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EXECUTIVE SUMMARY

CSX Transportation (CSXT) currently owns several adjoining properties west of
downtown Greenville, South Carolina. The properties consist of approximately 40 acres
along the floodplain of the Reedy River. Past activities on the properties include coal gas
production, railroad transportation, and landfilling. These activities, particularly coal
gasification processes, have contributed a variety of contaminants that have impacted soil
and groundwater in the area.

In 1994, at the direction of the South Carolina Department of Health and Environmental
Control (DHEC), CSXT began an investigation into the types and extent of contamination
on the CSXT properties. CSXT retained Applied Engineering and Science, Inc. (AES),
an Atlanta, Georgia engineering and environmental consulting firm, to proceed with the
investigation. This report describes AES’s Phase I and Phase II field activities, historical

research, interface with regulatory agencies, scientific literature review, and personal
interviews.

Mr. Robert Vaughn, owner of Vaughn Construction and Demolition Company in
Greenville, operated an unpermitted solid waste landfill on CSXT property from 1988 to
1992. Mr. Vaughn was advised in 1993 by DHEC that his filling activities were
improper. In February 1994 the U.S. Army Corps of Engineers notified CSXT that it
considered the property on which the fill was located to be wetlands and that the filling
operation was a violation of section 301 of the Clean Water Act. The Corps of Engineers
has deferred further action pending the environmental investigation required by DHEC.

AES completed Phase I of the investigation in February 1995 and submitted a report of
findings to DHEC in March 1995. During Phase I, no materials were discovered in the
landfill that could be directly connected to the contamination. Rather, Phase I confirmed
that the fill consisted of dirt, brick, concrete, and other construction debris.
Contamination from volatile and semi-volatile compounds (VOCs and SVOCs) was
discovered in soils and groundwater below the landfill materials and in the floodplain east
of the Reedy River. A substance that appeared to be coal tar was found in the floodplain
soils. A subsequent investigation into the historical activities of the area indicated that the
Duke Power Company operated a coal gasification plant at the corner of West Washington
Street and Bramlette Road during the 1940s and 1950s. Wastewater containing coal tar
was released from the west side of the plant. The wastewater flowed through a culvert
under Bramlette Road and dispersed into the floodplain. The heavy coal tar settled in low
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areas and eventually infiltrated the natural alluvial clays and sands, impacting local
groundwater quality.

Following submittal of the Phase I report, DHEC requested additional fieldwork on the
properties.  Phase I consisted of the installation of eight monitoring wells to assess
groundwater quality, an assessment of the extent of the coal tar in soil and groundwater,
and a site characterization.

The information gathered during Phase II of the investigation indicates that the
contaminants in soil and groundwater within the CSXT properties are the result of the
release of coal tar and coal tar laden wastewater from the former Duke Power coal
gasification plant. The VOC and SVOC compounds reported in the groundwater and soil
samples are common byproducts of coal gasification processes.

Coal tar was found saturating soils within the former Duke Power Company plant site (DP
Site) and in the floodplain west of the landfill. Soils saturated with coal tar on the DP
Site will continue to affect groundwater quality and air quality to a lesser extent.

Impacted groundwater was identified from the coal gasification plant west to the Reedy
River in a plume approximately 600 feet wide and 2,200 feet long. However, maximum
contaminant levels (MCLs) were exceeded by a single contaminant (benzene) in only three
of the eight wells. The groundwater plume appears to reach the Reedy River and may be
discharging to the river. However, a surface water sample collected downstream of the
contaminant plume contained no VOC or SVOC compounds. No downstream users of
Reedy River water were identified, and a well survey found no drinking water wells
within a 1/2 mile radius of the CSXT properties. No other contaminant pathways were
identified for contaminants to migrate off site.

Free product coal tar was discovered in the deepest well (20 feet) lying on top of a low-
permeability layer of saprolite. Because the free product coal tar in soil and groundwater
will continue to release volatile and semi-volatile compounds to groundwater, it is
recommended that the extent of free product in groundwater be delineated.

An underground storage tank (UST) and an industrial water supply well were reported to
have been used at the coal gasification plant. The disposition of the UST should be
determined. Geophysical methods may be used to determine whether the UST was
removed or remains in place. The well is listed as abandoned. The location and condition

of the well should be determined because it could provide a pathway for surface
contamination into the subsurface. '

i
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I. INTRODUCTION

CSX Transportation, Inc. holds title to several properties west of downtown Greenville,
South Carolina in the vicinity of Bramlette Road along the Reedy River. In 1994, at the
direction of the South Carolina Department of Health and Environmental Control (DHEC),
CSXT began an investigation into the types and extent of contamination on the properties.
CSXT retained Applied Engineering and Science, Inc. (AES), an Atlanta, Georgia
engineering and environmental consulting firm, to proceed with the investigation. This
report describes activities relative to the site investigation on CSXT properties including
Phase I and Phase 1l field activities, historical research, interface with regulatory agencies,

scientific literature review, and personal interviews.

A. Site Description and History

Figures and tables in this report are included in Appendix A. Figure 1 - Site Location
Map identifies the location of the property west of the City of Greenville, South Carolina.
This section of Greenville (known locally as City View) includes residences, small

businesses, schools, industries, and rail facilities.
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Figure 2 - Site Plan is a drawing of CSXT properties north and south of Bramlette Road
totalling approximately 40 acres. The properties are undeveloped except for the CSX

Railroad office which is situated on the south side of Bramlette Road at the Reedy River.

The triangular property north of Bramlette Road is bordered by Bramlette Road to the
south, West Washington Street to the east, and the CSX right-of-way containing the rail
lines to the west. Duke Power Company, the primary electric utility provider in South
Carolina, operated a coal gasification plant in the southeast comer of this property during
the 1940s and 1950s. This area is referred to as the DP Site in this document. West of
the DP Site, the property has been partially filled west to the rail lines and is overgrown
with kudzu and small trees. This area contains a ditch along Bramlette Road that
reportedly carried wastewater released from the coal gasification plant. This area is

referred to as the NB Site (North Bramlette) within this document.

South of Bramlette Road, a long, narrow piece of property extends south through
floodplain of the Reedy River. This property is bordered by the CSX ri ght-of-way to the
west, Greenville County School District property to the east; and Willard Street to the
south. The CSX railroad office, which is used for crew transfers and scheduling activities,

is located in the northwest corner of this property.
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An unpermitted landfill was operated by Vaughn Demolition and Construction Company
in the property south of Bramlette Road from 1988 to 1992. In 1988, Mr. Robert Vaughn
attempted to purchase approximately 16 acres of the property from CSXT for the purpose
of constructing a solid waste landfill. Following the payment of a deposit on the
purchase, Mr. Vaughn began landfilling activities on the Site. The property transfer was
never completed but unauthorized landfilling by Vaughn continued. This property is

referred to as the Vaughn Landfill Site in this document.

The CSXT properties north and south of Bramlette Road contain the DP Site, the NB

Site, and the Vaughn Landfill Site which were the focus of this investigation.

B. Project History

On August 24, 1994, DHEC notified CSXT by certified mail of the department’s
investigation of an unpermitted landfill on CSXT property in Greenville, South Carolina
(Vaughn Landfill Site). DHEC, along with the US Army Corps of Engineers, had visited
the site in early 1994 and noticed leachate and a black, sludge-like material at the base
of the landfill. According to the letter "The material was black with a strong petroleum
odor. A similar material has been observed by Department and Corps of Engineers
personnel during other site visits". Analysis of a sample collected during the site visit

I-3
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indicated that an impact to the environment had occurred. DHEC subsequently requested
a work plan from CSXT to assess vertical and horizontal impact to the environment in soil

and groundwater caused by the landfilling or other activities.

In October 1994, CSXT contacted AES and requested a workplan be prepared for the

assessment of vertical and horizontal impact to the environment at the site.

1. Phase I - A copy of the workplan for Phase I is included in Appendix B. The
workplan called for a series of borings to be installed in the landfill to collect soil
samples from native soils beneath the fill and groundwater samples from the
surficial aquifer. Sediment and surface water samples were also to be collected
from the floodplain surrounding the fill. A sample of the black sludge was to be
collected and analyzed. Equipment for the sample collection activities included a
Strataprobe push-type sampling rig, a trackhoe for excavating impenetrable

materials, and hand augers for floodplain sampling.

Approximately seven acres of floodplain of the Reedy River have been filled with
demolition debris and yard waste to a depth of up to 14 feet (the Vaughn Landfill).
Excavations through the fill and borings advanced through the fill into the

underlying native soils revealed the presence of a tar-like substance at the fill/soil

I-4
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interface. Additional hand auger samples collected in the surrounding floodplain

soils also contained tars.

