 £-004-13 z0ad-13 L-0Qd13(:Q1 ITdWYS Q131

(dveavZvH AS Q3103 7702) STdWYS TIoS
AHOLYWHISNOD TYAOWTY WIHI LN Il 3SYH4 NI 3L23130 SLNINLILSNOD
aT3IdUlY AWYY Y3LNOH

HS 378v1




6551/ LG

YW [SU0D UM WU SEARUR emapdng -,
“SIRUE CURIGD URIM J0U Alasa oruIes NICS -

P32 10U 19 PSZA(EUS 1 N B Gim poBlEy 5| joud ag

A1 B0 = 00 < G TAND ALY LI $20 216 THRA pOpOday oy - &
‘9njeA PRJRWNSS UE Saedipu| - o
‘PRI2019P J0U ING Jo) PAZAEUR Sem punodwico SEPU] - N

T dwes 1 oad

"BEBL MUY QL4 PUT 64 TWCWWIOO Y (Pu PomACY Y Gd3 v Aq popiacad arem faxmu
PU¥ ‘euaepUdRY A} WMoY 10} senipa JdY |9138npu| pue jeuapieey ojop
97 1ieg [muopisay jo dnuos)y X JuewesooEy Yery uo SARDONQ ‘OISUM PIIOS 30 001D Y3 {es)
“SOpdLIES LUGIIPGE PUR 0B LG PouLoped osom sasAeUe WOy |mey,
Aue yBrowir wueino Buusoioe s Poen 04g |4 wimuoayy Joy 803Gy {, )
“sotuebiow log | yo yyg @ puw soiuebio o)
02 4° JYQ 9 YAIM JOLEAPUNOID 03 UOHvIB ] 30} £oAeT Buueasog log- 185 vd3 - (T)
S JOURI QDO'000') W L @ pUR |') = DH B uo

peseq (9651 Jequaides ws )

UORROLAIUOD PASE-HSIY - £FY € uoiboy vd3 (1)

"J030%) uoan|ip AIepuoses  Je sisAleur Ue P31quep| spunoduics (@ sayquep: Gey siyL - g
‘B[dWes s ST |[om S8 YUR|q PARIOSSSE S1 Ul PUnG) 51 9)4|RUR S UAYM pesn ) Bey Siy) - g

BN[EA PABLIGSS U SIWDIPY| - [

"PRASHIOP 30U Inq 10) pAZA[RUE SeM BUNOdWED SESIPU] -

SOV ¥31HITYND d1D SOINYOHONI SOV ¥IHITND SOINYORO
°N Nzl °N  g610 °N g 6l0 °N g gl z ooo‘L NS
AN WO w@A N EPO ®A gl A N 2P0 £0 000'L wniueeg
°oN 80°0 °oN 900 oN s0'0 °N 200 Lo 19 Anzuep
°N L NE 49 °N LN 9'vS °N N 2Pt °N LN 9'tg - »00p peo
oA 8 5o ¥ <A 2'sl N zs Zz £Le « A wnnongo
°N N €00 °N gegg0 A g epro °N g/l 0 0ot wnjwpes
N L g9l °N .69l N L, $ZZ °N L /€L ze 000'rl wnueg
°N g pro <A g9l “WA 996 ®A gL 4 e sluesry

STYLIW vdou
°N gr £v0'0 °N N 9¢0 °N ar zso'o °N N SE0 0os'e oy sjefetayd(Axeyiiyie-gsiq
°N N &0 °N N 9go °N  r2ro0 °N N SE0 ¥l - W QUOIAC(po-g 2" L)ouspul
°N N S0 °N 1 9€0 °N P 9800 °N N s 8 8.0 ouauhd(g)ozuag
°N N1 8£0 °N N SE'0 °N [ Zi0 °N 11520 (54 8L ausyueicny(ozusg
°N N SE0 °N N 9g0 °N 800 °N 1 580 S 2L susyueiony{giozueg
°N N sEo °N ] 9E'0 SN [ 800 °N N Sg0 oSt 08z BUOSAID
°N N sg£0 N 9g0 °N [ L200 N n35£0 z L suoaesyue(e)ozuag
°N N sgo °N 190 °N [ 58070 N N SED 00Z'p 00L'e sualIhg
°N N sgo °N N 9£0 °N [ L00 °N 1 SED ooe'y 00Z'g auayueion)y

(20£28) SOINVDWO LY IOAINIS
SN N S00°0 °N 11 5000 °N N 9000 N 50000 re 280"y sugjeLyden
°N N 5000 °N N 5000 N 11 8000 °N [ p000 00 092 epuoiy eusiiylap
(g09za) saTLVIOA
V] ] T o (B3y/Bus ui syunj (B /B0 Ty s3um) (I TED)]
2 g w 2 SININLILSNOD
w m @ m (1) ot
S E = 2 (@188 v IVRILSNANI
SN0 by/Bul Bybw By/bum s NN
£ £ > g G2) HLd3a
E66L/ET/L E66HET/L E66L/ETIL 666L/ETL  |:3Lva
£0qQd-L3 2-0Qd-13 0Q4d-13 5-0Qd-13 -l IdWvs 91312

{dvVeMZYH A8 G305 TI00) SI1aNvVS 1105
AHOLYWHIINOD TYACIWIY WIMSLNI i} 3SVHd NI 3153130 SININLILSNOD

QIINSYIY AWNHY WILNNH
HS 379Vl




666116 spezieuy dwos 19$ Odd
6661 lidy W 043 v Aq papiacid
elam ouejeyiydeu pue (|A) wniwoIys o) sanjes gy Jojem del :ejoN
Po28(] 30N {+)
QaLo3MEH SI LINSIH=Y QILVWLLSE §1 LINSTH =1
OLCUSIAPY LB WeH
PuT suciR(NDoy Js3ep Cuiuug Wd3 Vi PEIs]| B8 *[BART SURUILIRINGD WX - T (Z)
“OQQ 000 L W L 40 eM JeIUed pue 170 6 JUeOND pawIey Jeaurd-uau
@ UC peavq SJT SAR|RA ||y -—mmnﬂ_.lwu SUORRAUISUCY peadsg-Yuly £ CanDE Yd3 _ru
eN Sl >l ON rGlL >| ON rsL >| oN PS5l »>{ oN rsi > 5L e pes
S, S LS - PN -] >| S8A r§ > SBA TS > A TS > S -8 wnjwped
ON oe ON og oN 41> ON 0L oN 08 00T .092 winleg
°N atL >{ ©N oL > oN oL > ON 0L > N ok > - el auajeLpyCRUALPN-Z
sap 0L > Bk O E =7 N 1A >| A 0L >| B4 0L > 9 8p aeeuMciAeuivie-zivg
ON S > oON 5 > oN S > ON § > oN 14 ooo'oL ooz't aufy-o
ON aL > ON oL > OoN oL > oN 05 > onN Ll - Qg auazuaqiAlleut 2" L
ON [ > ON [ > oN [4 - oON Z > oN L 0oo's 52 auanie)
E=7 z >| S9A z >| saA z >| s8p gt sBA 2T > 5 'L AuIYRoIO|IRNS YL
oN oL > ON oL Ed ON oL > ON 0L > ON 318 > - el ausjeyiyden
oN oL >b oN oL > oN oL > OoN 0L > on oL > - - auanoyidesdeos|-d
oN z *>{ ©N [4 > ON Z 1] SN ¢ > ON St 00L oel auszuag AR
SIA 14 =1 S3A [4 > S|\ 14 > A ¥ SBA 9 S 9E0 auauag
T Aewg ] } :Eayang o Frewpig o Adeuitig m Faewipd JdAL 6N ut syuny
o t b4 2 2 1Ins3d
L7 3 o [ o
& w & o &
S 2 2 ] 2
7 5 7 5 5
B 5 g 5 S
L10W ,SUORE[UATUCD
S66L/OLB 8661118 BEEMLLEB 856LLLS B66L/LL8 ELva ELLITY pasEERASTY IININLILSNOD
LOFOMO-0ad Z005MS-0ad ZOSOMO-0ad Z0ZOME-0ad TOMMSrOQd | QI TldWvws  Bupuug £ uoiBay vd3
TOPMINOOd LOMWNOQd SOMINOTS TOMINOAd FOMINOQd 3LsS [e1epag
SIATdWVYS HALYMANNOYD

11 3SV¥Hd NI 43.13313d SLNaNLISNOD

HIIYMANNOYUD
9 31avl




666L/1/6

spCZieuy dwos jlos oQad

"8661 Wdv U 0d3T vo Ag papiacud

SJaM auseydeu pue (IA) WNIWOIYA Joj sanfea 284 Jajem dey ejoN

QALD3MIY SI LINST =y

PoI8Iq 10N ()
Q3LVYAILLS] S1 11NS3mp
"ESLOBAIADY Y3juoL

PUR suoR@INDeY Ja1eM BUDIUL V4T U) Pela)] 88 ‘|oAsy WRUIWENOD winwisew « 10K (Z)
"000°000"L W1 | 0 3eu Joaued puw 170 )0 Iuenonb puezey Jesuws-uau
© UQ PRevg e sen|RA |IY “[G6-Z Ltr) BUORBLULIUGS poesg-yeiy ¢ uoiBey wq3 {1)

ON L > ON rst [ oN reL > oN rsL >} N rsi > &L e/u pea’
saL IS »| s8A rie SAA ¢ >[ sapA rs§ > ey rg > S A wniupe)
oN 0L oN 00 oN 09 SN Ov oN 08 co0T 09z wnpeg
ON 0L >| oN oL > eN ot > oN 0L > on ol > - €L susequdeulinan-z
s34 0L >{ say rot >{ AL 0L > saA 0Ol > s 0L > ] gy arrpygd(Aeyigye-Zsig
ON & > ON g »|] oN S [ on rg SN TS > 000'0L 00z's BUBIAY-C
ON T 0L >[ ON Ol > ON Qb *1 oN rot >| oN roL > - oe suazuagIAYIBWUL+'Z'L
ON rg > oN rz »l BN rz > ON rc >[ oN rz > Q00°L 7] JuBnjoy
$AL T »| seA rz > A g > s34 rg > S\ Iy 5 1L BUBLIBOIOIYSRIB L
N oL > ON roL >| oN o >{ oN oL >| oN oL > - €L ausleyiydey
ON o >| oN rob > oN oL >l oN 4§ oN oL > - - auanioyidosdos|-d
oN rZ >{ ON rz 1 oN rz > ON rg ON T > 172 0eL auazuaq Auig
S8A 2 >| 835 rz >l S3A 1T >| saA rge S8A T > s 920 3uazuag
W fdeuspg W_ Aewng m_ Aewpd W Aewrug W Aewpgd ._..._WMMM (I/Bn u SR
»n
2 2 2 2 B,
w w o "] w
g g g g g
2 L = 3 =)
Py JSuopequasucy
SBELITLE 866L7T1r3 866L/ZLID 2663/24/8 866LZL/S aALva Jaem paseg-asnd IANBNLILSNOD
1060MOr0ad LO30MEroad LOLOMD0Ad LO9OMEOQd LOSOMO-0dd AL TVdwvs  Bupyupg € ugiay va3
SOMINOCd SOMINOGd LOMINOQd SOMINOQA SOMWOAad 3LlE |ewpeg
STTINYS HILYMANNOYD
1 38¥Hd NI d315313a S1ININLILLSNOD
H31LVMANnNodn
937avl




B566L/L/6 siczieul dwos 105 OQd
*B661 Judy Ul Od3 v Ag pepinesd
olem euojeyiydeu pue (IA) WNIWoIYD 10} Sanjea AgyY Joem de) 80N
pear 30N {)
Q3.93r3d §1 LINS3y =y QALYWILST S1 LINSag=r
*8GUCAOIAPY 39O
PUP sugnE|nBey sanm BuDjUL VdI Wl POisl] 6T |aA0T JUSUILEIING] WNWXEW - TIW (Z)
OOO'O00TL U L O A8U JODUSD PUR |70 JO 1UeNoNnb pJeZey Jesurs=uou
¥ UG Poseq &IB SOnIA {1y *(E6-TL-t) GUONPRUGIUCY PESRENSIY £ UOIOMY Va3 (L)
oN IS5l oN St >t ON rsb >t oN &L >| oN resL =18 e pRa
3L S ®BA S *| ®A TS >} 834 S »| WA 'S > <] a'L wniwpeD
SN 0l oN oL ON o eN ot oN 02 000'Z 082 wnueg
°N 8l oN Ol >| oN ak >{ oN O >| oN 0t > - £ suateyydeuiAuoN-Z
s3y O s34 Ok > | sap oL > san oL >} sap ol > $ 8y areuud(Seuine-zisig
oN [ ON IS > ON 'S > eN 5§ > ON § > 000'0% 0oT': uhx-o
oN LT oN QL > oN Ot > oN QL > oN aL > - 0g ausZUSgAPWLLH T
oN z oN Z > ON rz > oN g >{ ON z > oeo'L SL auanjoy |
SIA z SaA MLt sap T »| A T »{ S9A z > ] Lk SUBYIB0.0lYoRNS ) !
oN 33 ON oL >| ©N QL > ON 0t > ©N 0k > - €L ausieguden
oN 513 SN 0L > cN [OL > eN Ot > oN ok > - - auanjoyAdosdos)-d
oN 8 oN T *»l N re [ oN rz > oN 2 > 0oL ogL UIZUA AR3
S £l 583, 2 > 2BA g »| 8BA 2 > | SAA [ > S SE'0 auazueg
m Aeuwd m Adeulyia m Aewilig m Aewintg m Aewid TdALl (yBn up supn)
~ [x] [z} 0 o
5 2 2 3 B 1Ins3d
@ & 2 & &
2 b 2 2 Y
LTOW JSUORERLAINGD
866LALE 8661718 B66LTLEB 866L2LE S66LILLME 3iva IMEM paseg-Asiy LINANLLLSNOD
LOSZ-1MS-00ad 20ZZ-IMT-00d Z0LZ-EMO-0Qd 2002-1MO-00d Z061-kMmO-00Qd Al NdNWvS Bupiepq ¢ uojBay ya3
£2-LMINOQd Z2-LANNOQd LZ-LANNOQd 0Z-LAMOQd Sk MNQOd 3LIs JeJ2pagd
STTdINVYS HIALYMANNOHD

Il 3SYH4d NI d3103134d SLNINLILSNOD

Hd31LYMANNOYD
2 avl.




6E6L/L/B

spezjeuy dwod j16s Gad

‘6851 Hdv U 0d3 v Aq pepinoid
aiom suareyiydeu pue (JA) Wniwoyo Joj senjea EY Jojem de | tajoN

QL23r3Y S1 LINSIY =Y

PeIsi] 0N (-]
QALYWLLSS §I LINSTH =
“SOUCOIARY LHOOH

PUR SUORINBOY 630 DUDIUM( VJT Ul PRISI| B9 “[9AC7 JURUILIFIUGS WRWKEI - TN (Z)
*OCO" 000’ L VI | 0 Huu 1eduRD PUR [°( O JUSHAND pUTIEY :00UTRUOU
¥ U0 Poceq wu apnieA Iy *{EE-TL-b) BUSATILEIUEY Paerg-aly £ UCIDNY a3 (1)

oN 5L >| oN rsL > oN &L >| ON G > Sl e/ pean
$BA IS >| 8L 'S >{ S9A ¢ > 83 TG > 5 L wrgupeD
oN oz oN oL >1 oN 0e N or a00'z 09z wnueg
oN 0 >] ©oN ol >| oN o > on oL > - £l suselUdeuALIoN-2
s34 O >| SN bl SIN Q) > =A 0L > 9 9t aeryyd(peyiye-Z)sig
oN S > ON Tg >f ON ¢ >| ©ON S > 000'0L 00Z'L auaiy-o
oN Qi >I eN oL > ON ro: >{ ©oN aL > - oe AuZUIqYRWUL-HZ'L
ON ¢ > oN rT >[ oN rZ > oN z > 000't =7 auanjoy
Sap e > sah rz > sah T »{ sap S S jist auayiaoloysene |
ON oL >| ©ON at >| ON oL > oN oL > - 34 susleyiyden
oN oL > N rOL =1 9N TO0L >l ON oL > ~ - auanjoyAdoidost-d
ON T *] ON ¥ > ON T¥ oN 4 > 0oL 0gt suazueq #uig
S [T > s8A rZ >| S35 6T SAA 4 > g 880 UIZUIG
m Aewpd m Asewig m Aeurpg m Aewpd [dAL WBn u; )
o 2 @ 2 LINsTy
S b 2 2
w wn th L
] 2 g 2
g g g g
= = = =
10 (SUCRENUIIUCGD
866L/ELS 866LTL/E 866LZLB 866L/LLIB Alva Iqep pasearysRy TININLLSNOD
HOLLMS-OOd LO0LME-0Qad 2052 bMO00d LOPZ-EMO-0ad QIIdWYs Bupupg € uolfay v43
LLMINOQA OLAMNOQL SZ-LMINGAd T LAINO O LS [eepag

—

STIdWVS HILVYMANNOED
11 3SVH4 NI 31531343 SLNaNLLSNOD

H3aLYMANNOYD
9 318vl




666/ 1/6 s zieuy dwoes jlos 0Qd
“aEMySe) Ul YBW 0L > (§0D9D) SsBUpMay ue peseg  (q)

{Z5°9-{HUS)Z L’ L}0 o1 posraa sseupivy uo peseg ., ‘AIL0IMAE SILINSIY = 4 "QILVYWILST S1LINSIH =

wepuedop pd -, posI toN = {-)

TEOROUINGU U0 pOIRq  PIRPURIS JRIRAA Buulag Adepuoses - (o)

T egey .uov_.m BIERAA SNOPJOIEH 104 IONBA m_CmEOOuUW JOLUAA G2ULINYS .—Owu;r_uo._u_ usaag EOF_OBOCHE [ comm.om Y43 - __N

"YE/6Z/G “IBINIPLS VOHeS £O'G-E- L 6F S0MdEYD ‘SPIRPURS AYJRND) JSIEA WIBSRSU] ‘JoIleD AUIRND MM ‘0d3 “HNG 9181009 - SOAI adz vo - {1

LN 09 LN oL TN 06 894 oLl Le'gs r0O'S9 =1} ourz

AT Ll L 'L L PN £ AT el el BL'EE £l pus

oN o] oN o] oN oz oN og - - - wnueg

°N oL > oN oL > oN zL oN oL > 9 (014 - sueEYIYdBUAYIoN-Z

SIA oL > 535 oL > PN aL L2FN oL > €0 oLLL Z6°S weeLgd Ay IAe-Z) g

oN oL > oN oL > N £z oN oL > 79 0E£T - ouseyIydey

o @3eondng fod Asgwing m Azmwug m Advwiig FdAL 11nS3H Sy oy {/Bn U1 suuq))
& ] & 2
1] -3 1] o
[-% j-9 |- -
@ o w ]
=3 [~ o (=3
= E Y EY
2 K 2 2
Fy 5 A 5
- -t -~ -

B86BLIEL/R B866L/IEL/R SEBLIELIS 8eeligifg ai1va (L) SQUVANVYLS AINENLULSNOD

Z02Z0MS-0ad ZOEOMS-00d 2020Ms-0ad Z0LOMS-0ad al Ndnvs [2) sen|o A Buusaog satepp TM INYIHLSNI
£03MS-0ad £03MS-0ad Z0ams-oad LOAMS-0ad aus FIBUNG INBMYCIY ad3 v194039

tr Uiy Y3

(FRN) STTHNVYS HILVM FDVHHNS 1l ISYHd NI @3L9313Q SININLILSNOD
d31VM I3Vv3dNS

£ 31avlL




666L/1/6 spczZleuy dwoo jios 0ad

"QaLo3MEY SI1INS3Y = ¥ "Q3LVYWILSI ) 1Ins3ad =
‘Pe1sM ION - {-)
'B2NI0YLEaE U0 POSEQ PIBPUELS JElBM, Bumuug Aepuoseg - (e)
"L elqeL ‘sells 6158AA SNOPIRZRH 10} SenjeA BUILGEIDg JBIBM Boaung delemysad uolsialg usweBaue ¢ uoiBey w43 - (T
elemysel) Ul /8w gOL > 4o (£00RD) $5OUPIRY B UC peseq e.e SuZ pue ‘Sp21u ‘peo| Jeddod ‘wnWOoIYD 10} SenjeA SDM|
PEIBT/S “np{nl(P)g uonoes ‘£0T9-E-1 6T Je1deyD ‘SPiEpURLS ALEND J0IBAA WEGIISU] ‘ieaueg AlenD) Jo1eAn ‘043 ‘UNQ 1BI00D - SOMI QdT VD - (L

°N g'6l °N T 1'ZL 16°85 0’58 0g ourz
°N T 1g'l °N vl > G 0Z S uniusjeg
BAT 8¢ A 6'C AN 8l'ee el peaT
°N 9E'L °N 5Tl 43 gl 0zL wniwoxyo
°N T ¥eZo °N T big'o 990 6L°1 L0 wniwpe)
°N T 612 °N 802 - - - unueg
SOA T ¥'e SA 6T > 06 09¢ 10 dlussiy
m Aswung m Adewung -3dAL L1NS3d aAualyy a2y (1/8n u1 suup)
e g
g g
g 2
ceeL/aL/y 66EL/9L/Y Alvag SAUYQNY LS *LNINLIISNOD
00920d 009Lad ] VNS (2) sensp Buiadlsg Jotepy DA INVIHLSNI
0Qd-oIvs 04Qd-divs alis Q0EHNG JBMUSAIY b uaiBay Y43 Jd3 YID403S
[ex1Bojong

(OIVS) SITdINVS YILVM I0V4HNS Il ISYHd NI a319313d SLNINLILSNOD
d31vm 30v4dns
8 37avl

S




6661/L/6

speZieul dwes oS Oad

GALOAIMTY SILINSIY = W "JILVWILSI 51 LINSTH =
‘Pl ION - [ -)

W 2SI UO GARSANG *OISEAN PHIOS 4O A0 VdI wiokd .,

Peo 110G EMopISoY 4o dnuvory puv Juew.

*s9{dLLes JUeLIPeS PUB JI08 U0 POLNCHGd Quem SBSARUR LUNIWOIYD) @101 AUS YBROYYE BUeILS BUILGS 90 POST BIR |A NI IO} 804G .

() € oge), ‘$DYY 01 URPING [uews|ddng "seciAles [E3UYDSL 30 830  UoiBoy vd3 (£}

"SAUBEIOUL 10} | J0 JYQ @ puv SAUEEI0 10} OF 4O JYQ @ YUM IelampUNQUD) o uoneBiy 1o} fieae] Buluedss fieg vaT - IZ)

%8 JE2UEd 000’000 L W L B puw 1°0 = DH ¥ uo peseq (9661 Jequieides ‘YIS 1Y) SUCRRNLGUICY Pesug-Ns £ usiBay vd3 (L}

oN 09 oN 6 oN vE oN 001l +Z1L o0zZg ooe'e 000°LS Uz
oN 2 LN -1 N gL soA 0§ z'08 - s 00T .00t pea
S04 1’9 LN Z sop t LLT e £'ZS z T >8] « Wnweny
°oN 44 oN oL N gL oN FA 2 - z8 055 000'rL wnueg
eN I 25070 oN T LLO0 oN LLOOO oN Le'c - L 009°L Q00" LY ouenje)
m oleoldng [ Admug m AdBatid m Aderistly SdAl 1INS3Y {Boy/Bu Ul s31up)
s F 3 H
& & o o
j=N =, -3 =N
® ) @ £
g g 2 8
X B 3 X
- '] -~ -
{g) wenjop
1] 0 [+] o %) H143aQ Bumeasag SINANLILSNGD
866L/EL/B 366L/EL/8 86EL/EL/S 266L/EL/8 3lva Juswpes 28y 28y
Z00235-04d 20£035-00d 20203s-oad Z0L035-00d Q1 Ndmvs Al woiboy vd3 2) 15S vd3 [eRUGPIeOY minsnp)
£03IMS-04d £03IMS-0Aad Z0IMS-0Ad LOIMS-0ad s [motBejosgy {L} £ uoiboy w43

{3BW) S3NHINVYS LNIWIA3S 1l IS¥YHd NI d312313d SININLILSNOD
LINIWIQ3IS
6 319vL




geel/lie

Spezieuy dwos j10s 0ad

QDA SILNSTH = Y "CALYWLLSI §| 1INSTH =

poZATUY 10N - YN PO ION - -)

PaeT 1195 [MIuepIsey o dnUBe|) PUR JUBWIISESTY NITY UG SANSOLA “BISEAN PICS 30 GIHO VI Wl .,

90dlEd JUsUIPes PUR |109 U0 PeULoLisd Gtm sosAjme wniweuy? o) Aue yBnoyye oius Buiuseios se pasn e |A WNIWoIYD 40) 839 .
(42IQ} £ Q9EL “SDVY 03 95UBRING [uowaddng “Seo1A0S [BANYSRY Jo 8310 4 ueBey vd3 - (£}

*oowoflout 4o) | Jo Sy ¥ pue SSIURBIG 403 OF 40 Y © YUM J0UEMPUNCI o} uoRBIBN 03 Meaw] Bumooios jies - 155 vdd - (2)

51 183UE2 QOO'OOQ’L Ul | W PUB L0 = DH U ue poseq (966 L Pquedes ‘YUWS =Y} sucnenuesuss peseg-ysy £ vedoy 43 (1)

oN +Z oN 6'0Z vzl 0zg 0022 000°LS surz
oN () oN 8Z°0 z z 68 000°L S
°N +0°0 oN 00 > ELQ Lo £z 19 Aanosepy
e Se1 oN g8 z'08 - ++ 00t » =00 pee
80 - 204 - L8t - oLe 00Z'8 Jeddor
oL £52 L P vz £'Zs z SET zELe » (1m0 wnwesyn
°N £€°0 LN vLO L 0 &'t ool wniupagy
80 +9°0 LTS &'0 YL 1 ) 8¢ Senry
oN - oN - - - - - 0dg
oN - oN - - - - . [o}155}
N P 08070 °N £LO°0 £€°0 00Ty ol>r 4 001’9 SuaLiy
sep ost'o oN 9E0°C £€°0 - - - UGS
ON T AN) oN £51°0 £L°0 vi 880 8L SUOIAd(p-°Z”" L) ouepul
oN ZL0'0 N T 99070 £E°0 00E"Y oLe 0028 eueyIuRIoN]
oN 8500 oN 050°¢ - o9l 88 08L sueshiy
oN 1£0°0 oN L#0°0 - &v 88 8L SueLBURION () cZuoy
°N £20°0 oN 9z0°0 - - - - susiAed(iy Byozucy
oN 080°0 oN ¥50°0 - 5 88'0 8L susyIRIony.(q)omey
oN 7Zg0'0 oN 0£0°0 £2°0 8 880°0 8L°0 susiAd{vjazusy
°N SZO0 °N 8200 £2°0 z 880 34 SULIRIIIU]R) OZUGE
oN 20070 oN 100°0 - 061 000°9L 000°001 1930 “acuBtAy
o £00°0 oN oLY0 > - zl 009°L 000’1t suono]
°N rn vLO°0 oN N 6L0°0 - 91 08L 000°0Z ouoleaY
m Adousirg m Awig  [:3dAL 11053 (Boy/Bw uy spupy)
a H
> o
2 2
z g
nﬂu sInmA
0 0 [:B3) HAd3Q Buuseog UOQERUETUCH  UOREAUESUOY) TINBNLILSNGD
666L/9L/Y 666L/9L/Y  |:a1va wowpes posagoen PosRg-eny
005Zad 005Lad Q1 31dNYS Al uoiBoy w43 {2} 155 vd3 |egucpiaoy 19188npu|
0Qd-2IvS oad-a1vs  [aws [ro1Bojooy {L} £ uoiBoy y43