Soil and groundwater samples were collected and sent to a laboratory for volatile
organic compound (VOC) and semi-volatile organic compound (SVOC) analysis.
Analysis of the samples indicated a band of contamination in soils trending
northeast to southwest through the fill. This band extends from the floodplain
northeast of the fill through the northern half of the fill material, through the
southwest corner of the fill, and into the floodplain southwest of the landfill.
. Groundwater was encountered at or below the native soil surface. Three
groundwater samples contained elevated levels of VOC and SVOC compounds.
According to several chemical reference materials, many of the volatile and semi-

volatile compounds reported in the samples are found in coal tars generated by coal

gasification processes.

Elevated levels of lead were revealed in soil samples throughout the site. Metals
levels in soil sample LF024, located in the west central section of the landfill, were

especially high relative to other samples collected.
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The report of Phase I findings was entitled Site Investigation; Soil, Sediment, and

Groundwater Sampling; Vaughn Landfill, CSX Real Property, AES, March 1993.

Recommendations made following the completion of Phase I included the

installation of at least six monitoring wells to assess groundwater quality,

excavation of sample location LF024 to investigate the cause of elevated metals

concentrations in soils, and the covering of the rear uncovered portion of the

landfill materials with clean soil fill.

2. Phase II - Following the review of the Phase I report, DHEC requested additional

)
2)

3)

4)
5)

6)

assessment of the CSXT properties including the following:

Determine the extent of the tar substance.
Determine the source of the tar substance.

Determine the vertical and horizontal extent of groundwater
contamination.

Determine pathways of contaminant migration to possible receptors.
Assess location LF024 for the source of heavy metals contamination.

Develop a site characterization including soils, geology, hydrology,
and hydrogeology.

AES prepared a workplan based on the information requested by DHEC and

submitted the workplan in August, 1995. DHEC approved the workplan in

-6
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November, 1995, Copics of the DHEC correspondence are included in Appendix

C. A copy of the Phase II workplan is included in Appendix D.

Three days prior to implementation of the workplan and the beginning of field
activities, CSXT and AES representatives met with DHEC personnel in Greenville
to discuss several issues regarding the site investigation. Those present at the
meeting on March 1, 1996 were Marshall Williams, Director Environmental Real
Estate Transactions, CSX/RPI; Dave Butler, Project Manager AES; Charles
Bristow, Hydrogeologist, DHEC Greenville; and Tom Knight, Manager
. Geohydrologic Section, DHEC Columbia. Several changes and additions to the

Phase II workplan resulted from this meeting that are summarized below:

1) DHEC requested that a second monitoring well screened in the upper
saturated unit be placed adjacent to MW-3D. MW-3D was scheduled
to be screened within the lower sand unit beneath the overlying clay.
DHEC suggested that additional information could be gained by
placing two wells side-by-side at separate intervals. Placement of the
other wells was approved with the understanding that the location of

MW-5 was dependent on the results of the coal tar delineation
sampling.

2) DHEC suggested that MW-4 be advanced by hand auger in the
floodplain east of the landfill to avoid disturbance of possible
wetland habitat with a full size drill rig.

3) DHEC requested that the groundwater samples collected from the
wells installed within the landfill be analyzed for sulfate as well as
¢® VOCs and SVOCs. |

.7
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4) DHEC suggested that a biological survey be conducted within the
floodplain areas affected by coal tar contamination to assess the
effects of contaminants on plant species number and diversity.

5) DHEC requested that the landfill be reseeded following completion
of grading activities to inhibit erosion of the landfill soils into the
surrounding floodplain.

CSXT and AES agreed to the above changes but requested additional time to

complete items 4 and 5 to allow for scheduling, performance and reporting. DHEC

concurred with this request.
. Implementation of the workplan began at the Greenville site on March 4, 1996.

This report summarizes the findings of the Phase II field activities including well

installations, groundwater sampling, site characterization, and a biological survey.

I-8
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II. SITE CHARACTERIZATION
A. Topography

The city of Greenville lies in the piedmont province of the southeastern United States.
The piedmont is characterized by rolling hills, uplands, and stream valleys which contain
narrow floodplains. The general flow pattern of streams is to the southeast. Greenville

county lies within the Santee River basin which includes several sub-basins such as the

Reedy River basin.

The CSXT properties border the Reedy River and lie, to a large extent, within the river’s
floodplain. The floodplain and potential wetlands (wetlands on the site have not been
Jormally delineated by the Corps of Engineers) are at an elevation of 285 feet above mean
sea level (msl). Local surface flow is toward the Reedy River. Much of the local

floodplain topography has been altered by human activities.
B. Geology and Hydrogeology

Bedrock west of Greenville consists of granite gneiss. Piedmont soils in the southeast
. commonly form from the deterioration of bedrock by chemical weathering. Saprolite is

1-1
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the term given to decomposed rock which has not been transported. Rock structures are
still visible in saprolite but the texture is similar to that of loose soil. The saprolite is then
eroded and deposited forming the alluvial soils along river floodplains. The soils vary

from fine to coarse depending on the depositional environment.

According to the Soil Survey of Greenville County, prepared by the Soil Conservation
Service of the USDA, soils underlying the CSXT properties include Cartecay, Chewacla,
and Cecil-Urban series types. Cartecay soils consist of alluvium on floodplains and are
usﬁally sandy loams. Chewacla soils are also found on floodplains and consist of the finer
deposits of silty clay loams. Chewacla soils are considered hydric which is one
characteristic of wetland environments. Cartecay and Chewacla soils are commonly
intermixed on floodplains as stream channels migrate and floodwaters rise and recede.
The floodplain soils surrounding the landfill south of Bramlette Road are a classic

example of this intermixing.

The thickness of the soils and saprolite overlying bedrock in the Greenville area has been
reported at an average of 58 feet. The report entitled Groundwater Resources of
Greenville County South Carolina, published in 1968 by the South Carolina State
Development Board, lists seven industrial wells within 1/4 mile of the CSXT properties.
All seven of the wells were reported as destroyed or abandoned. The wells were installed

-2
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with casings varying in length from 10 feet to 41 feet below the surface. Well casings
usually extend from the surface into bedrock to prohibit loose soils from entering the well,
so casing length can be an indicator of the thickness of unconsolidated materials. Bedrock
at the site is therefore expected to be within 40 feet of the surface. However, no borings
were advanced to bedrock during either phase of the investigation. Therefore, the actual

depth to bedrock is unknown.

One of the seven industrial wells was located at the Duke Power Site. The well was 298
feet deep in the fractured granite gneiss and yielded 50 gpm. The location of this well
and the method of abandonment shouid be determined to assess whether the well presents

a pathway for contaminant migration into the bedrock aquifer.

Near the Reedy River, the water table is close to or above land surface and is visible as
surface water south of Bramlette Road. Borings on the CSXT properties indicate the
water table to be within five feet of the natural surface. Because of the variation in soil
types across the properties from fine-grained clay to coarse grained sands, permeabilities
and hydraulic conductivity also vary. Wells installed during the investigation yielded
flows of at least 1 gallon per minute (gpm) during development and were not stressed.
Water levels were measured and compared to the surveyed top-of-casing elevations and

indicate a groundwater flow direction from northeast to southwest toward the Reedy

iI-3
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River. Well installations and the hydrogeology of the site are discussed in more detail in

Section V.

C. Surface Flow

During a day of heavy rains, AES personnel followed the paths of surface runoff over the
CSXT properties from the DP Site, west along Bramiette Road, through the Vaughn
Landfill Site and south through the floodplain to Willard Street and the Reedy River.
Figure 3 - Surface Flow is a diagram of the overall surface flow patterns as well as

localized surface flows and ponding in depressions. Photographs of surface flow patterns

are included in Appendix E.

1. DP Site - The grade of the surrounding area is generally to the southwest with
localized variations. Stormwater enters the DP Site from the upgradient direction
along West Washington Street and to a lesser degree, from the adjacent property
to the north (Suburban Propane). The two primary entry points appear to be at the

east gate and north of the cast gate approximately 43 feet south of the property

boundary.

[1-4



Phase II Site Investigation AES August 1996
CSX Transportation

RunofT at the east gate flows west and collects in a depression in the north central
portion of the site following heavy rainfall. Soils in this area of the site contain
a high proportion of coal tar and vegetation is sparse. Strataprobe and hand auger
sampling here revealed water saturated conditions in the upper 1 foot of soil.

Standing water in this area is probably common during the winter and early spring.