(QIVS) S3TdINVS LNIWIQ3S I 3SYHd NI d319313d SLININLILSNOD
S1INIWIA3S
oL 31avl




Table 11 Physical and Chemical Properties of Organic COPCs in Groundwater
Molecular | Solubility Henry's Biodeg.
Weight Sw Constants Ko half-life | Log
Constituents (grams/mol} (mg/L) | (atm.m*mol) { (ml/g) (day) | K..)
Benzene 78.1 1.78E+03 | 5.55E-03 6.20E+-01 | 720 2.13
Tetrachloroethene | 165.8 1.50E+4-02 | 2.87E-02 3.17E+02 | 1653 2.53
(PCE)
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Table 14

Toxicity Data for COPCs
Compound Weight of Evidence | SF (mg/kg-day)” RfD (mg/kg-day)
(WOE)
Benzene A 2.9E* (1) -

PCE C-B2 5.2E%(2) 1E* (1)

- Indicates value is under review and unavailable on IRIS.

(1) EPA Integrated Risk Information System (JRIS)

(2) Superfund Technical Support Center, Risk Assessment Issue Paper for: Carcinogenicity
Information for Tetrachloroethene (PCE) (CASRN 127-18-4)

A - Compounds that are human carcinogens

B2 - Compounds that are probable human carcinogens

C - compounds are possible human carcinogens.




Table 15

Residential Exposure Factors

Exposure Variable Value Used Reference
Concentration in Water Benzene 18.5 ng/L Arithmetic average of
PCE 10.9 pg/L concentrations > RBC

EPA Region 4 (1)

Ingestion Rate 2 L/day EPA Region 4 default value (1)
and EPD default value (3)

Exposure Frequency 350 days/year EPA Region 4 default value (1)
and EPD default value (3)

Exposure Duration 30 years EPA Region 4 default value (1)
and EPD default value (3)

Body Weight 70 kg EPD default value (3) and EPA
RAGS (2)

Lifetime 70 years EPD default value (3) and EPA
RAGS (2)

(1) EPA Region 4, Supplemental Guidance fo RAGS: Region 4 Bulletins, Human Health
Risk Assessment (Interim), Waste Management Division, November, 1995.

(2) EPA, Risk Assessment Guidance for Superfund, Volume I Human Health Evaluation
Manual (Parf A), USEPA (EPA/540/1-89/002), December, 1989,

(3) Georgia EPD, Cha.pter 391-1-9 Hazardous Site Response Act, Table 3.




Table 16

Exposure Parameters for Surrogate Species Exposed to ECOPCs in Sediment

PDO Yard, HAAF
Surrogate Species
Parameter Raccoon
Body Weight (WT) in kg [4.31*
Food Ingestion Rate (IR) [0.23**
in kg/d
Sediment Incidental 0.02
Ingestion Rate (ITR)} in
kg/d as a percentage of IR
Food Ingestion Rate 0.06
normalized for body
weight (FI,) in kg/kg/d
AUF 1
Relative Bioavailability 1
Diet (estimated}* 50% insect
50% crustacea/ annelida
Source Medium Sediment

* Wildlife Exposure Factors Handbook
** [R= 0,0687*WT ***
FI= (IR + IRYWT
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LEGAL DESCRIPTION




v State of Ge'oz;gia
county of Chatham

Personally before the undersigned officer authorized to
administer oaths appeared Thomas D. Houston, REP, who being
duly sworn, does state on oath the following:

This affidavit is given on the basis that the following
described tract of land belonging to the United States of
America and located at Hunter Army Airfield, chatham Countyvy,
Georgia, has been listed as site number 10105 on the
Hazardous Site Inventory list prepared by the Environmental
Protection Division, Department of Natural Resources, State
of, Georgia:

LEGAL DESCRIPTION OF THE HAZARDOUS SITE

The hazardous site consists of a parcel or tract containing
0.9552 acres more or less which is a part of a larger parent
parcel or tract designated as Tract Number I-900 conveyed by
Warranty Deed dated 29 September 1950 from the Mayor and
Aldermen of the City of Savannah to the United States of
America as recorded in Deed Book 52-J Office of the Clerk of
Superior Court, Chatham County, Georgia. The hazardous site
is more particularly described as follows:

Beginning at_a point which is the Northwest corner at
Longitude 81 :08':24.32" West 32° :01':50.30" North, thence
S 46 :00':00"W 300.58 feet to a corner at Longitude
81°:08':26.84" West 32° ;01':48,25" North which is the
Southwest corner, thence S 40°:00':00"E 134.90 feet to a
corner at Longitude 81°:08':25.84" West 327 :01:47.22" North
which is the Southeast corner, thence N 47° :00'00"W 311.08
feet to a corner at Longitude B81° :08':23.20" West
32°:01°:49.33" North which is the Northeast corner thence
N44°°:00':00"W 137.56 feet to the point of beginning. The
said parcel being locally designated as the 01d pPDO yard
being enclosed by a Chain Link Fence located on Hunter Army
Airfield, Chatham County, Georgia.

"This property has been listed on the state's hazardous site
inventory and has been designated as needing corrective
action due to the presence of hazardous waste, hazardous
constituents, or hazardous substances regulated under state
law. Contact the property owner or the Georgia Environmental
Protection Division for further information concerning this
property. This notice is provided in compliance with the
Georgia Hazardous Site Response Act. " Georgia Rules for
Hazardous Site Response, Chapter 391-3-19,08(1).

Signature ; ~
Title: Chief, Environmental &
Natural Resources Div
Directorate of Public Works
Fort Stewart, Georgia

Sworn to and subscribed before

me this 2 & . day of Avgus7 , 1994.
ol o
Notary Pubfic /

GWENDOLYN L. MYERs
Notary Pyblle, Uberty County, Georgla
My Commisslon Explres Nov. 24, 1995
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Split-spoon samples for lithotogic definition and/or chemical analysis were coilected from 3 t.° 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereatter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/for chemical analysis were collected from 3 to 5 feet

below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 Fo 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet

below ground surface (BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemicat analysis were collected from 3 'f° 5 feat
below ground surface (BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereatter (unless otherwisa noted}.
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface {BGS) and every 5 feet or lithologic change thereatter (unfess otherwise noted}.
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Split-spoon samples for lithologic definition and/or chemicat analysis were collected from 3 !o 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic A\eﬁnilion andfor chemical analysis were collected from 3 to 5 faet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and evary 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface {BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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Split-spoen samples for lithologic definition and/or chemicai analysis were collected from 3 to 5 feet
below ground surface {(BGS}) and every 5 feet or lithologic change thereatter {unless olherwise noted).
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Split-spoon samples for lithologic definition andfor chemical analysis were collected from 3 t.o 5 feat
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/for chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unfess otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 Fo 5 feet
below ground surface (BGS}) and every 5 feet or lithologic change thereafter (unless otherwise notad).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 Eo 5 feet
below ground surface (BGS) and every 5 féet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 fo 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereatfter (unless otherwise noted).
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Split-spoon samples for lithologic definition andfor chemical analysis were collected from 3 to § feet

below ground surface (BGS) and every § feet or lithologic change thereafter {unless otherwise noted).
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Split-spoon samples for lithologic definition andfor chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereatter {unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition andfor chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithalogic change thereafter (unfess otherwise noted).
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Split-spoon samples for lithologic definition andfor chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were coilected from 3 t.o 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).

Tunt ¢ ua

Hele Ho. PDo- riu s/
DIVISION INSTALLATION SHEET
DRILLING LOG SAL Haar OF / SHEETS
e -
1. FROJECT 10. SIZE AND TYPE OF 8IT  ('/9" /D fsA
/ 3/0/ /2D0 oo . _ W or MEL]
F_ LOCATION [Coorliinates or Stattord M
SAV- G 7. MANUFACTURER'S GESIGNATION OF OGRILL
3. ORILLING Acsucvjs—[— CHE TS
/ 13. TOTAL HO. OF OVER- CASTURBRD I UNDISTURBED
4. HOLE KO, (A shown on deawing fille BUNDEN SAMPLES TAKEN 4: ;
aod file rammb e PO - Mo/ H
AT GF GRILCER 14. TOTAL NUMBER CORE BOXES —
D“h Zﬂwl th ELEVATION GROUND WATER
6. DIRECTICN OF HOLE 5. DATE HOLE STARTED COMPLETED
%fv:nﬂcu. [CJineLingD ORG. FROM VERT. 5“/‘35/?5 5 ?—t’)ﬁ &
17. ELEVATION TOP OF HOLE ;7,7 /
7. THICKNESS OF OVERBUROEN 13.07
18. TOTAL CORME RECOVERY FOR BORING x
5. DEPTH DRILLED INTO ROCK / . SIGCNATURE BF INSPRCTOR
9. TOTAL DEFTH OF HOLE AEWNY D. )!%;m;/
CLASSIFICATION OF MATERIALS % COR® 80X OA REMAAKS
ELEVATION| DEPTH |LEGEND RECOV- |SAMPLE .
escription) ERY 1) (Drdting tima oot stantioam®!
. b ly, ey d . f ]
= ol 3ar0s w;ﬂw&w Black !ore:/} + Yewr8r 5 Brovis /(, OVA; .
-y LA 3 h.jrwr/ ) 5;/ 0w -207,, wri sg e 7 3(;'99””5 {a HS- 0.5
: v Y Jff] ﬁrm-v' rud. ﬁ-.J(pArw-‘fP'f"""“ 4 / / Rz -
2 L . , {sM) [3-22-47- )5 0
—_ - s abowt, clayesr-207, _ L .~
] ‘. V. fovsr - fruge, 7 ' 63 2 379116 "’/ Hs- 2.0
- e BZ- o
4 - et (5) e
— L 1 as above - cfaywr zf—_’fﬁ}o 2%ppus wz-‘-}hﬁf HS - Ala
— Inw -
o PRI | 75 3 | 49trr0 dtwstw C2T©
A e RN (ess c(f-/s/ 0-z 0% (‘Sc) T /
—1 \
-_— - u#
. ) < ﬂ\lj_f of a !,-_O_P . . 4' ar
5? I T PJ
e v Lb Gy '0737/!,{{11avﬁ‘r /nmu\'“e -5 gz- ©
= R ;f.-r fris 5‘./,,70';0('//’;”#'(:}’_ o 7/ 4 4 7-& (D'd{eo(\
. ) Ve, ek . GC
F{z
-1 ('u"/ff:j; as abone . Mnn)/_;m.{; Lﬂ
- .. H — er
/2 1. ‘. “ , v
i - o hrd BE: v




Hale No. PDO- f7Wo2
DIVISION INSTALLATION SHEET
DRILLING LOG sS4 H A= oF ; SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT 6 7¢" /> <A
/310/ rBo £DO . o
2. LOCATION (Coordinates or Station) /13
A 2. MANUFACTURER'S GESIGNATION OF DRILL
3. ORILLING AGENCY — EHE 75
5.—’ 3. TOTAL NO. OF OVER. HBTURBRD UNDISTURBED
4, HOLE NOQ. (Aa stwwny an drawing titie BURDEN SAMPLES TAKEM J
and Hle ramaly e P_DQ-— /‘1‘\/02_
+ NANE OF DRICLER 14. TOTAL HUMBER CORE BOXES ~———
¢ > 14, ELEVATION GROUND WATER
4. DIRECTION OF HOLE 15. DATE HOLE 3TARTED COMPLEYRD
pvtnnc.n. OiNcLINED DEG. FROM VERT. &’/‘7'6/;‘ 8/25 74
17. ELEVATION TOP OF HOLE /7,57
7. THICKNESS OF OVERBURDEN /4.0 '
18. TOTAL CORE RECOVERY FOR BORING %
8. DEPTH DRILLED INTO ROCK 7 S TGNATURE GF INSFECTOR
9. TOTAL DEPTHOF HOLE  / 74,0 D Z"’/
Id
CLASSIFICATION OF MATERIALS 1 CORE |AOX OR REMANAKS
ELEVATION( DEPTH |LEGEND V- sLE| (D \
Beae b RERY [HATE| okt T A
o ve bigl i e d . { [
i R Jan D;u./‘l;ﬁm; Vo ¥ by f04R My oy Byl BLa2s o, apn
- -UI ¢ 2f1, dr , usSP o vl Firey, JIV'_?"W‘,) 3!43 oHS s - 15 b
10 ] et n/’ﬁ' 20, . potonl pr 75/ / wa L;/z—o -
Z AT (s#-.f/\h 7~ 0'25"’6 _ ___
e L &Y Br by-brg Yo BIK-2/, e Sorted (b Ms. s L
S siteien o - Gose (=) 6 3 2 3-g-( -, 82 az- o [
- | - sy 207, —
A .o . ‘{,"!P . (SH\ e
- .-: . L!K;/f - gff)ﬁ""z, Jﬂfu/), U-{UOJe' 5'4'7"'( 15&’ }?‘5‘* S-(’ :
- Pt Bre, lJt«ﬁr‘f”rcf' N 63 5 loet 82 o —
6 e B:ar:;’,,?é.fr%:.m’(%rﬂzﬁf""f 54 (5% A gimdelis —
it I He £ rawed] —
- . G "_}J s 4 éDW —_— - #yw —',‘-i-i/u all -
- SR ) ¥p0 el
§—I= o ey Vel el sertd, sty 57l Gegtog fe -0 |
i R wel, fr slttconcts varen, o8 4 (7(0/—' —
Lt [
10 1 (59 ~
] .-'.‘. C"“%‘;’j)‘a Ly aéomt(ruuuy :_"
= R sz | = |y -
s LR -
4= . —
- €.0.8 & o tqs —~
/76— —
s e -
— (A —
] o ndl
Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 !o 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical 'énalysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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below ground surface (BGS) and every 5 feet or

Split-spoon samples for lithologic definition and/or chemical analysis were coflected from 3 to 5 feet

lithologic change thereafter {unless otherwise noted).
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Split-spoon sampies for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface {BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted),

terairry

I HOLE NO.




- Hole Mo. o0&
DIVISION TNSTALLATION SHEET
DRILLING LOG SAV. anr OF | SHEETS

10. SIZE AND TYPE OF BIT 27¢ '® pibf / flard qoelf

4, HOLE NO. (Ae shown on drawing tiile
and file munbes)

M 0%

1. PROJEGT
/-){w-f’er LT M . UM F " Ty T A
2. LOCATIOR (Coordinates of Staiion) Ms -
0 12. MANUFACTURER'S DESIGRATION OF ORILL
3. DRILLIRG AGENCY / fm/( v Ay
Flec e 13. TOTAL NO. OF OVER- CisTURSED

UNDISTURBED

BURDEHN JAMPLES TAKEMN

5. HAME OF DRILLER
B. Z._yuuf\/

t4. TOTAL HUMBER CORE BOXES ——

15. ELEVATION GROUND WATER

6. DIRECTION OF HOLE STARTED COMPLETED
givznncnl. [CJiNcLINED DEG. FROM VERT. 18- DATE HOLE 7?;8/7 4 7/e8 /1%
. 17. ELEVATION TOP OF HOLE —
7. THICKNESS OF OVERBURDEN /4.0
18. TOTAL CORE RECOVERY FOR BORING — %
8. DEPTH DRILLED INTO ROCK / 15, SIGNATURE OF fNSPELTO
9, TOTAL DEPTH OF HOLE ’ fd.0 ! Pkl/ é)
CORE |BoX
euevamion] oeerufueeno|  CUASIPICATIOIESATENAS | REERE IR | o e T, o
a V7 bwe c d . i 9
P [ San: R wats AK Yok Er oyed/b ., b\ﬂ”‘g @f_ﬂ?_l_;_d_i OUAJE,’M L
O | st 2%, wafere .d"r/ al ] Hs-o 2
s PP N D o pe-o |-
z - (sw —
: ) L. ﬂ-&‘sg\:‘\ﬁb - h}wﬁ Z ﬂﬁ HY; O :
4 T s do Ry toYR bz v gl G -'*(zSA ) -
ot PR N YT A A ooses §4-6- - o
— :: H T, uﬁ'&ov‘f‘ﬁ?r 5:‘ ":bq".?_’;i’ 'r‘-jlo-ff\lﬂ,?é 7 { 3 r{p? d’ -
— e . L . ) ) :
JAp— ] weesy ('SM = /b s_luk“;’gm L. -
N az abowt, 1o N R el K. P s 0
m PN , Gy 1ove 57 o loose, forse y 2.4 4 A =
2 L (layegio-20, cllyrols (55 ‘ —
g asabore £ -t cloy famnnaz #3376 C,a‘f"’ R N
. sithy 2070 vlooseloo e ‘77 — [
- o, -.- 10 [ ) |
10—} »-c%ay»ﬁi(vmﬁfﬂ (&t : —
i VR I Ui eley 5t |, by, rodks Z-3-61 Hs- O [C
= . fnh(/ ), flns{-am, tedl sovie; S‘Q é —
" — '_'. ‘l"rmux-l-‘jfwontﬁ: . (SA :_
= o] s abive |, A _ 2~ ~10~0 Lab ws- 1 —
.. 2R 7 e [
7 & =
I EOB. o (40, [
76— —
13— "
20— =

Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted). -
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter (unless otherwise noted).
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Split-spoon samples for lithologic definition andfor chemical analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted),
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Split-spoon samples for lithologic definition and/or chemtcal analysis were collected from 3 to 5 feet
below ground surface (BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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Split-spoon samples for lithologic definition and/or chemical analysis were collected from 3 to 5 feet
below ground surface {BGS) and every 5 feet or lithologic change thereafter {unless otherwise noted).
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HUNTER ARMY AIRFIELD

SUBSURFACE ASSESSMENT

PDO YARD

SAVANNAH, GEORGIA

MONITOR

WELL N-COORD  E-COORD
MWOI 740077.60  818195.51
MwO02 740083.69  818106.43
MWO03 740036.02  818060.24
MWO04 739656.52  813044.36
*MW0O5 740101.60  818043.25
*MWO06 740169.63  818121.30
*MWO07 740179.57 818201.73
*MWO08 740111.13  318246.68
*MWO09 740162.43  818107.97
*MW10 74010470  818075.26
MW 740061.20  818129.53
MW1-19 739909.68 81824552
MW1-20 739961.14 818028.96
MW1-2i 739874.25  817937.44
MW1-22 740057.60  817925.36
MW1-23 739941.87  818135.72
MW1-24 740049.24  818134.68
MW1-25 740156.84 81811523
SOIL

BORING N-COORD E-COORD
SBO1 739828.02  817956.16
SB02 759342.18  818067.52
SBG5 735503.16  818051.54
SB04 74000158  818146.58
SB035 739926.64 818138.74
SB06 73985590  817889.05
SBO7 739881.06  817899.41
SB08 73990732 81792575
SBO9 739930.51 817951.03
SB10 739886.56  817926.24
SBil 739910.28  817954.10
SB12 736935.46  817979.70
SB13 739863.60  817921.71
SB14 739838.33  817951.24
SB15 739912.70  817979.33

[u—y

TOC

20.44
20.76
20.25
29.09
20.21
21.22
21.27
21.32
20.95
20.39
20.78
21.03
21.67
17.73
19.20
20.06
19.61
20.33

GROUND

i6.8
18.1
17.0
17.2
17.7
16.1
16.1
16.2
16.5
16.2
16.5
17.1
16.1
i6.5
17.1

BOC

17.7
17.9
17.5
26.2
17.5
18.5
8.5
i8.4
18.2
17.7
18.0
19.6
19.3
i6.2
NA
17.7
17.4
NA

GROUND

17.7
17.8
7.3
26.0
i7.5
18.3
18.4
18.3
18.1
17.6
i7.9
19.6
is.1

16.2
16.6
17.7
17.4
18.1




HUNTER ARMY AIRFIELD
SUBSURFACE ASSESSMENT
PDO YARD

TTAWNTARTAYT /3T
SAVANNAH, G

HAND
AUGER

HAO1
HAO2
HAO3
HAO04
HAOS
HAQ6
HAO7
HAD8
HAQY
HAI10

HYDRO
PUNCH

HP(1
HPO02
HPO3
HP04
HPO5
HP06
HPG7
HP08
HPO9
HP10

SURFACE
WATER
SAMPLE

SE/SWO01
SE/SW02
SE/SW3

N-COORD

739822.93
739892.65
739966.60
739951.08
739939.00
736923 .98
739913.26
739877.62
739891.63
759917.86

N-COORD

739891.01
739852.79
739996.56
740075.63
740137.18
740141.83
740087.65
740062.64
740011.18
739859.55

ORGIA

818176.52
818143.75
818138.43
818159.63
818174.55

813201.08

E-COORD

818104.13
818017.32
818214.85
818200.45
818132.09
318072.94
818130.66
318053.35
818084.88
818176.47

Q
[
o
[s]

GROUND

204
203
17.7
18.2
18.7
18.0
18.3
i9.1
9.4
19.1

GROUND

17.9
17.3
18.8
17.7
17.9
18.1
17.8
17.9
17.9

209

N-COORD

740299.94
740090.65
739924.57

E-COORD

818360.76
817910.94
817714.86

GROUND

3.0
7.6
7.70
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RISK-BASED CORRECTIVE ACTION IMPLEMENTATION PLAN
FOR THE
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1.0 INTRODUCTION

This Risk-Based Corrective Action (RBCA) Implementation Plan has been developed to outline
risk assessment activities for the old PDO Yard at Hunter Army Airfield (HAAF), Savannah,
Georgia. The airfield is a subinstallation of nearby Fort Stewart which maintains a RCRA Part B
permit jssued under the Georgia Hazardous Waste Management Act. The risk assessment
activities are designed to evaluate the need for corrective actions necessary to manage actual or
potential releases from the PDO Yard. Risk assessment activities for the RFT will be performed at
The PDO Yard using recent guidance from the State of Georgia, Georgia Environmental
Protection Division Guidance for Selecting Media Remediation Levels at RCRA Solid Waste
Management Units (Georgia EPD 1996), which was developed to implement on a state level the
concepts of risk- based corrective action proposed by EPA in RCRA Subpart S (55, Federal
Register, 30798; 61, Federal Register, 19432).

1.1 SCOPE AND OBJECTIVES OF THE RBCA IMPLEMENTATION PLAN

This plan defines the procedures for assessing the risk to human health and the environment, and
identifies methods for calculating site-specific remediation levels under RCRA for the PDO Yard.
Methods and milestones for both human health and ecological assessment are outlined.

1.2 SCOPE AND OBJECTIVES OF THE PDO YARD RFI RISK ASSESSMENT

An assessment of potential human and ecological risk will be performed at the PDO Yard during
the RFI field activities. Field data will be used to identify the chemicals and areas of concern
(COPCs) at the site. A baseline risk assessment (BRA) for human receptors and preliminary risk
evaluation (PRE) for ecological receptors will be performed to identify the need for corrective
action or further assessment.

The scope of a human health risk assessment at the PDO Yard is to identify and evaluate all
potentially complete exposure pathways of concern and evaluate any completed

source —» pathway —» receptor scenario. This involves identifying COPCs, pathways of concern ,
exposure scenario type (industrial, residential), and location of actual and potential human
receptors that may be exposed. The human health risk assessment will be performed under the
general State guidance (Georgia EPD, 1996), EPA guidance (EPA 1989a, 1989b, and 1992), and
supplemental guidance provided by EPA Region 4 (1996a).

The scope of the ecological risk assessment (ERA) at the PDO Yard is to characterize the risk to
ecological receptors, focusing primarily on animals in terrestrial and aquatic environments,
resulting from potential chemical exposure. The ERA will be performed according to Georgia
EPD guidance (Georgia EPD 1996) and EPA guidance (EPA 1996b and 1997c). The ERA will
evaluate potential ecological effects by conducting a Preliminary Risk Evaluation (PRE).
Additional investigation into the types of ecological receptors including threatened or endangered
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species protected under the Endangered Species Act (DOI 1973) will be performed if the PRE
indicates an unacceptable level of risk exists.

2.0 DATA ANALYSIS AND BACKGROUND SCREENING

As part of a field investigation, only data that are collected, verified, and validated according to
the Quality Assurance Program Plan (QAPP), will be used for this assessment. Data are reviewed
and screened to identify site-related chemicals. The following sections present the process
through which the data are reviewed and compared to background concentrations.

2.1 INITIAL DATA REDUCTION

The data set used in the risk assessment will consist of sample results verified and validated using
methodology described in the QAPP. Data qualified during the validation as rejected data (R”)

will be evaluated for their usability. Data determined to be unusable will be clearly identified and
excluded from the data set.

Detection limits achieved during sample analysis will be reviewed to ensure that required
detection limits have been met. Typically, detection limit requirements are established to ensure
that characterization has occurred to levels that are low enough to determine if chemicals are
present at hazardous levels. These levels are chemical-specific and related to each chemical’s
toxicity. Required detection limits are presented in the QAPP. In some cases recommended
detection limits cannot be achieved by a laboratory, e.g., if matrix or chemical interference
requires that a sample be diluted. Elevated detection limits that exceed 10 times the required
detection limit may be excluded from the risk assessment data set,

2.2 BACKGROUND CHARACTERIZATION

A major step in assessing data is to distinguish between chemicals that are likely related to past
waste storage practices and those that may be naturally occurring or “background” level. Data
collected up-gradient of expected contamination will be used to define background levels for the
risk assessment.