North of the east gate, runoff flows west from West Washington Street under the
fence and into a man-made ditch that carries surface flow toward the north central
sector of the site. The ditch contains trash and debris brought in with the
. stormwaters. Where the ditch ends, the flow spreads laterally and settles in
depressions or enters the larger ponded area in the unvegetated section. Because
of the site topography, there appears to be no exit from these depressed areas
except during exceptionally heavy rainfall at which time flow would be to the

southwest. Surface water eventually infiltrates the soil or evaporates.

Precipitation falling on the southeast and south central sectors flows west\southwest
and exits at the south gate onto Bramlette Road or settles in a depression near
MW-7. This depression also collects surface flow from the northwest sector. Soils
surrounding MW-7 contain coal tar but vegetation is present and odors are less
‘ apparent than in the northeast sector.  Precipitation falling on the extreme

I1-5
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southwest comer of the DP Site flows west off the site and enters Ditch 1 which

flows west along Bramlette Road.

2. NB Site - Ditch 1 to the west of the DP Site may be fed by a spring which
discharges groundwater from the DP Site and the filled area north of the ditch.
Water in the ditch flows west to a point approximately 340 feet from the DP Site
fence where the water appears to enter a culvert underneath Bramlette Road. The
culvert is not visible because of the overlying sediments and vegetation. Water is

visible discharging south of Bramlette Road as an upwelling in the floodplain.

3. Vaughn Landfili Site - Water discharging in the floodplain south of Bramlette Road
spreads south and collects behind the landfill which acts as a dam to the natural
flow. Surface flow from the higher elevations to the east also enters this area. A

narrow channel (Ditch 4) cut through the landfill allows the water to flow west.

Ditch 2 carries water south from the rail lines north of Bramliette Road into a
culvert beneath the road. The water then enters Ditch 3 which runs between the
landfill and the filled area which contains the CSX office. Flow from Ditch 3 then

enters the floodplain west of the landfiil joining the flow of Ditch 4.

‘b’
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The floodplain west of the landfill contains standing water for most of the year.
Water here is prevented from entering the Reedy River by the elevated
embankment which carries the north/south rail lines paralleling the river. However,
Ditch 5, which appears to be a man-made canal, directs water from the floodplain
south toward Willard Street. Just north of Willard Street, the ditch turns west and
passes underneath the railroad trestle where it discharges into the Reedy River.

This appears to be the only discharge point for surface flow from the CSXT

properties east of the Reedy River.
. D. Human Activities

Much of the floodplain along the Reedy River has been altered by human activities for
many years. Aerial photographs from the 1950s reveal tilled fields for crops along the
river. As time passed, industry replaced the crops. Much of the floodplain was filled in

the past to accommodate the construction of rail lines, mills, and residences.

The property north of Bramlette Road has been almost completely filled above the original
floodplain elevation during activities over the last 100 years. The southeast corner of this
property (DP Site} was the site of the Duke Power coal gasification plant which closed
. in 1959. A trucking company used the lot for parking trailers during the 1970s. The DP

I1-7
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Site is now vacant and access is controlled by a fence topped with barbed wire. North
of the coal gas plant, Texas Oil Company operated a petroleum bulking facility at the
same time as the coal gas plant operated. That site now contains Suburban Propane, a
propane tank storage facility. The remaining property has been filled but is otherwise

undeveloped.

South of Bramlette Road, the CSXT property is largely native floodplain and has only
recently received fill as the Vaughn landfill was constructed. Adjacent properties east of
the landfill were filled for construction of the Greenville Sanitation Commission building
and for residences along Temple Street and Walnut Street. A man-made canal (Ditch 5},
that may have been dug early this century following construction of the embankment that
carries the rail lines, drains the floodplain from north to south. The embankment
prevented the natural flow of surface water from the floodplain into the Reedy River and
the canal was apparently constructed to direct flow south to a culvert that intersects the
Reedy River at Willard Street. The filling of the property has been discontinued. No

other activities occur on the site except for the railroad related activities at the CSX office.

11-8
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E. Biological Survey

A biological survey was requested by DHEC following approval of the original workplan
for Phase II of the investigation. The purpose of the survey was to assess the effects of
coal tar contaminants on the diversity and number of plant species within the seasonally
flooded environment adjacent to the landfill. Soil samples previously collected by AES

provided the analytical data necessary to compare plant species diversity to the

concentrations of contaminants.

The survey was conducted by the Environmental Corporation of America (ECA) of
Alpharetta, Georgia. Five plots were selected within the floodplain west of the Vaughn
Landfill. Sample plots were chosen on the basis of soil sample data availability and the
similarity of environmental characteristics (sunlight exposure, water depth, water
temperature, and plant community structure} between the plots. The plots included

drainage channel habitat as well as floodplain habitat. Plant species within each plot were

identified and counted.

Following the collection of field data, a series of linear computer models were constructed
to determine positive or negative correlations between contaminant concentrations and
plant diversity. According to the ECA report, at a confidence level of 95%, no significant

I1-9
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negative correlations were found to exist between organic compounds in the soils and the
prevalence of plants in the sample plots. A positive correlation, however, was found
between some species and the presence of organic compounds where these plants were

more abundant in plots with contaminated soils.

A copy of the complete ECA report is included in Appendix F - Biological Survey.

iI-10
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III. EXTENT OF COAL TAR

This section describes the horizontal and vertical delineation of the coal tar extent in soils
within the DP Site, the NB Site, and the Vaughn Landfill Site. The effects of the coal

tar on groundwater are described in Section V.

A. Sample Locations, Sampling Protocol

Sample locations for Phase IT were chosen based on the results of the February 1995
Phase 1 site investigation and historical information related to the operations of the coal
gasification plant. Efforts were made to determine the vertical and horizontal extent of

the coal tar or other hydrocarbon substances in soils and groundwater.

Soil samples were collected using two methods. Push-type technology (Strataprobe) was
used wherever the locations were accessible by the four-wheel drive vehicle. Hand-
augers were used in less accessible overgrown areas within the DP Site or in the flooded
sections of the Vaughn Landfill Site. Continuous samples were collected beginning at
the surface until either coal tar was detected or saturated conditions were reached. The
depths, soil characteristics, and presence or absence of detectable coal tar were noted in

the field logbook. All sample locations were marked with an alpha-numeric designation
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and flagged stake. Downhole sample equipment was decontaminated between each hole.

Moving outward from obvious or known contamination, samples were collected and field
screened visually and by odor. If coal tar was clearly visible or coal tar odor was
detected, no sample was collected for laboratory analysis. Exceptions were several
samples which were analyzed to assess the concentrations of coal tar compounds within
heavily affected areas. If samples exhibited no detectable signs of coal tar or other
hydrocarbon, representative soils were placed in clean glass containers for shipment and
laboratory analysis to confirm the absence of coal tar substances. Photographs of the soil

sampling are included in Appendix E.

B. Duke Power Site

Delineation of the extent of coal tar began at the suspected source; the site of the former
Duke Power Company coal gasification plant. Figure 4 - Duke Power Site Plant Detail
is a diagram of the Duke Power Site based on the drawing provided by Duke Power that
indicates the former locations of plant buildings. A reconnaissance of the site revealed
large amounts of brick, metal, wood and other construction debris and several concrete
and brick foundations. Apparently, the coal gasification plant buildings were demolished

and partially buried on site following closure of the plant in 1959.
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Brush, small trees, and debris were cleared from several areas to allow access of sampling
equipment. The clearing revealed the presence of two heavily stained areas. Figure 5 -
Coal Tar Extent; Duke Power Site indicates the two heavily affected areas, the sample
locations, and the extent of coal tar. Table 1 on Figure 6 includes a summary of the

laboratory analytical results of cach sample collected.

The first affected area surrounds MW-7. Soils within a fifty-foot radius of the well are
discolored and exhibit a moderate coal tar odor. A split-spoon sample, labeled DPIA,
collected during the installation of the monitoring well, was analyzed for VOCs and
SVOCs. Laboratory results of DP1A indicated several volatile and semi-volatile
compounds including PAHSs associated with coal tar with concentrations up to 48,000
ug/kg. According to former employees of the coal gasification plant and the detail of the
plant provided by Duke Power Company, the relief holder and several tar wells were
located in the vicinity of MW-7. Wastewater which contained coal tars was released into

a drainage ditch west of this area.

As borings were installed by Strataprobe in an expanding radius from MW-7, soils
beneath the fill materials were found to contain varying amounts of coal tars from the
surface to the saturated zone. Laboratory analysis of sample DP9, collected west of the

gas holder foundation, revealed several PAHs with concentrations up to 22,000 ug/kg.
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Sample DP 14 was collected east of the gas holder foundation and ficld screened. No coal
tars were detected. Laboratory analysis of DP14 confirmed the absence of coal tar

compounds.