2.3 BACKGROUND COMPARISON

Background surface soil, surface water, sediment, and groundwater quality will be assessed
during the RFI. Background samples will enable M&E to distinguish between naturally
occurring and site-related inorganic elements, Where possible, background sampling locations
have been selected in areas which are located hydraulically up-gradient of the PDO Yard. The
background soil and groundwater sampling locations are within close proximity to the PDO
Yard and therefore should be representative of natural conditions. Although the background
surface water and sediment locations are up-gradient of the PDO, upstream activities at the
Installation may affect surface water and sediment quality.
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Each background soil, groundwater, surface water, and sediment sample collected during the
RFI will be analyzed for volatile organic compounds by Environmental Protection Agency
(EPA) method 8260, semi-volatile organic compounds (SVOC) by EPA method 8720, TPH by
EPA methods 8100M and 8015M (Diesel Range Organics - DRO, and Gasoline Range Organics -
GRO, respectively), and priority pollutant metals by EPA methods 6000/7000. Gross alpha and
beta radiation by EPA method 900.0/9310 will also analyzed in soil and sediment samples (Phase I
samples only). The radiological parameter samples will be collected to assess any possible effect
of past coal storage in the PDO Yard area on soil quality.

Results will be compared to the chemical-specific background location concentrations. Inorganic
analytes with no detection greater than two times the background concentration will be
considered naturally occurring and not related to past waste disposal activities at the site.

2.4 WEIGHT-OF-EVIDENCE SCREENS

Because of inherent problems in applying a single background criterion to data sets that have
different characteristics, an additional screening step will be applied to the data after they have
been subjected to the background screen. This screening step is referred to as a weight-of-
evidence screen; that is, multiple types of evidence are considered to determine whether a
chemical is site-related or naturally occurring. This screen will be applied to chemicals that,
based upon review of the sampling results, should be more carefully scrutinized because of
site-specific issues that need to be addressed. For example, naturally occurring metals may be
present in concentrations near the analytical detection limits, making it difficult to evaluate, or
a chemical may not have site-related background concentrations, therefore, other data may be
used to evaluate if the concentrations are within normal background ranges. The weight-of-
evidence screens that will be used to further evaluate the data are described below.

Site-related chemicals may not be screened out during comparison to background because some
metals occur naturally in the environment at levels that are near analytical detection limits.
This situation will need to be evaluated if and when it occurs. Because the single background
location is not comprised of a statistically-based mean concentration, it is possible to observe
occasional detections above the criteria that are still within the range of background. A review
of the analytes with a low frequency of detection above the background criteria will be
performed. If a single detection is greater than the background concentration or the chemical
is detected at levels that are only slightly above the background screening value, the chemical
will be evaluated as to whether it is significantly above background or within the expected
range of variation of the data set. In this case, the standard of twice the background
concentration will be applied to evaluate the significance of the detected concentration.
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3.0 HUMAN HEALTH ASSESSMENT

The methods for assessing human health concerns for the PDO Yard RFI is derived primarily
from recent Georgia EPD guidance (Georgia EPD 1996) and the Supplemental Guidance fo
RAGS: Region 4 Bulletin Human Health Risk Assessment (EPA 1996a).

Figure D-1 summarizes the general process for assessing risk and selecting remedial levels for
human receptors, as illustrated in the Georgia EPD guidance (1996). This process is similar to
earlier EP A methods for assessing risks at Comprehensive Environmental Response,
Conservation, and Liability Act (CERCLA) sites. The process is divided into three primary
phases;

e Step 1 - Compare analytical data to screening values and determine if there are COPCs at a
site.

e Step 2 - Evaluate baseline risk for COPCs.

e Step 3 - If target risk/hazard levels are exceeded in the baseline risk assessment, select
chemicals of concern (COCs) and derive remedial levels based on complete and potential
future pathways.

The following sections summarize the risk assessment work to be performed at the PDO Yard.

3.1 STEP 1: SCREENING FOR CHEMICALS OF POTENTIAL CONCERN

The purpose of risk evaluation screening is to identify the COPCs and areas of concern (AOCs) at
a site, and possibly identify sites for which no further action is needed. The first step in the risk
process uses screening levels that are easily obtainable and, due to their conservative nature, can
be used with a high degree of confidence to indicate sites for which no further action is required.

The screening process is similar to the ASTM (ASTM 1995) Tier 1-type risk screen. The screen
involves the following stages:

» For inorganics, identify chemicals that are present at concentrations greater than two times the
average background levels (see Section 2.2). All confirmed organic COPCs are evaluated

with respect to screening criteria.

¢ Identify potential migration and exposure pathways associated with the site and identify
potential exposures scenarios,

¢ Identify risk-based screening levels for each contaminant detected at least once above
background levels at each site.

»  Compare site-related concentrations to screening levels to determine if any COPCs exist at
the site.
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Phase 1:
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B oseoe e

*Adapted from Goorgia EPD guidance for selecting media remediation lavels at RCRA SWMUs
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3.1.1 Screening Levels

Table 1 and Table 2 provide screening levels for soil, sediment, groundwater and surface water
that will be used during the PDO Yard for evaluating COPCs. These levels have been taken from

the following sources:

s  Soil screening levels developed by EPA (EPA , 1994);

¢ Soil and groundwater risk-based concentrations developed by EPA Region 3 (EPA Region 3,
1996);

o Federal drinking water MCLs for groundwater;
o Georgia EPD Instream water quality standards for surface water; and

EPA Region 4 Waste Management screening values for surface water and sediment (EPA
Region 4, 1995b).

The EPA Soil Screening Guidance (EPA, 1994) provides two options for selecting soil values that
address protection of groundwater. One value assumes no contaminant dilution or attenuation
would occur between the soil and groundwater; a second value assumes a 20 fold dilution-
attenuation factor (DAF). For COPC screens at the PDO Yard, a DAF of 20 will be selected for
organic constituents and a DAF of 1 will be used for inorganic parameters consistent with EPA
and EPD guidance. The more conservative DAF will be used because of the relatively shallow
depth to groundwater and permeable soil type at the site. Soil screening levels based on ingestion
of surface soil are also considered.

The screening levels for the PDO Yard RFI risk assessment reflect a residential land use scenario.
The exposure scenarios used in the residential-based levels are: incidental ingestion and dermal
contact. Applying a residential exposure scenario typically results in an overstatement of the risk
to receptors because of the conservative assumptions used to develop residential screening
criteria. This, along with the use of conservative screening criteria, should maximize protection
to current and potential future populations,

The absence of risk-based concentration levels is generally a result of (1) the chemical not being
considered to be toxic except perhaps at extremely high concentrations (e.g., aluminum, sodium,
etc.), (2) no dose-response data indicate a toxic effect; or (3) the EPA is currently reviewing
toxicity information and no reference dose or cancer slope factor currently is available; as is the
case for lead,
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3.1.2 Screening Method

The risk screening process is a systematic screening of field sample results to determine potential
site-related COPCs, The following process will be used to screen chemicals detected in soils;

¢ essential elements and inorganics detected within the range of background are not considered
to be COPCs;

o chemicals considered not site-related based on weight-of-evidence screens are not considered
COPCs (determined on a case-by-case basis);

e chemicals below soil screening levels are not considered COPCs; and
¢ All remaining chemicals will be considered COPCs for soil,

Chemicals detected in groundwater will be screened from further consideration using the
following criteria;

s  chemicals detected within the range of background are not considered COPCs;

e chemicals considered not site-related based on weight-of-evidence screens are not considered
COPCs,

» chemicals detected below risk-based screening levels are not considered COPCs; and

o all remaining chemicals will be considered COPCs for groundwater.

3.2 STEP 2: BASELINE RISK ASSESSMENT

3.2.1 General Method

A BRA will be performed for COPCs identified in the risk evaluation in accordance with methods
presented in the Georgia Environmental Protection Division Guidance for Selecting Media
Remediation Levels at RCRA Solid Waste Management Units (Georgia EPD 1996) and the
Supplemental Guidance to RAGS: Region 4 Human Health Risk Assessment (EPA 1996a).
Additional methodology may be taken from:

®  Risk Assessment for Superfund, Volume I: Human Health Evaluation Manual, (Part A)
(EPA 1989b),

o Dermal Exposure Assessment: Principals and Applications (EPA 1992);

RFI appendix D final.do¢ -
Pp D-9




o US. EPA Infegrated Risk Information System (IRIS); and

e Health Effects Assessment Summary Tables (HEAST) (EPA, 1997b).

3.2.1.1 Exposure Assessment

The exposure assessment will be performed in two steps. The first step will be to identify any
potentially complete pathways between the contaminant source and potential receptors. This
involves identifying potential current and future receptors, release mechanisms through which
contamination may come in contact with the receptors, and the routes of exposure through which
the receptors may be exposed. Figure D-2 presents a conceptual site model which illustrates
potentially complete pathways for contaminant sources at the PDO Yard. Figure D)-3 provides a
conceptual model flow diagram between contaminant sources and potential receptors.

The second step will be to quantify the exposure for each receptor resulting from contact with
contaminated media. In order to quantify exposure for each receptor, chronic daily intake (CDI),
or exposure per unit body weight per unit time averaged over the exposure period, will be
estimated. Receptors may be exposed to chemicals by contact with site media or as the result of
chemical migration away from the source into other media, The expression for groundwater
ingestion is given equation 3.1 below.

CDI = (CW x IR x EF x ED)/(365 x BW x LT) (Equation 3.1)

where: CDI = Chronic daily intake (mg/kg-day)
Cw = Chemical concentration in water (mg/L)
IR = Ingestion rate (L/day)
EF = Exposure frequency (days/year)
ED = Exposure duration (years)
BW = Body weight (kg)
LT = Lifetime (years)

Exposure from a direct contact pathway represents exposure via direct contact with the source
media. For direct contact pathways, the exposure point is represented by data collected at the
site. Direct contact exposure, if applicable, will be estimated using standard exposure equations
and standard parameter values identified for various exposure conditions (EPA 1996a, 1992b,
1989). Where available, site-specific parameter values will be used.
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Exposure pathways that incorporate chemical migration to a secondary media (groundwater,

surface water, sediments, air, and biota) or to an off-site receptor are referred to as indirect

contact pathways. The CDI concentrations for the secondary media will be determined using
mathematical models that take into consideration chemical-specific and media-specific properties b
to estimate the chemical concentration in the secondary exposure media.

Migration to and through groundwater to a receptor often is a primary pathway in defining
baseline risks and in calculating site-specific remediation levels, An important aspect of
quantifying this pathway is defining the hydrogeologic conceptual model. This model is essential
for establishing quantitative estimates of chemical migration. The outputs of the modeling effort
verify chemical-specific DAFs, which are subsequently used both in the BRA and to develop
remediation levels for off-site exposure to groundwater. DAFs incorporate physical, chemical,
and biological characteristics of the subsurface into one predictor of chemical migration through
the subsurface environment. The two primary considerations in developing the DAFs are:

1. dilution, or mixing, of the chemical in groundwater in various directions; and
2. attenuation, including chemical binding (absorption) of the chemical to the subsurface soil

particles, and biological degradation (applicable only for organic compounds).

3.2.1.2 Toxicity Assessment

This section briefly summarizes the effects of chemicals on exposed populations. All toxicity
values will be derived from published data provided in Integrated Risk Information System (IRIS)
(EPA 1997a). If toxicity data are not available on IRTS, the Health Effects Assessment Summary
Tables (HEAST) (EPA, 1997) will be consulted.

S

The cancer slope factor (SF) is defined as a plausible upper-bound estimate of the probability
developing cancer as a result of lifetime exposure to a particular concentration of a potential
carcinogen (EPA 1989b). Slope factors are specific for each contaminant and route of exposure.
The potential for noncarcinogenic health effects is assessed by comparing an exposure estimate
(intake or dose) to a reference dose (RMD). The chronic RfD is defined as an estimate of daily
exposure level for the human population, including sensitive subpopulations, that is likely to be
without an appreciable risk of deleterious effects during a lifetime (EPA 1989b). An RiD is also
specific to a chemical and route of exposure.

3.2.1.3 Risk Characterization

A risk characterization estimates the likelihood that receptors can develop adverse effects as a
result of exposure to COPCs (EPA 1991). Risks will be calculated from toxicity information and
the results of the exposure assessment. For radionuclides and carcinogens, incremental lifetime
cancer risks (ILCRs), or the increased lifetime probability of cancer, will be calculated. This
ILCR represents the increase chance above the background of contracting cancer. In the United
States, the background chance is approximately 3 chances in 10, or 3 x 10" (American Cancer
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Society 1990). The resulting ILCRs are compared to the range specified in the National
Contingency Plan (EPA 1990) of 10° to 10, or 1 in 1 million to 1 in 10,000 persons developing
cancer. ILCRs below 10° are considered acceptable risks, while ILCRs above 10™ are considered
unacceptable risks. Risks between 10" and 10™ should consider uncertainty in the risk estimates.
The risk of developing cancer will be determined as follows (EPA 1989b);

ICLR =(CDI x SF

where:

ILCR = Incremental Lifetime Cancer Risk (unitless probability),
CDI = chronic daily intake or dermally absorbed dose from exposure assessment (mg/kg-

day),
SF = Cancer Slope Factor (mg/kg-day)™

For a given pathway, with simultaneous exposure of a receptor to several carcinogens, the total
risk to a receptor is the sum of the ILCRs for each carcinogen encountered in all sources and each
pathway. The equation that will be used to calculate the total ILCR is :

ILCR .y = D ILCR,

where:

ILCR, = Total chance of cancer incidence,
ILCR; = ILCR for the i* contaminant.

Noncarcinogenic or toxic effects from exposures to hazardous substances will also be considered.
Possible adverse effects associated with toxic chemicals are evaluated by comparing an intake, or
CDI, to an RfD. The RfD is the threshold level below which no toxic effects are expected to
occur (in a normal population, including sensitive subpopulations). The ratio of intake over the
chemical specific RfD is termed the hazard quotient (HQ) (EPA 1989b) and is defined as:

I
HQ=——
QR/D’

where:

HQ =Hazard Quotient (unitless ratio),
CDI = daily intake of & contaminant (mg/kg-day),
RfD = Reference Dose (mg/kg-day).

The HQs for each contaminant are summed to obtain a hazard index (HI). An HI greater than 1
has been defined as the level of concern for potential adverse noncarcinogenic health effects (EPA
1989b). This threshold approach is different from the probabilistic approach used to evaluate
carcinogens. A HQ of 0.1 indicates that the estimated intake is 100 times less than the threshold
level at which adverse health effects may occur. In the simultaneous exposure of a receptor to

RFI appendix D final.doc
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several chemicals, a HI is calculated as the sum of the individual HQs for all noncarcinogens
encountered in all sources for each pathway as follows:

HI =Y HO,,

where:

HI = Hazard Index for toxic effects,
HQ; = Hazard Quotient for the i contaminant.

A total ILCR and a total HI associated with each media for each receptor will be estimated by
summing the pathway-specific values,

3.2.1.4 Uncertainty Analysis

There is uncertainty associated with every risk assessment. Assumptions built into a risk
assessment tend to be conservative and overestimate rather than underestimate potential risks, but
occasionally can result in underestimating risk. For example, it is assumed that the toxic and
carcinogenic effects of the chemicals of concern are additive with respect to pathway and media.
This assumption can result in an underestimation of risks due to synergistic toxic effects, or an
overestimation of risks due to antagonistic toxic effects. In addition, the risk parameters typically
used reflect an upper bound for the population. These upperbound assumptions compounded for
each parameter may result in an overestimation of risks to the typical population. As part of the
risk evaluation for the PDO Yard, uncertainties will be identified and addressed wherever possible
in order to qualify the risk results.

3.2.1.5 Identification of Chemicals of Concern

Chemicals of potential concern will be identified as those contaminants that exceed acceptable
screening criteria for each receptor and pathway and are not eliminated based on the weight of
evidence evaluation. The COCs will be identified as compounds exceeding recommended risk
levels and will be specific to media and receptor. These chemicals represent the main contributors
to human health risks at the site that will need to be addressed during remedial action.

3.3 STEP 3: REMEDIAL LEVELS IDENTIFIED FOR PROTECTION OF HUMAN
HEALTH

The BRA identifies actual chemicals and pathways of concern, Site-specific remediation levels
may be developed for chemicals and pathways of concern for presentation in the Final RFI
Repori. Georgia EPD recommends developing risk-based remediation levels using a risk goal at
least 1 x 10 and not to exceed 1 x 10* for remaining carcinogens, and an HQ of no more than 3
for noncarcinogens (Georgia EPD 1996). The Georgia EPD preference for target remediation
goal is a 10" cancer risk and a target HQ of 0.1.
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Prior to developing final site-specific remediation levels, issues such as receptor location {point of
compliance) for each media and the method for handling any modeling uncertainties identified in
the BRA must approved by applicable USACE, Fort Stewart and regulatory personnel,

4.0 ECOLOGICAL RISK ASSESSMENT

The State of Georgia requires that all RCRA facilities choosing to set remediation levels based on
an assessment of risk to human health and the environment prepare risk assessment
documentation and proposed remediation levels according to the Georgia EPD's Guidance for
Selecting Media Remediation Levels at RCRA Solid Waste Management Units (Georgia EPD
1996). Additional guidance is contained in EPA Region 4 Bulletin, Supplemental Guidance to
RAGS, Ecological Risk Assessment (EPA , 1996b),

The assessment of risk for ecological receptors at the PDO Yard will be conducted in a phased
approach according to Georgia EPD guidance (Georgia EPD 1996). As shown in the flowchart
of the Georgia EPD ecological risk assessment process (Figure D-4), the two phases are:

o Preliminary Risk Evaluation (PRE), and
¢ Ecological Risk Assessment (ERA).

The PRE will be conducted using analytical results from samples of soil, sediment, surface water,
and groundwater collected in accordance with the RFI Work Plan (see Section 3).
Concentrations detected will be compared to ecological screening values (ESVs). Remediation
levels for protection of ecological resources will be developed and proposed in the ERA only for
those contaminants that are identified as ecological contaminants of concern in the PRE,
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Georgia EPA Guidance for Identifying Ecological Risks

|

™

EPA Region IV

i
Screening Value Comparison j'

Do Site

Analytical Data Exceed
Screening Values?

Yes

\
Preliminary Risk Evaluation |
J

A

o

Preliminary Problem Formulation |

~

Step i

Y

Step il
Prelimina
Ecological Effects Evaluation

4

Step iii
Preliminary Exposure Estimate

Y

Step iv
Preliminary Risk Calculation

Ecological Risk
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{  No Ecological Risk
,  Assessment Required

Yes

No

No Remedicﬂ Levels for
Ecological Receptors
are Determined

L 4
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CQOPCs and Remedial
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*Adapted from Georgia EPD guidance for selecting media remediation levels at RCRA SWMUs
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ATTACHMENT 1

CALCULATION OF ARITHMETIC AVERAGES

Benzene: Arithmetic average= 29,2 ug/l

Sampling Location
PDO-MWO1
PDO-MW02
PDO-MW06
MW1-23

MW1-25

Concentration > RBC (ug/l)
64

4

361

13

29

Tetrachloroethene: Arithmetic average= 22.3 ug/l

Sampling Location
PDO-MWO02
PDO-MWO05
MW1-22

MWI1-24

RFI appendix D final.doc

Concentration > RBC (ug/l)
16
47
117
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APPENDIX E
FIELD LOGBOOK
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APPENDIX F
MONITORING WELL CONSTRUCTION DIAGRAMS
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506 Supqe 10X :

503 .66 | 5 Putl bray Qe sand _

50% Sweae 10K |

1511 | bk | JO Samt |

Bl Surae /OX

/579 J Lo | 15 Sl |

524 Sucae /OX

/527 )l | 30 Styaldly Ovarer

1532 Speae  JOX

/535 LG | 5 Sl

/539 Sursge J0Y

/591 ] L6 | 30 Sepd

)<y Sa rq< Jo X

Js49 [ee | 35 Sowe

(553 Suiie JO

1550 | [ 66 | 40 Clousty .

1559 Lot | 45 Shaltly Clovely |

/608 [ | Lo Maes Gloar |

Wiy L Lt | 7O see (lparer

[623 - [4¢ | 35 Same

/e LG | 95 Sqme
i /(.33 .56 |/o6> Same ,i
| (703 (50| 151 Clear |
*1 1% ].50 |1Lg [Yes | Clear

¢

TOTAL VOLUME PURGED: /(9 5

COMMENTS




MONITORING WELL DEVELOPMENT

METHOD OF DEVELOPMENT: “DUR{ (.

‘A
Blck ke oy

7-3)-76

ol o

STATIC WATER LEVEL:

|

OBSERVATIONS

Juryd) 10X fupp t Brey

Sr‘fﬁaﬂp A% Ponp? Sgunl b

mwé’ JOy, R, 3k

¥ Rap: GV "kﬁf
g
ry
1
7 N
(leaner”
1t

5]{"?”&{ 6/0&0{‘-[

Alport Cleas

TOTAL DEVELOPMENT TIME:

TOTAL VOLUME PURGED:

e e e

Wty
e

T brvevm
A SRRSO




SHAVIOOLOHd INFINJOTIATA TTIA ONTIOLINOWN




SHAVIDOLOHd INHINdOTIATJ TTAA ONTJO.LINOI




-

SHAVIODOLOHd INFINdOTIATA TTIMA ONTIOLINOIN




B /—h\‘

FIELD LOG BOOK SAMPLING DATA:

ME

Meolcalf & Bddy

GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY:

5.2w£/€//17./%2"4f
/“?’:’er Sam%ﬁnde,
End_//4 0O

PROJECT NAME: HAAF

Time start 100

Date sampled; ‘3’/ ”!‘7‘3

1. Casing Diameter (d) ) inches+12= 0.1% ft

2. Depth of water from T.O.C. 5.1 ft
-—

3. Depth of well from T.O.C. s ft

4, Feet of standing water (h) (o 13 ft

CALCULATION:

Standing water volume =nf[(d)2 +4](h)

WELL ID;_PDo - mw ol
LOCATION: PDo Yerd
Well secured upon amival? (/N

1. Standing water (gal.) =___/- &
2. X 2
3. = 2.0 gallons to purge

4. Purging Method Pe-(.‘yﬁ./;l,c /Dw..,O

well volumes

=344[( 0% _#)2+4](Lo-/D ftyx7.48gal/tt3=_{-° gqal

pH Conductivity Temperature, (F)

1.Well volume = [. O gal. 3.9 343 A5

2 Well volume = * 0 gal. N, 2 209 1.3
3.Well volume = 3.0 gal. ) 187 6.7
4.Well volume = gal.

5.Well volume = gal.

Ground water sample

Field preservation - S¢e C-0-<&

Sampling method - DIS?amJ/e Telinm B for

Sample Description

Odor:

| Cloay

Color: ﬂa‘nj Jm;f/cj

Appearance:

Weather Conditions:

ON A

Air Monitoring Equipment used:

Reading: Breathing zone: Q’.P,pm
in Well: PRI
— . - ® /@ /@
COMMENTS: _ Tawhdd b/ = ATU 1.2 b6l 0,3¢

/! 1
Floy cde = 200 m)  mia




FIELD LOG BOOK SAMPLING DATA:
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: é-%%’/// /p%%//

PROJECT NAME:_HMAAF 13— Gir Sam?a/:n;,

Date sampled;__ 2 ~//- 78 Time stant_/%/© End_/ Y22

1. Casing Diameter (d) 2 inches+12=_0.t%F i

2. Depth of water from T.0.C. 718 ft
3. Depth of well from T.O.C. /8- 30 ft
4. Feet of standing water (h} lo. /T ft
CALCULATION;

Standing water volume =n[{d)2 +4](h)

Metcall & Eddy

WELL ID: PDo - wmwo2
LOCATION: PDo Yard
Well secured upon anival? (¥/N

1. Standing water (gal.) = /. ©
2. X 3 well volumes
3 = 3.2 gallons 1o purge

4, Purging Method P&f:J‘TLJ;l.c /?..70

—314((01F f)2+4)(_6./T ft)x748gal /3= (. D qgal

pH Conductivity Temperature, (F)
1.Well volume = |-© gal. 50 L00. € 21723
2.Well volume = 20 gal. 5, 4.0 26,6
3.Well volume = 3.0 gal. 5 s ’ ‘?"-J : ‘8 2 —"/. G
4. Well volume = gal.
5.Well volume = gal.

Ground water sample

Sampling method - _D:spesafle Telim  Bailer

Sample Description

Field preservalion -

See C-O-

Odor:

Color:

Appearance: ek ls 5’».,«//6 : é’/@u/

Weather Conditions:

Air Monitoring Equipment used: _ON A4

Reading: Breathing zone: glp’_pnu

In Well: PP

T

@)
COMMENTS: ’r’wé.‘a/-'vz;/ = AT @?#‘17,/ 4.33 /O,éﬁ




FIELD LOG BOOK SAMPLING DATA:

Motcall 8 Fddy

GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: & Pouglly D. Kot

WELL ID;_FDo - thweD

PROJECT NAME: MAAF

LOCATION: PDo \/@r/

7/
/% Qe Sav_?aﬁn;,

Date sampled: 8'//'ﬁf Time stat /42 8 End

1, Casing Diameter {d) X inches+12= o.1%F
2, Depth of water from T.0.C. 7.73 ft
3. Depth of well from T.0.C. /e 25 ft
4. Feet of standing water {h} 5T fl

CALCULATION:

Standing water volume =n[{d)2 +4](h)

/
7503 Well secured upon anival? (¥/N
1. Standing water (gal.) = /. /
2. X 3 well volumes
3. = 3.2 gallons to purge

4. Purging Method Pec:stallle Pw—/’

=344[( 01F f)2+4]( -92 ftyx748gal/#t3=_1/ gal
pH Conductivity Temperature, (F)

1.Well volume = [ gal. - ? 296 Z?. 8
2, Well volume = 2.t gal. 3, @ 284 7.4
3.Well volume = 3.9 gal. 3.9 22/ 26. %
4.Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampling methog - D:S?o:M{/e /J:’vg/«fh B loy Field preservation - Sece p-L

Sample Description

Qdor:
Color: Metlols fﬁmﬂ/é’ /}/M
Appearance:

Weather Conditions:

ONA

Alr Monitoring Eguipment used:

Heading: Breathing zone: ¢,iapm
in Well: PRy n PREN
7 i v /%046 [ 5
COMMENTS: /WA:O/.'@/ = AT Lo [/ 046 [ 1v