Other samples collected along the east side of the property also appeared free of coal tars
until the second heavily affected area was encountered beginning at the east gate. This
area covers approximately one acre extending west from the east gate and was notably
devoid of vegetation. The area is in a topographic depression where surface flow collects
and either evaporates or infiltrates the soil. Soils were dark with coal tar and exhibited
a strong coal tar odor. Two samples were collected in this area; DP17 was field screened
to assess soils close to the fence; and DP29 in the center of the affected area was analyzed
by the laboratory to determine the magnitude of coal tar compound concentrations. Coal
tar was detected in DP17 visually and by odor to a depth of 3 feet. DP29 was collected
by hand from surface soils. Laboratory analytical results of DP29 indicated several PAHs
with concentrations up to 72,000 ug/kg. According to the plant detail, a purifying box
and oil scrubber were located in this area. A reference on coal gasification plant
operations explains that purification of the coal gas involved the removal of toxic
substances such as hydrogen sulfide and cyanide. Cooling of the gases before scrubbing
resulted in the condensation of coal tars. It is assumed that coal tars were released into

the soils in this area during the cooling and scrubbing operations.
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Sev.eral samples were collected north of the heavily affected area including DP25, DP26,
DP27, and DP28. Field screening revealed no coal tar in these samples. Laboratory
analysis of DP26 and DP28 indicated benzene (7 ug/kg) and naphthalene (20 ug/kg) in
DP28 and trichlorocthene (94 ug/kg) in DP26. Benzene and napthalene are componenents
of coal tar. Because levels of compounds reported in these samples are relatively low, the
northern boundary of the coal tar extent (Figure 5) has been drawn along a line extending

through these sample locations.

Additional borings, field screening, and laboratory analysis of collected samples revealed
coal tar extending northwest from the heavily affected area in decreasing concentrations.
Samples DP23, DP21, and DP18 revealed no coal tars present and laboratory analysis

confirmed the absence of VOC and SVOC compounds.

As can be seen in Figure 5, the coal tar extends in a broad band across the DP Site. Two
heavily affected areas lie in the northeast and the southwest portions. Coal tar was found
in the soils throughout this band from the surface down to groundwater which ranged
from a few inches to six feet below the surface. Coal tar compounds include benzene,

toluene, ethylbenzene, xylenes, naphthalene, chrysene, pyrene, anthracene, and several

other PAHs.
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Notably absent from the analytical reports during Phase II were acetone and methylene
chloride, which were frequently reported in samples collected during Phase I of the site
investigation. As suggested by AES in the initial report following Phase I, it appears that
the presence of acetone and methylene chloride were caused by laboratory contamination,

not because of their actual presence in the soils.

During the clearing and soil sampling at the DP Site, a tanker truck and three petroleum
storage tanks were discovered. Photographs of the tanker truck and the storage tanks are
included in Appendix E. According to Mr. Gordon Brown, who supervised gas plant
operations in the 1940s and 1950s, no tanker truck was used on the site. He did not
remember any above-ground-storage tanks in use on site but did report the existence of
an underground storage tank toward the south side of the plant that held heating oil for

the plant (see Figure 4). He did not know whether the UST had been removed following

the closure of the plant.

The tanker truck body appears to have been on the site for some time. Before the area
was cleared by the loader for the site investigation, the truck was overgrown with brush
and small trees. The tanker is covered with what appears to be asphalt and may have

been used for road paving. The words "ASSOCIATED PETROLEUM CARRIERS,
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SPARTANBURG SC" are faintly visible on the side. The top of the tanker is open and

no liquids can be seen, at least in that section.

Two of the storage tanks are approximately the same size (600 gallons), and one is
slightly smaller and is crushed. All three tanks exhibited punctures and no liquids were

observed or odors noted. No identifying marks or plates could be found on the tanks.

C. NB Site

The ditch that carried wastewater from the coal gasification plant is still visible west of
the fence which surrounds the DP Site. The ditch has been designated Ditch 1 on Figure
6 - Coal Tar Extent in Soil. Figure 6 illustrates the extent of coal tar found in soils
over the entire CSXT property. Ditch 1 parallels Bramlette Road and enters a culvert
which lies beneath the road approximately 340 feet west of the DP Site. The culvert is
no longer visible because of the buildup of sediments and debris on both sides of the road.

However, water can be seen discharging south of Bramlette Road in the area directly

opposite a southward turn in the ditch.

Borings were advanced by Strataprobe north of Ditch 1 (NB1 and NB2) and south of the

ditch just west of the DP Site (NB3 and NB4). Hand-auger borings were advanced within
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the ditch along its length. As at the DP Site, no samples were collected for laboratory
analysis if coal tar was detected visually and/or by odor. The exception was at location
NB8 where a sample was analyzed in the laboratory to verify the presence and assess

concentrations of coal tar compounds. Sample locations are identified on Figure 6.

NB1 was advanced 8 feet west of the DP Site fence and 60 feet north of Ditch 1. Much
of this area has been filled since the coal gas plant closed in the late 1950s. The sample
was collected by split spoons in native soil at depths of 9-12 feet. No coal tar was visible
but a slight coal tar odor was detected in the gray silty clay. Laboratory analysis

confirmed the presence of coal tar compounds at concentrations up to 2,000 ug/kg.

NB2 was advanced along the north edge of the ditch approximately 200 feet west of the
DP Site fence. Repeated borings with the Strataprobe push rods produced very little or
no recovery of soils. Soils were extremely soft, wet clays or clean sand and exhibited no

coal tar or coal tar odor. Insufficient soils were recovered to collect a sample for

laboratory analysis.

NB3 was advanced 10 feet south of the ditch within 10 feet of the DP Site fence. Soils
from the surface to 3 feet were loamy silty clay and exhibited a slight coal tar odor. No

sample was collected for laboratory analysis.
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NB4 was advanced 25 feet south of NB3 toward Bramlette Road. Soils here also

contained slight amounts of coal tar and exhibited a coal tar odor.

Samples NB5 through NB9 were advanced by hand auger within and along the length of
Ditch 1 from west of the DP Site fence to the culvert at Bramlette Road. Coal tar was
identified by field screening in all samples. Sample NB8 was sent to the laboratory for
analysis to confirm the presence of coal tar compounds. Several coal tar compounds were
reported in NB8 including benzene (6,500 ug/kg), ethylbenzene (11,000 ug/kg), toluene
(17,000 ug/kg), xylenes (total; 32,000 ug/kg), anthracene (1,400,000 ug/kg) chrysene
(980,000 ug/kg), naphthalene (5,800,000 ug/kg), and pyrene (2,600,000 ug/kg). A
summary of all compounds reported in sample NB8 and other soil samples is included in
Table 1 - VOC and SVOC Compounds in Soil Samples which is included on Figure
6. Complete data summaries and laboratory analytical reports arc included in Appendix

G - Laboratory Analytical Reports.

The presence of coal tar substances in Ditch 1 supports the reports of former coal
gasification plant employees that the ditch received wastewater containing coal tar from
the back of the plant. According to the employees, wastewater was released to the ditch

daily over a twenty year period and possibly longer.
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D. Vaughn Landfill Site

The Vaughn Landfill lies south of Bramlette Road in a seasonally inundated floodplain
of the Reedy River. Most of the six-plus acre landfill lies on CSXT property but portions
extend over the eastern property boundary onto property owned by the Greenville County
School District. The discharge point for Ditch 1, which carried coal gasification plant
wastewater, is south of Bramlette Road on County property (see Section II-C; Surface
Flow). No investigation was conducted on properties not owned by CSXT. However,
sample WE001, collected in 1995 before a property survey was completed, indicated the

presence of coal tar compounds on County property east of the landfill.

Samples collected in 1995 below the fill materials and within the floodplain west of the
landfil] revealed the presence of coal tar compounds. Samples collected during Phase II
were planned to determine the extent of coal tar. Samples were collected by hand auger
in the seasonally flooded area west of the landfill. When coal tar was detected in the
soils, flags were placed at that location. Confirmatory samples were collected at WW10,
WWI11, and WW12 and were analyzed by a laboratory. WW13 was collected at a later
date to supplement data collected for the biological survey. Samples were analyzed for
VOCs and SVOCs. Coal tar compounds were reported in samples WW10, WWI1, and

WW13. No coal tar compounds or other contaminants were reported in WW12.
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Figure 6 indicates the extent of coal tar found during Phase II. It appears that as coal tar
contaminated wastewater entered the floodplain south of Bramlette Road, the wastewater
spread southwest across the floodplain. Aerial photographs of the area taken in the 1950s
during gas plant operations indicate the presence of two ponds approximately 700 feet
south of Bramlette Road at what is now the southwest corner of the Vaughn Landfill. The
ponds are now within the seasonally flooded area west of the landfill. Several samples
collected in the area of the ponds, including WW002 collected in 1995, revealed the
presence of coal tar in the soil, in some places in layers several inches thick. Much of the
coal tar entering the floodplain south of Bramlette probably flowed into the ponds and

settled at the bottom.

A man-made ditch (Ditch 5) is also visible in the aerial photographs extending from just
south of Bramlette Road, through the ponds, and to the south where the ditch turns to the
west toward the railroad trestle at Willard Street. The ditch still exists but is covered at
the northern end by the landfill. Sample WW11, collected in Ditch 5 at the south end
of the landfill, contained coal tar. Coal tar compounds were reported following laboratory
analysis of the sample. Sample WW 12 was collected in the ditch approximately 240 feet
south of WW11. No coal tar was observed in WW 12 and laboratory analysis indicated
no coal tar compounds present. An intermediate boring between WWI11 and WW12
contained visible coal tar. The ditch apparently drained the ponds as it does the floodplain
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today and coal tars were transported and deposited along the length of the ditch in

decreasing concentrations.

E. Coal Tar Extent Summary

Coal tar contamination in soils is present throughout much of the Duke Power Site from
the surface to the water table with two heavily affected areas in the northeast portion and
the southwest portion of the property. No coal tar was discovered in the southeast and
northwest corners of the site. The NB Site contained coal tar in Ditch 1 along its length
from the DP Site fence to the culvert which flows under Bramlette Road. A broad band
of coal tar extends across the Vaughn Landfill Site with it’s long axis oriented northeast
to southwest. A heavy accumulation of coal tar was detected within the floodplain in the

area of the former ponds west of the landfill. No coal tar was detected in soils south of

the band.
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IV. SOURCE OF THE COAL TAR

Duke Power Company operated a coal gasification plant at the corner of West Washington
Street and Bramlette Road for many years during the 1940s and 1950s. A diagram of the
former plant was provided to CSXT by Duke Power and the plant details are shown on
Figure 4. Two former employees of the plant, Mr. Gordon Brown, a superintendent, and
Mr. George Washington, a fireman, described during telephone interviews and a site walk
the locations of plant buildings and operations at the plant. They also described the

discharge of coal tar in a wastewater stream at the back of the plant.

Subsurface investigations at the site of the former plant (DP Site) revealed the presence
of extensive tars, ash, and discolored soils throughout much of the site. Photographs of
the affected areas are included in Appendix E. Push-type technology (Strataprobe) was
used to collect soil samples throughout the site as described in Section Iil. Coal tars were

found in an area as highlighted in Figure 3.

Several aerial photographs of the area west of the city of Greenville were obtained from
the US Agricultural Stabilization and Conservation Service (ASCS). These photographs
were taken over a period from 1951 to 1989 and include the properties which contained

the former coal gasification plant and the Vaughn Landfill. Photos taken during the 1950s
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show the coal gasification plant in operation. West of the plant along Bramlette Road and
east of the Reedy River and a railroad bridge, a small stream or ditch is visible which
appears to flow south underneath Bramlette Road and continue in a southerly direction
through the property on which the landfill now lies (Vaughn Landfill site). Investigation
of the extent of the coal tar indicated a westward path along Bramlette Road in a ditch
behind the plant. Flow from the ditch crossed Bramiette into the floodplain of the Reedy
River, spreading across the floodplain and settling in several low areas or ponds. A
survey of the landfill site done in 1989, which was provided to AES by Mr. Robert
Vaughn, also indicates the presence of this stream. If wastes from the coal gasification

plant were released to the environment, this stream could have provided a pathway for the

wastes to enter the landfill property.

It is evident from the extent of the coal tar, the location of the former coal gasification
plant, interviews with former employees of the plant, and acrial photographs that the
source of the coal tar is the former Duke Power coal gasification plant at the corner of

West Washington Street and Bramlette Road.
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V. EXTENT OF GROUNDWATER IMPACT

Eight monitoring wells were installed during Phase II to assess the impact to groundwater
quality from coal tar or other contaminants. The initial placement of six wells was
proposed in the workplan to assess groundwater quality in the upgradient and
downgradient directions from known coal tar soil deposits. Well locations were chosen
using the site topography and surface water flow directions as well as the location of the
Reedy River to determine local gradient. Following discussions with DHEC personnel in
a meeting in Greenville (meeting described in Section I} prior to implementation of the
approved workplan, a seventh well was added within the landfill adjacent to MW-3D to
assess the upper formation at that location. An eighth well was added at the Duke Power

Site to assess groundwater quality at the source of the coal tar.

Seven of the wells were to be screened in the surficial aquifer. One was to be installed
as a deep well screened in the sand unit below the upper clay formation or at thirty feet,
whichever was reached first. All wells were to be developed and groundwater samples

collected and analyzed for VOCs and SVOCs.
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A. Well Installations

Groundwater Protection, Inc. (GPI) of Pineville, North Carolina, a South Carolina certified
driller, was retained by AES to install seven of the eight monitoring wells at the site.
AES was to install MW-4 by hand auger as suggested by DHEC. AES and GPI reviewed
the proposed well locations, installation specifications, site parameters, the health and
safety plan, and the CSX Railroad safety guidelines for contractors operating on CSX

property. Drilling began on Monday, March 11, 1996.

Monitoring well locations are shown on Figure 7 - Extent of Groundwater
Contamination. Well construction diagrams and boring logs are included in Appendix

H - Well Construction Diagrams.

1. MW-7 - The location for MW-7 was based on the grade within the DP Site and the
presence of coal tar contamination in the soils at that location. A Strataprobe
boring at that location (DP1) had revealed coal tar in the soil from the surface to
the water table at approximately 6 feet. During the drilling of the weli, a split
spoon sample was collected at a depth of 5 to 7 feet to assess the concentrations
of coal tar compounds in the soils. The sample was labeled DP1A and sent to the

laboratory for analysis (see Section [II-B for analytical results).
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To use a full 10-foot screen while ensuring a tight seal at the surface of the well,
an 8-inch diameter borehole was advanced to 15 feet and the screen was placed
from 5 to 15 feet. Screen size was 2-inch diameter, 0.020" slot size PVC
construction. A seven foot PVC riser was added to the top of the screen to allow
2 feet of stickup above the surrounding ground surface. A 20 - 40 graded silica
sand pack was installed in the annular space up to 3 feet below the surface.
Bentonite pellets were poured above the sand pack in a 1 foot layer as a seal. A
bentonite/portland cement grout filled the remaining annular space to the surface
and a reinforced concrete pad 2 feet x 2 feet was constructed around the well. A
. protective steel enclosure with a locking swivel cap was set into the pad and the
well was labeled with an adhesive aluminum label inscribed with the well ID,
depth, water level and other construction details. The well was developed by GPI

using a Whale pump for 1 hour. Fifty gallons of groundwater were removed and

stored in a 55-gallon drum.

2. MW-1 - MW-1 was installed in the northeast corner of the Vaughn Landfill to
assess groundwater quality entering the CSXT property at that point. The landfill
materials were drilled through to a depth of 8 feet where split spoon sampling
commenced to assess native soils at that location. Silty clay was found beneath the

. fill material from 8 to 10 feet. Silty micaceous sand was found below 10 feet to
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the final well depth of 15 feet. Coal tar was not observed in the drill cuttings but

both the clay and the sands exhibited a strong coal tar odor.

Construction details for MW-1 are the same as for MW-7 with a 10-foot screen set
from 5 to 15 feet below the surface. The screened interval covers both the clay
and sand formations as well as 3 feet of the fill materials. The water level in MW-
1 was taken after 24 hours of stabilization and was measured at 7.12 feet below the

top of casing or approximately 5 feet below the landfill surface.

. 3. MW-2 - MW-2 was installed west of the landfill adjacent to the CSX office.
Augering proceeded through the soil fill to 5 feet where split spoon sampling
began. Silty clays were found from 5 to 11 feet. Silty sand was found from 11
to 15 feet. No coal tar or coal tar odor was detected. The well was set with the
screened interval from 5 to 15 feet. Other construction details are similar to those

for MW-1 and MW-7. The water level after 24 hours was found to be 10.3 feet

below the top of casing.

4. MW-3 - MW-3 was installed at the request of DHEC as a shallow well to
complement the deep well (MW-3D). Both MW-3 and MW-3D are located within
. the 1landfill north of the ditch which bisects the fill material. During construction
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of MW-3D, it was discovered that the clay layer below the fill extended to
approximately 15 feet where a siity sand was encountered. MW-3 was constructed
with the bottom of the screen set at 14 feet to remain within the clay. A 5-foot
screen was used which covered the interval from 9 to 14 feet. The sand pack filled
the annular space from 7 to 14 feet. A 2-foot bentonite seal reached from 5 to 7
feet and the cement/bentonite grout filled the remaining space to the surface. The

well was completed with a concrete pad and protective steel enclosure.