'
FIELD LOG BOOK SAMPLING DATA: ME .
GROUNDWATER MONITORING WELL WORK SHEET e

SAMPLED BY:_G -?\ng/,/D- #MM/}/ WELL ID:_PDPo - mw oY
PROJECT NAME:_M#AF [ Qtr Sa—-fﬂﬁnde, LOCATION:_PPo_Yeryl
Date sampled;_ 8- /0 - 76 Time start_/532 End /&34 Well secured upon anival? (/N

1. Casing Diameter (d) 2 inches+12= o.01F _fi 1. Standing waler {gal.) =___!- 3

2. Depth of water from T.O.C. /.50 ft 2. X 3 well volumes

3. Depth of well from T.0.C. 2035 ft 3 = 5.1 gallons to purge

4. Feet of standing water (h) 7.85 it 4, Purging Method p&rfffa/)l.c Pu—-ﬂ
CALCULATION:

Standing water volume =n[{d)2 +4](h)

=314[( 0% f)2+4)( 8BS fiyx748gal/t3=1TF gal

pH Conduclivily Temperature, {F)

1.Well volume = Ly gal. Yo (’/ A5 3
2.Well volume = 3.4 gal. Yo.5 26. /
3.Well volume = 5. | gal. H /. 2 27.
4. Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampling method - 'D::s'pa:a.ﬂf’ T;ﬂ/m\ Ba: oy Field preservation - _ Sce <.o0 - &
Sample Description

Odor:

Color: ﬂ”lr/aﬂs 5"--//6 P Cfery”

Appearance:

Weather Conditions:

Air Monitoring Equipment used: ONA

Reading: Breathing zone: Q(,pfpnu
in Well: ‘P,Pm @ s (,z) i Q
COMMENTS: _ Tewh ol 7[?/ = ATU 2.53 / [+ 10 / 9.9




TN

FIELD LOG BOOK SAMPLING DATA: M:ﬁ
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: G, ﬂw&é/ /D'/}/Wén/ WELL ID:_FDo - ymwo S~
PROJECT NAME:_M44E 1% Qir Saceplng LOGATION:_PPo Yoz
Date sampled:___§-/2-92  Time stat_/ ¢ S End /¢3S well secured upon amival? (/N

. Standing water (gal.) =___ /- 7

-

1. Casing Diameter (d) 2 inches+12=0.1% 1t

2. Depth of water from T.0.C. 7.2 fl 2. X 3 well volumes
3. Depth of well from T7.0.C, /7. /o ft 3.= 5.4 gallons to purge
4. Feet of standing water (h} 7! g'% it 4, Purging Method P&(-'J‘f'a/il. 4 /2»70
CALCULATION:
Standing water volume =n[{d)2 +4](h)
S314[( 01 f)2+4)( 2. FF M)x748gal/tt3=_1-7 gal
pH Conduclivity TeTEeralure, {F)

1.Well volume = 1.9 gal. H.¥ 93,1 " 23.%
2.Well volume = 3./ gal 5 93.3 2Y. 0
3.Well volume = §. | gat. 5. 2 2./ 25. 7
4, Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampling method - 'D:slpam!/e T;rﬁ/m\ Ea« ey Field preservation - Sce C-o-
Sample Description

Odor:

Color: I/Mdiﬂz(p’ 5’”‘70/(— ‘ C’//éé/

Appearance:
Weather Conditions:
Air Monitoring Equipment used: ONA

Reading: Breathing zone: Q’gpm

In Well: PRV o / @ / @

COMMENTS: _ Tewhd: 73;/ = ATu 030 // b. 4/ / 0.t




FIELD LOG BOOK SAMPLING DATA:

ME

GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: G Rewel /-/)-//MM/

PROJECT NAME: HAAF

/J—’: Ot Sa_...;,ﬂfnde

Time stan_ /322 End /%3¢

Date sampled: P-iv- 78

1. Casing Diameter (d) 2 inches+12=_0.1% ft

2. Depth of water from T.0.C. A ?t/ ft
3. Depth of well from T.0.C. /5.7 f
4. Feet of standing water (h) 1.9 ft

CALCULATION:

Standing water volume =n[(d)2 +4](h)

WELL ID;_FDo - muw ole
LOCATION;_PDo_Yerd
Well secured upon amival? IN

1. Standing water (gal.) =_/‘L

2. X 3
3.= o

well volumes

gallons to purge

4, Purging Method P&r-‘sfa/ﬂc /7»«70

=344[( 007 R)2+4)( 3.9 f)x7.48gal /N3 = L{/Q"ﬂ

pH Conductivity >Temperature, {F)
1.Well volume = /-‘/ gal. S8 187. 7 23.0
2.Well volume = 4.8 gal. 5.8 [T A&.3 =
3.Well volume = {2 gal. 5% 169 254 \
4.Weli volume = gal.
5. Well volume = gal.

Ground water sample
Sampling method - D:s?omﬂe 'T;'rﬁ/cm B ler

Sample Description

Field preservation - _3¢€e <-0 -~

Odor;

Color: M f< :}’ow\?O/C : C/fa./

Appearance:

Weather Conditions:

Alr Monitoring Equipment used: ONA

Reading: Breathing zone: g(epm

In Well: ' ppun

AT

PR Y / ey
[0) &) 9
s:m// (3,10 // US’;?’?

COMMENTS: _ Fewhols l;/




]
M“m

FIELD LOG BOOK SAMPLING DATA: A
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: G-ZM%/D- /747-’/«’4’/ WELL ID:_PDo - mmwo?
PROJECT NAME:_/AAF )™ Qir Sam:;a/:n;, LOCATION: PPo Yol
Date sampled;_ 8-{2- % Time start_{32° End /%5 Well secured upon arival? (/N
1. Casing Diameier (d) & inches+12= _o0.t% ft 1. Standing water (gal.) =__ /+/

2. Depth of water from T.0.C. /0. 93 ft 2, X 3 well volumes
3. Depth of well from T.0.C. /7. ft 3. = 3.3 gallons to purge
4. Feel of standing water (h) e 373 ft 4. Purging Method P&r-‘ffn/#.c Pw-—;”
CALCULATION:

Standing water volume =n[(d}2 +4]{h)

=314[( 01 f)2+4)( 3D ftyx7.48gal/#t3=_1 [/ gal

pH Conductivity Temperature, (F}
1.Welt volume = I gal. 6- 2 ST Hé. O
2. Well volume = 4.9 gal. 6.3 39 206.0
3.Well volume = 33 gal. v 2 3 e A3.5
4.Well volume = gal.
5.Well volume = gal.
Ground waler sample
Sampling method - _D:spesadle Tellrn Ba:ler Field preservation - _See € -0 ~ £

Sample Description

Qdor:

Color: m&ﬂajﬁ gm‘;)ﬂ/f (/'//!?V‘/

Appearance:

Weather Conditions:

Alr Monitoring Equipment used: ONA

Reading: Breathing zone: ¢rpfpm
in Well: PP / fo
T a) @ / 3
COMMENTS: _ Towhidd: !/J z AT 130 ; 1A [ 5t

|0 w mlﬂ‘lnj \"':r@ ~ A00 n,\’/m“r\




FIELD LOG BOOK SAMPLING DATA: M:E; /

GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: Gﬁmg{/ /;f/ﬂmf// WELL ID:_PDo - mwo®
PROJECT NAME_MUAF 135 Qtr Satfn 13 LOGATION:_PPo_Yergl
Date sampled: §-12-56 Time starll /5S¢0 End_/4rS. Well secured upon amival? (/N

1. Casing Diameter (d)___ &~ inches +12=_0.1% Al 1. Standing water {gal) = /-3

2, Depth of water from T.0.C. 3.0's ft 2. X ) well volumes

3. Depth of well from T.0.C. /64 ft 3. = 3.9 gallons to purge

4. Feet of standing water (h) 15{ ft 4, Purging Method P&r-‘yfa/f. < /Dw%
CALCULATION:

Standing water volume =n[(d)2 +4](h)

-
=334[( 01 f)2+4({#53  fi)x7.48¢al/t3=_/-D gal

pl:lJ " Conductivily Temperature, (F)

1.Well volume = 13 gal, 445 /0.9 26. 5
2.Well volume = b gal. g 5 163/ 6. 5 =
3.Well volume = ___3-9 gal. 5. [0 /63.5 26.9 (
4.Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampling method - 'Dls?ofaq{/f’ T;ﬂ/dh Ba:/oy’ Field preservation - Sce & o -
Sample Description

Odor:

Color: /////&?Lajd ff—*wu//( : d/ét/

Appearance:
Weather Conditions:
Air Monitoring Equipment used: ON A

Reading: Breathing zone: er/?lpm.

In Woell: PPy ~ o
F , / 3 e
COMMENTS: ‘f'wé:a/.'%?/ = AT (.9 o 0,52 P




FIELD LOG BOOK SAMPLING DATA: Mﬁg
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY;____ & Mé%/«?ﬁéwﬂr/ WELL ID_PDo - pwoeq
PROJECT NAME:_HAdF ) *% Qi Savtfing LOCATION: _PPo_Yerzd
Date sampled;_J*/% ~ 7 Time slart ’5/7/ End_ /559 Well secured upon amival? (/N

1. Casing Diameter (d) 2 inches+12= o.tF 1. Standing water {gal.} = 4-8

2. Depth of water from T.O.C. 8. 97 it 2. X ) well volumes

3. Depth of well from T.O.C. 37.35 ft 3. = 1Y f/ gallons to purge

4. Feet of standing water (h) 2831 ft 4. Purging Method _Per:stalllc P
CALCULATION: |

Standing water volume =n[(d)2 +4](h)

=314[( 0 1F f)2+4]( 2B n)x7.48gal/N3= 4% gal

pH Conduclivity Temperalture, (F)
1. Well volume = Y% gal. é ﬁ' 2 L' ] 25-' (f
2.Well volume = 9.(p gal. . 237 251+
3.Well volume = f"{‘/ gal. b-7# ARl 3.3
4.Well volume = gal.
5.Well volume = gal.

Ground water sample

Sampling method - DISPo:a,J/c’ T}ﬂ/,m Ba.‘/&f Field preservation -

Gee cc-0-ca

Sample Description

Odor:

Color: l/”/jzaj.)’ Wd’ C clear”

Appearance:

Weather Conditions:

Air Monitoring Equipment used: ON A

Reading: Breathing zone: Q{',D’pm

In Well: PPy / /A
&/

T @ (y
COMMENTS: "l/wr/).'a/e')[;/-': AVTU /3.74// /.U// 6.8%




'
&

FIELD LOG BOOK SAMPLING DATA: Motoad & 1idy -
GROUNDWATER MONITORING WELL WORK SHEET
SAMPLED BY: & Reoell /D ttoiot WELL ID:_7Do - mw (o
PROJECT NAME:_#Adf | Qtc Savplng LOCATION: _PRo_Yera
Date sampled;_{ /2~ 78 Time start_/6/9 aEnd //ﬂ/{ Well secured upon amival? (/N
1, Casing Diameter (d) 2~ Inches+12= o.tF fl 1. Slanding water (gal.) = 4. Z
2, Depth of water from T.0.C. ® 72 H 2, X 3 well volumes
3. Depth of well from T.0.C. 34 it 3. = 13.7- gallons to purge
4. Feet of standing water (h) A9.32 ft 4. Purging Method Per.‘:ﬁf;l.‘c Pw%’
CALCULATION:
Standing water volume =n{(d)2 +4](h)

=314 [( 01F f)2+4]|( IS 72 N)x748gal/t3=__  gal

pH Conductivily Temperaiure, (F)

1.Well volume = Y4 qal. bt 235 3.7
2 Well volume = ?-? gal. 6 A L! 205 7\L| C:I
3.Well volume = 13. 7 gal. . B 186 24, A
4 Well volume = gal.
5.Well volume = gal.