The water level after 24 hours was measured at 10.65 feet below the top of the

. casing.

5. MW-3D - MW-3D was installed as the deep well within the lower sand formation
which lies beneath the upper clay that covers most of the floodplain. After
augering through the fill material with 14-inch augers, continuous split spoon
samples were collected from 10 feet to 16 feet to determine the interface between
the clay and sand which was found at approximately 15 feet. Augering then
continued to 14.5 feet and an 8-inch PVC casing was set to seal off the upper
formation from the lower sand. Continuous split spoon samples were then
collected from 16 feet to 20 feet where the silty sand graded to a stiff saprolite.

. A 3-inch layer of coal tar was discovered in the split spoon sample from 16 to 18
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feet. The split spoon sample from 18 to 20 feet also contained coal tar in sandy
silt which graded to a stiff saprolite. The borehole was then drilled out with 8-inch
augers to 20 feet and a 5-foot screen was set from 15 to 20 feet. The sand pack
was installed from 15 to 20 feet and the bentonite seal was set from 13 to 15 feet.
A cement/bentonite grout was poured in the remaining annulus to the surface and
the well was completed with concrete pad and protective steel enclosure. The
water level 24 hours after development reached 10.55 feet below the top of the

casing.

. 0. MW-4 - DHEC suggested the installation of MW-4 by hand auger to avoid
disturbance of the floodplain with a full size drill rig. MW-4 was installed by hand
auger east of the landfill to a total depth of 7 feet. Soils from the surface to 1 foot
consisted of loamy clay. Remaining soils consisted of varying silts, sands, and
clays to 7 feet. No coal tar or coal tar odor was detected in the soils. The water
table was reached within 1 foot of the surface. A 5-foot PVC screen was installed
from 2 to 7 feet and a 5-foot PVC riser brought the casing to 3 feet above the
surface. A sand pack was set from | to 7 feet and a bentonite pellet seal was
placed in the remaining space to the surface. The well was developed by hand

using a disposable PVC bailer. Approximately 10 gallons of water were removed
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from the well. The water level was measured within 24 hours at 4.65 feet below

the top of the casing.

7. MW-5 - MW-5 was installed southwest of the landfill along the CSX right-of-way
which borders the landfill property. The drill rig first augered through the fill dirt
used to elevate the rail lines.  Split spooning began at approximately 5 feet.
Loamy clay was discovered from 5 to 9 feet followed by quartz mica sand to 14
feet. No coal tar or tar odor was detected in the soils. A 10-foot PVC screen was
set from 4 to 14 feet with a riser of 6 feet. The sand pack was set from 3 to 14

. feet followed by the bentonite pellet seal from 2 to 3 feet. A cementbentonite
grout filled the remaining annular space to the surface and the well was completed
with a concrete pad and protective steel enclosure. The well was developed for 1
hour 15 minutes using a Whale pump which removed approximately 40 gallons of
water. The development water was pumped into a 55-gallon drum which was
sealed and labeled. The water level 24 hours after development was measured at

9.48 feet below the top of the casing.

8. MW-6 - MW-6 was installed at the southwest end of the landfill through the fill
material. Eight feet of fill material were augered through and split spoon samples
. were collected to determine the stratigraphy from 8 to 12 feet. Soils beneath the
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fill material consisted of greenish black clay containing coal tar and a strong coal
tar odor. A 10 foot PVC screen was set from 2 to 12 feet. The sand pack was set
from 2 to 12 fect topped by a 1 foot thick bentonite seal and 1 foot of
cement/bentonite grout. The well was completed with a reinforced concrete pad
and protective steel enclosure. The well was developed with the Whale pump for
25 minutes and 30 gallons of water were pumped into a 55-gallon drum. After
allowing for stabilization, the water level was measured at 11.0 feet below the top

of the casing.

. 9. Derived Wastes - Well development water and drill cuttings were managed

according to guidelines set forth in the Monitoring Well Approval form received
from DHEC as a supplement to the Workplan Approval letter. Development water
and drill cuttings were placed in clean 55-gallon drums, labeled as to contents,

date, and potential hazards if any, and stored in a central location on the landfill

for eventual disposal.

B. Groundwater Sampling

1. Sampling Procedures - Sampling of the monitoring wells was conducted on March

. 13, 1996. The wells were sampled within 24 hours following development.
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Sampling was performed according to EPA protocol as specified in the Standard
Operating Procedures and Quality Assurance Manual, dated February 1991 and the

AES Field Operations Manual, dated May 1995.

Samples were labeled, placed in coolers, and shipped under chain-of-custody to
American Environmental Network (AEN), formerly ATI in Pensacola, Florida.

AEN is a CSXT approved and South Carolina DHEC certified laboratory.

2. Free Product - To determine whether free product was present in the wells, a

. Solinst Model 121 Interface Meter was lowered through the well casings and the
water levels and level of free product, if any, were logged. Wells MW-3, MW-3D,

and MW-6 exhibited strong coal tar odors during construction, development, and

sampling. However, only MW-3D was found to contain measurable free product.

Free product coal tar at the bottom of MW-3D was measured at 2.75 inches thick
2 weeks after construction of the well. A split spoon sample collected during
installation of the well revealed a distinct 3-inch layer of the coal tar in sandy soils
between 16 and 18 feet below the surface. A subsequent split spoon sample
collected from 18 to 20 feet was composed of sandy silt grading into saprolite
. (weathered rock). Sands in the second split spoon sample also contained coal tar
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but the saprolite appeared nearly dry and free of coal tar. From this evidence, it
appears that the coal tar is flowing through the sand unit along the top of the
impermeable saprolite, at least in the area of MW-3D. Ground surface at MW-3D
is the top of the landfill, which is approximately 11 feet thick at this location. This
means that the saprolite surface is approximately 7 to 9 feet below the natural land

surface.
C. Laboratory Analytical Results

. Groundwater samples were analyzed for VOCs (EPA method SW-846 8260) and SVOCs
(EPA method SW-846 8270 BN Extractables). Groundwater samples collected from the
three wells installed in the landfill (MW-3, MW-3D, and MW-6) were also analyzed for
sulfates as requested by DHEC. Sample results from the Phase I and Phase II
groundwater samples are summarized in Table 2 - Volatile and Semivolatile
Compounds in Groundwater Samples which is included on Figure 7. The table also
includes the Maximum Contaminant Levels (MCLs) for each compound listed in the
document Drinking Water Regulations and Health Advisories prepared by the U.S.
Environmental Protection Agency (EPA) published in May 1995. Copies of the complete

analytical reports are included in Appendix G - Laboratory Analytical Reports.
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In the descriptions that follow, the compound with the highest reported concentration has
that concentration in parentheses following the compound. Compounds that exceed the
Maximum Contaminant Levels (defined as the "Maximum permissible level of a

contaminant in water which is delivered to any user of a public water system" by the

USEPA, May 1995) are noted below.

1. MW-1 - Several semi-volatile compounds were reported in the groundwater sample
collected from MW-1 including acenapthene, fluorene, 2-methylnapthalene,
napthalene (4,600 ug/l), and phenanthrene. These compounds are commonly

associated with coal tar. None of the compounds reported exceeded MCLs.

2. MW-2 - No volatile or semi-volatile compounds were reported above laboratory

detection limits for groundwater sample MW-2.

3. MW.-3 - VOC compounds reported in groundwater sample MW-3 included benzene
(160 wug/l), ethylbenzene, styrene, toluene, 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, m,p-xylene, and o-xylene. SVOC compounds reported included
acenapthene, acenapthylene, fluorene, 2-methylnapthalene, napthalene (15,000 ug/l),
and phenanthrene. The concentration of benzene (160 ug/l) exceeded the MCL (5

ug/l). Sulfate was reported at 640 mg/l.
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4.

MW-3D - VOC compounds reported in sample MW-3D included benzene (1,100
ug/l), ethylbenzene, isopropyl benzene, styrene, toluene, 1,2,4-trimethylbenzene,
1,3,5-trimethylbenzene, m,p-xylene, and o-xylene. SVOC compounds reported
included 2-methylnapthalene and napthalene (8,300 ug/l). Benzene exceeded the

MCL. Sulfate was reported at 35 mg/l.

MW-4 - No VOC or SVOC compounds were reported above laboratory detection

limits for the groundwater sample collected from MW-4.