Ground water sample
Sampling method - D:S?o:wf{/e T;ﬂ/‘m Baiter Field preservation - Sce C-S-¢

Sample Description

Odor:
Color; //MMZW&’ 5Mgd/¢’: C les”
Appearance;

Weather Conditions:

Air Moniloring Equipment used: ONA

Reading: Breathing zone: lefpm

In Well: PRy o
0]

COMMENTS: ’/’:«r/é:a/.'y[;/ = AT U 83.9 // UH,|3 / .56




’
FIELD LOG BOOK SAMPLING DATA: Miﬁ
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: G. Qawgé///ﬂ /WM/ WELL ID:_FDo - pmw il
PROJECT NAME:_#44F 12~ Qir Sa—-«?ﬂfnae, LOCATION:_PPo_Yery
Date sampled:__ 8~ /2" 78  Time stan_/6> 2 End_/63° Well secured upon amval? (/N
g-12-98 g-11-78
1. Casing Diameter (d)___ 2~ inches+12=_0.1% fi 1, Standing water (gal) =___ Y%
2, Depth of water from T.0.C. 59/ ft 2. X 3 well volumes
3. Depth of well from T.0.C. 7.2~ ft 3. = /9. / gallons 1o purge
4, Feet of standing water (h) 28.27 it 4. Purging Method P&rfsfa/f.‘c /Dw-;a
CALCULATION:
Standing water volume =n[(d)2 +4](h)
S314[( 047 _f)2+4](_ 2827 nyx7.48gal/1t3=_4-§ qal
pH Conductivity Temperalure, (F)
1,Well volume = 4.8 gal. 3.7 2171 254
2, Well volume = 9.0 gal. F. ('/ 239 2Y4.6
3.Well volume = f‘{‘/ gal. 7.4 2% .0 9.0
4.Well volume = gal.
5.Well volume = gal,

Ground water sample
Sampling method - _D:sposudle Tellrn Ba:ler Fleld preservation - _ ) €& %o -~

Sample Description

Odor:
Color: VVIMZA/K" fﬁfm'ﬂ/é’ ; dféﬂ,/‘
Appearance:

Weather Conditions:

Air Monitoring Equipment used: ONA

Reading: Breathing zone: Q('p'_pm
In Well: pPRvn. /o
e " WAV
COMMENTS: _ Tewh it/ = AT HNI4/76.3 366

!
/?ng- C‘]Ao/ O‘ﬂ 0/4'(7/ \ feca?w,lic( £ /}4/[ p L‘;/
TLML-‘,/J!./ fedc/:yéj mv/g/, otos - 343 [1940 ~17.9
lépy: 15,01




FIELD LOG BOOK SAMPLING DATA:
GROUNDWATER MONITORING WELL, K WORK SHEET

SAMPLED BY: G-’RWZZ/,/)' //WM/

ME

Motcall & Eddy ;T

WELL ID:_FPDo - -1

PROJECT NAME:_MAAF

135 Qtr Sawplng

Date sampled: ‘3’/ 7!‘?’5

d
Time star |5 A0 end €30

LOCATION: PPo Yersd

Weii secured upon anival? YIN

OTHO N80

1. Casing Diameter (d) 2 inches+12=_o0.1%F ft 1. Standing water (gal.) =__ /¥
2. Depth of water from T.0.C. 7.05 ft 2. X 3 well volumes
3. Depth of well from T.0.C. 15,1z fl 3. Y. gallons 1o purge
4. Feet of standing water (h) y.07 ft 4, Purging Method Peffr tall.c /Du—-_/a
CALCULATION:
Standing water volume =n[(d)2 +4](h)

S344[(_01F f)2+4]( F.0F N)x748gal/t3= 1Y gal (ml)

pH Conductivity Temperalure, (F) R:;g

1.Well volume = 1Y gal. g1, 6,3 2H(
2. Well volume = A8 gal. /052 25.5 Y Lfo ,
3.Well volume = Y+ gal. {33 CTL.JIO 255 o M ;
4.Well volume = S.¢ gal. DH _TRE.267 160
5.Well volume = 0 gal. 136. € 21.0 ‘
Ground water sample_%.4 144.2 X35.7 i
Sampling method - D:s,poané’ 'ﬁvd/:m Ba:/w’ Fielgqpiiwaiion - Dew lg-f-é— r1o

Sample Description

Qdor:
Color: Wéfaj;' r,.,,,://e : /7/ Afrrn—
Appearance:
Weather Conditions:
Air Monitoring Equipment used: ONA
Reading: Breathing zone: ¢P’pm
In Well: V224248 Lf);’)
COMMENTS: _Tewholfo/ = X3D ~/Tee | HjJ (3@ 2.0 a3 4D
200 2.8 ba.5@ g4 15N
A0 1.2 H4¥uD A¥ _ [4%0: 3%
13%Q 5 G ofi 44 7001 2%

5935 %




L
FIELD LOG BOOK SAMPLING DATA: M:E
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY: & 2@0/{% /p t‘éwa,// WELL ID:_PDo - j-2o
PROJECT NAME:_HAdF ¥ Qe Sampln 2 LOGATION;_PPo_ Yo/
Date sampled: 11275 Time stal_ 0&10 End 0§20 Well secured upon arival? /N

1, Casing Diameter (d) 2~ inches+12=_0.1% ft 1. Standing water {gal.) = Q-Q«

2. Depth of water from T.0.C. &5 ft 2. X 3 well volumes

3. Depth of well from T.O.C. 2.\ b it 3. = b o gallons to purge

4. Feet of standing water (h) 13.03 ft 4. Purging Method Por:stallhc /7»-——70
CALCULATION:

Standing water volume =n[(d)2 +4](h)

=314[( 01F ft)2+4]( 4390 n)x7.48gal/t3=2-9- gal

pH Conductivity Temperature, (F)

1.Well volume = 2. gal. Xz 8o.5" e
2.Well volume = 4.qd gal. L. 3 70,0 24.9
3.Well volume = ("Lf’ gal. (/ > 66 . "/ 2y ¢
4. Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampting method - D:s?am{e Té#/cm B tey Fleld preservation - S’c:¢ <o -&
Sample Description

Odor:

Color: [M&?‘d/j 5"""")0/( ’ 6/54/

Appearance:
Weather Conditions:
Alr Monitoring Equipment used: _ON A4

Reading: Breathing zone: 4 ,Dfpm

in Well: PR o ® /3\

COMMENTS: x/wé:a/-‘:@/ = A TU 0.08 / 0.04 // o.1%




FIELD LOG BOOK SAMPLING DATA:

GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY:__ 6. Powetl (/D.Mmkw/
/'ﬁ; Qi Sam?ﬂﬁndg
Time start °82< End_of¥5

PROJECT NAME:__/HAAF
Date sampled; e 78

1. Casing Diameter {d) & inches + 12 = o1 ft
2. Depth of water from T.0.C. 3 Loty ft
3. Depth of well from T.0.C. 1&.93 fl

5.7 it

4, Feet of standing water (h)

CALCULATION:

Standing water volume =n[(d)2 +4](h)

Motcall & Eddy /
—

WELL ID:_PDo - 12!
LOCATION:_PPo  Years
Well secured upon amival? i@

1. Standing water (gal) =__ o G

2. X 3 well volumes

3= 1.7 gallons to purge

4. Purging Method _Peg:stallic Forp

=314[( 01 f)2+4)(4S.27F (t)x748gal/ft3= L (o gal

pH Conductivity Temperature, {F)
1.Well volume = 2. gal. 3.9 ’ 53| 252
2.Well volume = S gal. H.D 145, 4 25, | e
3.Well volume = 9.8 gal. Y,/ 1Y%, @ 25,1 {
4.Well volume = gal.
5.Well volume = gal.

Ground water sample
Sampling method - D:s;:amgf/e Téré/a'k B ley

Sample Description

Field preservation - _oc¢  <-O -«

Odor:
Color: Wﬂzdjf 5'.«».//( < e
Appearance:

Weather Conditions:

Alr Monitoring Equipment used: ON A4

Reading:

Breathing zone: Q,Dlpm

In Well: PPy

/
&Y
0,32

COMMENTS: _ Tewh s f;/ =

”/:/Tu. (Do.oq /?9\9\ //




.
B E

'
FIELD LOG BOOK SAMPLING DATA: Miﬁ
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY:__G. Rwd{/ D, /fmm/ WELL ID;_PDo - -7+
PROJECT NAME:_HAdE 1% Qie Sm;pﬁnf, LOGATION:_PRo_Yergd
Date sampled;_ Y- 1%~ 2 Time start_/20© End_#/0 Well secured upon amival? I
1. Casing Diameter {d) % inches+12=_o0.1% 1. Standing water {gal.} = 2/
2. Depth of water from T.0.C. ¥ 78 ft 2. X 3 well volumes
3. Depth ot well from T.0.C. 2159 ft 3. = by gallons to purge
4. Feet of standing water (h) 1232 ft 4. Purging Method Poy:stalll e Pw—/a
CALCULATION:
Standing water volume =nf(d)2 +4](h)
_344[( 0% _fl)2+4]( 1252 fyx7.48gal/ft3=_2-{ gal
pH Conduclivity Temperature, (F)

1.Well volume = 2.1 gal. H. 25 ¥%.3 AH 4
2,Well volume = 4.v gal. {35 Y. ' =Y L/
3.Well volume = (-3 gal. H.H g4.4 ZH,0
4.Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampling method - D:sgmmgf/e Téﬂ/.m Ba:/af Field preservation - Sce <-2-c
Sample Description

Odor:

Color: [M&?‘Zjﬁ 5‘@.‘//5 L cleay

Appearance:
Weather Conditions:
Air Monitoring Equipmeni used: ONA

Reading: Breathing zone: Q',.i?;ﬂm

In Well: PP

]

~ /
' ) @
COMMENTS: f/wb:a/-'l;/ = ~/Tuw  0.\4 / 0, 01///@0-69\




FIELD LOG BOOK SAMPLING DATA: m& /
GROUNDWATER MONITORING WELL WORK SHEET '

SAMPLED BY: f&dﬂ//D A/z/ww/ WELL ID:_PDo - 1-2%
PROJECT NAME:_#Adf ) * Qir Sa«,#n;, LOCATION:; _PPo_Yerl
Date sampled:_ &~ #- 58 Time star o755 End ()95"3/ Well secured upon amival? /N
1. Casing Diameter (d) 2 inches +12 = o.13F ft 1. Standing water (gal.) = 2. 7
2. Depth of water from T.0.C. 6. 35 fl 2. X 3 well volumes
3. Depth of well from T.O.C. 20.Lo it 3. = 7 gallons to purge
4. Feet of standing water (h) . v+ ft 4. Purging Method Pev:stelt.c /—)m-,ﬂ
CALCULATION:
Standing water volume =n[(d)2 +4](h)

S84 [( 00 _f)2+4]( 14" yx748gal/nd=2-Y gal

pH Conduclivity Temperalure, (F)

1.Well volume = ?‘/ gal. WA o AR
2.Well volume = 4.§ gal, /1 /1.9 26.3
3.Well volume = . gal. /2.6 L6, H (
4.Well volume = gal. .
5.Well volume = gal.
Ground waler sample
Sampling method - _D:sposadle Tello Ba:ter Field preservation - _ ©<<  C-o-

Sample Description

Odor:
Color: __Metuls 5M~/‘-’" cless
Appearance:

Weather Conditions:

Air Monitoring Equipment used: ON A

Reading: Breathing zone: Q'IPIpm
In Woell: PPN ,\ Py y
[N} G) / (}/ @
COMMENTS: _ T owhids 74/,/ = AT 0.3 / 025 /] 0.65




'
FIELD LOG BOOK SAMPLING DATA: M:E
GROUNDWATER MONITORING WELL WORK SHEET

SAMPLED BY:__ G, ?ng//} /f/ﬂzJM/ WELL ID;_PDo - -2/
PROJECT NAME:_/AAF |3~ Qtr 5a-~,;9ﬁn0e LOCATION;_PDo_ Yergd
Date sampled;__ & -// "~ 9 Time stal_/63S _End 1645 Well secured upon amival? (/N

1. Casing Diameter {d) 2 inches +12 = ot ft 1. Standing water (gal.} = 23

2. Depth of water from T.0.C. 97 ft 2. X 3 well volumes

3. Depth of well from T.0.C. 1843 ft 8.=_ 2.Y¥ gallons to purge

4. Feet of standing water (h) 9. (/g ft 4. Purging Method P&rff ﬁ/;l 4 Pw-ya
CALCULATION:

Slanding water volume =n{{d)2 +4](h)

-
2344 (( 01F _H2+a)( T n)x748ga /3= 25 gal

pH Conductivily Temperalure, {F)
1.Well volume = 9 gal. 5.1 33.19 2 L0
2.Well volume = 5.0 gal. 5.1 7.7 18
3.Well volume = ?-'g gal. 5.1 757. 9 2H. 6
4. Well volume = gal.
5.Well volume = gal.
Ground water sample
Sampling method - D:s?omJ/e Telirm Bailer Field preservation - Sce Co-c

Sample Description

Odor:
Color: //MM%/Z 504-//5 ’ c:/:ﬂ/
Appearance:

Weather Conditions:

Air Monitoring Equipment used: OV A

He-éding: Breathing zone: Q’gpm

In Well; PP

L

1 1)) ®
COMMENTS: Tw/):o/.'é/ = AT D15 _/®0.Ha’ ,/0'”




FIELD LOG BOOK SAMPLING DATA: Motcall 40y [
GROUNDWATER MONITORING WELL WORK SHEET '
SAMPLED BY:__ 6. hewell /P.//WN WELL ID:_PDo - 125"
PROJECT NAME_/MAAE 13— Qir Sawplue LOCATION:_PDe_Yery
7 -
Date sampled; 5% 78 Time stat_/0/0  End_[I25 Well secured upon amival? (/N
1. Casing Diameter (d) 2 inches+12= Lo.tr ft 1. Standing water (gal.) = 2.0
2. Depth of water from T.0.C. 9. Z‘/ ft 2. X 3 well volumes
3. Depth of well from T.0.C. Ql' ;Z? ft 3 = C.& gallons to purge
4. Feet of standing water (h) 12.05 f 4. Purging Method P&r?rﬁ/:l. ¢ Pw—/a
CALC‘)ULATION:
Standing water volume =n[(d)2 +4](h)
S344[(01F ft)2+4](/2.05 f)x748gal/N3= 4O gal
pH Conductivity Temperature, (F)

1.Well volume = A.0 gal. 5.5 103.4 237
2.Welt volume = 4.0 gal. 5.9 {oz.] 23.5
3.Well volume = l.0 gal, 5.8 102.Y4 23.7
4. Well volume = gal,
5.Weil volume = gal.
Ground water sample
Sampling method - DfS?aIM!/E —E’ﬂ/cm B ey Field preservation - Sce C-o-c
Sample Description

Odor:

Color: //M//fdaj j';“.//f : &W

Appearance:

Weather Conditions:

Air Monitoring Equipment used; ONA

Reading: Breathing zone: Q’epm
In Well: pour & / z
z
COMMENTS: 72«5:0/-'1{;/ = ~Te 823 / 136 // .5 ]