MW-5 - No VOC compounds were reported above laboratory detection limits for
the groundwater sample collected from MW-5. One SVOC compound was

reported; napthalene at 12 ug/l.

MW-6 - VOC compounds reported in sample MW-6 included toluene, 1,2,4-
trimethylbenzene, and m,p-xylene (10 ug/l). SVOC compounds reported included
acenapthene, acenapthylene, anthracene, dibenzofuran, fluoranthene, fluorene, 2-
methylnapthalene, naphthalene (1,800 ug/l), phenanthrene, and pyrene. No

compounds reported exceeded MCLs.  Sulfate was reported at 160 mg/l.
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8. MW-7 - Benzene (680 ug/l) was the only VOC compound reported in sample MW-
7. SVOC compounds reported included 2-methylnapthalene, and naphthalene

(1,900 ug/l). Benzene exceeded the MCL.

Concentrations of benzene exceeded the MCL in groundwater samples MW-3, MW-3D,
and MW-7. Groundwater samples LF023A, LF025A, and LF027A, collected during Phase
I, also contained benzene concentrations exceeding the MCL. The concentration of

benzo(a)pyrene exceeded the MCL (2 ug/l) in groundwater sample LF023A (10 ug/l).

D. Discussion

Analysis of groundwater samples collected from the monitoring wells indicates that
volatile and/or semi-volatile compounds have been detected in groundwater samples from
six of the eight wells. Samples from monitoring wells MW-1, MW-3, MW-3D, MW-5,
MW-6, and MW-7 contain VOC and/or SVOC compounds. The groundwater sample
from MW-5 contained naphthalene at 12 ug/l but no other compounds were reported
above detection limits in that well. Groundwater samples collected from monitoring wells

MW-2 and MW-4 contained no VOC or SVOC compounds above detection limits.
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Most of the compounds reported in the groundwater samples have been associated with
coal tar wastes. BTEX compounds and PAHs are the most common compounds found
in coal gasification plant residuals according to several sources referenced (see
bibliography). As coal tar infiltrates soils and reaches the water table, dissolution of the
tar begins and the individual compounds may be spread through the aquifer by advection
and/or diffusion. Advection means that the dissolved contaminants are carried along by
the movement of the groundwater through the aquifer matrix. Diffusion is the movement
of ionic or molecular constituents by kinetic activity. An example of diffusion is the
dispersion of dissolved salt (sodium and chloride ions) in a standing glass of water.
Volatile compounds that are less dense than water, such as benzene and toluene, may rise
to the surface of the water table, or become adsorbed to soil particles, or may rise through
the unsaturated zone to volatilize into the atmosphere. The more dense, non-aqueous
phase liquids (DNAPLs), which comprise the largest percentage of the coal tar, may
migrate downward by gravity until a low permeability surface (such as a bedrock surface)
is encountered. The coal tar may then follow this surface to pool in depressions or may
infiltrate fractures and continue to move downward. Table 3 - Physical Characteristics
of Constituents lists those compounds most frequently identified in the samples and their
physical characteristics including specific density. If the density of a substance is greater

than 1.00 g/ml (density of water) and the concentrations exceed solubility in water, the
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substance will sink. As is evident from the table, many of the compounds comprising the

coal tar are more dense than water.

A potentiometric surface map represents the gradient of hydraulic head in an aquifer.
Ideally, the wells used to determine the potentiometric surface should be screened within
similar lithologic units and at the same depth. The eight wells installed on CSXT
property are screened within 20 feet of the surface but are within or cross different
lithologic units. The native soils below the fill materials and within the floodplain vary
from dense clays to silty clay loams to sandy silts to sandy loams. These units vary in
thickness from a few inches to several feet. The interface between two units may be
abrupt, as in MW-3D where the dense clay changes to sand within a 6-inch interval. This
variation is representative of alluvial soils in floodplains and depressions as stream
channels have meandered across the floodplain over time depositing a range of sediments.
Delineating separate aquifer zones in alluvial deposits is a difficult process and is often
speculative. Units in a floodplain environment tend to be discontinuous and hydraulically
interconnected. Therefore, although hydraulic conductivity probably varies vertically and
horizontally from unit to unit, AES considers the saturated zone above the saprolite

surface to be one hydraulically connected unit for purposes of this investigation.
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As expected from the local topography, groundwater flows from northeast to southwest
toward the Reedy River. Water levels in the eight wells on CSXT property decrease in
elevation from northeast to southwest from MW-7 to the MW-5. The potentiometric
surface, represented by bold contour lines on Figure 7, was prepared from the results of
water level measurements taken with a Slope Indicator Company water level indicator
marked in 1/100th foot increments. Water levels were measured from the top of the well
casings. Casing elevations were surveyed in relation to a USGS datum at the Norfolk
Southern Rail bridge at West Washington Street. Elevations are reported in feet (to the

nearest hundredth foot) above mean sea level.

The estimated extent of horizontal groundwater contamination is represented on

Figure 7. The contaminant plume reaches from the DP Site southwest to the Reedy River
in a long narrow band. Usually following a release of contaminants, the highest
concentrations of individual compounds in a groundwater plume are found at the source
of the contamination, in this case the DP Site, and concentrations decrease downgradient.
Over time, the higher concentrations may be found downgradient as the contaminant
plume migrates in the direction of groundwater flow. Because much of the coal tar was
released in wastewater at the back of the coal gasification plant and apparently settled in
the floodplain south of Bramiette Road, much of the impact to groundwater has probably
occurred from coal tars within the floodplain. This may be the reason that the highest
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concentrations of groundwater contaminants were found in monitoring wells MW-3 and
MW-3D (Vaughn Landfill Site), while groundwater samples from MW-7 at the DP Site
contained lower concentrations. The migration rates of coal tar constituents that vary

because of differences in solubility and sorption characteristics may also affect

contaminant concentrations.

It is expected from the presence of naphthalene in MW-5 that the contaminant plume
reaches the Reedy River and may be discharging to the river. However, a water sample
collected in the river downstream of the plume contained no detectable concentrations of

contaminants.

Because free product was found in only one well (MW-3D), no estimate of the extent of

the free product layer has been shown.
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V1. LOCATION LF024

The workplan called for the excavation of landfill soils at location LF024 where a
Strataprobe sample collected in 1995 revealed elevated levels of heavy metals including
lead (1,538 mg/kg), barium (557 mg/kg), cadmium (40.4 mg/kg), and chromium (79.9

mg/kg).

During Phase II, location LF024 was excavated with a trackhoe to attempt to uncover the
source of heavy metal contamination. Excavated materials included soil, brick, concrete,
wood, and metal. Included with the metal were several lengths of piping such as that
connected to petroleum storage tanks, a crushed 55-gallon drum, and a small tank
(approximately volume 10 gallons). Photograph 34, Appendix E is a picture of the
excavated materials. The tank contained liquid which appeared to be primarily water with
a sheen and slight petroleum odor. A sample of the liquid was collected and laboratory
analyzed for VOCs. Sample results of G-Tank! included concentrations of chloroethane
(22 ug/l), 1,1-dichloroethane (15 ug/l), and xylenes (18 ug/l). These concentrations are
below regulatory limits and are inadequate to determine the contents of the tank.

Unsuccessful attempts were made to identify the purpose of the tank.

No definitive source of the metals contamination was found during the excavation. A soil
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sample collected from the base of the fill materials in native soil (at the same depth as the
1995 sample) was analyzed by the laboratory for RCRA metals. Concentrations of metals
reported included lead (21 mg/kg), barium (190 mg/kg), and chromium (42 mg/kg).
Sample results are included in Appendix G. These concentrations are consistent with
concentrations reported from other samples collected in 1995 and are comparable to
background metal concentrations of soils in the northwest piedmont of South Carolina.
The elevated metals levels reported in the 1995 sample may have been the result of an

isolated zone of metals contamination caused by the leaching of metals from debris in the

landfill.
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VII. CONTAMINANT PATHWAYS

Possible contaminant pathways considered for migration of the volatile and semi-volatile

compounds reported in soil and water samples included air, soil, and water.

A. Air

Volatilization of many of the coal tar compounds including benzene, toluene,
ethylbenzene, and xylenes may be still occurring even though the coal tars have been in
the soils for over 50 years. Following the disturbance of the soils at the Duke Power Site
during clearing for Phase 11, a coal tar odor was detected which was noticeable off the site
in the surrounding neighborhood. However, soil concentrations of VOCs are relatively

low (< 50 ppm) and the concentrations of VOCs in air are expected to be very low.

B. Water

VOCs and SVOCs were reported in groundwater samples collected from six monitoring

wells. As discussed in Section V, dissolution of the coal tar begins with its contact with

water. However, many of the coal tar compounds, particularly the PAHs, have low
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solubilities and enter the dissolved phase at a low rate. The volatile compounds with

higher solubilities enter the dissolved phase more rapidly.

Mobility of the coal tar and dissolved constituents varies between the DNAPLs and the
lighter volatile compounds. Because the coal tars pool in depressions at the bottom of
more permeable units, a smaller surface area of the coal tar is available for dissolution and
many of the lighter compounds are locked up with the more dense fraction. Once
individual compounds are released by the tar, they may adhere to the soil matrix by
adsorption. Research indicates that much of the contamination introduced to subsurface
systems is held by adsorption, especially in clays. Anacrobic conditions in a floodplain
environment inhibit natural attenuation of contaminants. This may explain why volatile
compounds are still found in the coal tar contaminated soils and groundwater after aging

for over 50 years.

1. Free Product - The extent of free product coal tar has not been delineated. Free
product was found in MW-3D between 18 and 20 feet at the overburden/saprolite

interface and is most likely following the top of the saprolite surface and collecting

in depressions.
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At this point, there is no evidence of the migration of the free product plume off
the CSXT properties. No free product was found in monitoring wells other than
MW-3D. Additional investigation is necessary to assess the extent of the free

product coal tar plume.

2. Groundwater - The VOC and SVOC compounds reported in groundwater samples
are compounds dissolved from the coal tar. The estimated extent of the
contaminant plume formed by these compounds is shown on Figure 7. Because
of the presence of naphthalene (12 ug/l) in MW-5, and the extent of coal tar found

. in the floodplain soils west of the landfill, the plume has been shown as reaching
the Reedy River. The discharge point of groundwater from the shallow saturated
zone within the CSXT properties is expected to be the river, therefore, it is likely
that contaminants in groundwater are discharging to the Reedy River. Again, no
VOC or SVOC compounds were reported in surface water sample Reedy 2,
collected downstream from the plume, but dilution of contaminants may be so great

at that point that detection is unlikely and water quality in the river is not affected.

3. Surface Water - Surface water may carry contaminants in solution downstream.

As described in Section IID - Surface Flow, precipitation falling on the CSXT
. properties eventually enters the floodplain east of the Reedy River and flows
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through Ditch 5 to enter the Reedy River at Willard Street. This is the only known
point of exit for surface flow from the CSXT properties. Sample FDI, collected
from surface water in the ditch before it turns west at Willard Street, was analyzed
for VOC and SVOC compounds. No compounds were detected by the laboratory.
Another sample (WD1) was collected from a smaller ditch which carries runoff
from Willard Street. This ditch enters Ditch 5 as it turns west. No VOC or SVOC
compounds were detected in WD although an oil sheen was visible on water in

the ditch. The sheen is probably from street runoff.

. C. Soil

Soil contaminated by coal tar was found to be areally extensive within the CSXT
properties. Soil contamination would also be expected to be found within the Greenville

County School District Property east of the Vaughn Landfill Site.

Coal tar is relatively heavy and migrates downward into soil pore spaces and other
openings. No free coal tar was observed at the surface at the DP Site but was found
saturating the soils at two locations. Migration of coal tar off the site may still occur as

the coal tar and related compounds enter groundwater and are transported downgradient.

VIii-4



Phase Il Site Investigation AES August 1996
CSX Transportation

Some dissolution of coal tar compounds may occur as surface water flows over the site

soils.

At the Vaughn Landfill Site, the coal tar in soils is either covered by the landfill materials
or is under water in the floodplain. Migration of the coal tar and related compounds is

by dissolution into surface water or groundwater and by gravity deeper into the soil

matrix.

There are currently no on-going earth disturbing activities on the CSXT properties that

would transport contaminated soil from the sites.
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VIIL. CONCLUSIONS AND RECOMMENDATIONS

The information gathered to date indicates that the contaminants in soil and groundwater
within the CSXT properties are the result of the release of coal tar and coal tar laden
wastewater from the former Duke Power coal gasification plant. Soils saturated with coal
tar on the DP Site represent a source of contaminants that may continue to affect

groundwater quality and air quality to a lesser extent.

Because the free product coal tar in soil and groundwater will continue to release volatile
and semi-volatile compounds to groundwater, it is recommended that the extent of free
product in groundwater be delineated. The free product coal tar may be following the
saprolite surface. The delineation of the saprolite surface by geophysical methods would
normally be recommended to assess the potential sites of free product pooling and
migration direction. However, the local topography, which includes extensive seasonally
flooded areas and heavy undergrowth, would inhibit the execution of a geophysical
survey. Split spoon samples collected in a grid by push-type technology such as a

Geoprobe may be the most effective method of delineating the free product plume.

The groundwater plume appears to reach the Reedy River and may be discharging to the

river. However, a surface water sample collected downstream of the contaminant plume
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contained no VOC or SVOC compounds. No downstream users of Reedy River water
were identified and a well survey found no drinking water wells within a 1/2 mile radius
of the CSXT properties. The contaminant plume does not appear to have moved off
CSXT property in the fifty years since the coal gas plant ceased operations, and there is
no evidence of impact to downstream users. Additional monitoring of groundwater

quality in the eight monitoring wells may be appropriate.

The underground storage tank (UST) and the industrial water supply well on the DP Site
may represent sources or pathways for contaminants. The disposition of the UST should
be determined. Geophysical methods may be used to determine whether the UST was
removed or remains in place. The well is listed as abandoned. The location and condition
of the well should be determined because it could provide a pathway for surface

contamination into the subsurface.

Materials in the Vaughn Landfill do not appear to contribute significantly to the
contamination at the site. The small tank found in location LF024 in the landfill

contained concentrations below regulatory limits of several compounds.

There is no evidence to suggest that activities conducted by CSXT have contributed to the

contamination on the properties.
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COAL TAR EXTENT IN SOIL
PHASE 1l INVESTIGATION

COMPOUNDS 1996 SAMPLES 1995 SAMPLES
DPiA | DP9 JDP14 [DP16 |DP18 [OP21 [ DP23] DP26 [DP28[DP29  [NB1 NB8 LF-024—2 | WW—10 | WW—11 | WwW--12 |Ww—13 | WEOO1 WE—002Z DDOO2 | WWOO1 | WWOO02| WS001|
BENZENE ND ND ND {ND |ND [ND D | ND 7 |ND ND 6500 ND ND ND ND ND 65 |ND |ND 16 12000{ ND
ETHYLBENZENE ND ND ND IND ND |ND |ND | ND ND | ND ND 11000 | ND ND ND ND ND 340 |[ND | ND ND 2600 | ND
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XYLENES (total) 1300 |ND ND [ND IND |ND |ND [ ND ND | ND ND 32000 | ND ND ND ND ND 360 [ ND | ND ND 26000} ND
c STYRENE ND ND ND |ND (N0 [nD [ND nD 34 [ND ND 4100 . [ND ND ND ND ND 60 ND |NO |ND [8300 | ND
1,2,4—TRIMETHYLBENZENE {nD ND ND [np [ND fND |ND | ND ND | ND ND 16000 | ND ND ND ND ND ND ND | ND ND NT ND
1,3,5—TRIMETHYLBENZENE {nD ND ND |ND [ND nD N0 fwp ND | ND ND 5400 ND ND ND ND ND ND |ND [ND |ND |NT ND
ACENAPTHENE 20000 | ND ND |ND |ND |ND IND |ND ND | ND ND 60000 | ND ND ND ND ND ND IND |ND |ND |ND ND
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BENZO(k) FLUORANTHENE |9600 {17000 {ND IND [ND [ND {nD | ND ND | 72000 | 630 700000 | ND 2300 | ND ND 36000 | ND ND ND ND NT ND
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PYRENE : 30000 {19000 [ND [ND [ND |ND ND | ND ND | ND 1700 {2600000 | 450 4000 |} 17000 | ND 73000 | 6300 | ND | ND ND NT ND
NAPTHALENE - J79000 |69 Inp |np | Mo | ND [ND INo |20 {210 | 5800000 | ND 130 {Np |ND No |4200 [ND [ND fnD |[NT | ND
CONCENTRATIONS REPORTED IN ug/kg
ND: NOT DETECTED ABOVE METHOD DETECTION LIMITS
NT: NOT TESTED FOR LISTED PARAMETER
VOC EPA METHOD SW-846 8260
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Table 3

Contaminant Characteristics
Phase II Site Investigation
Greenville, South Carolina

August 1996

Constituent Mo"léc'l_ll%lj. Weig'h_t' . " So‘l.u'b?i)lity in Water Specific Density
Acenaphthylene 152.20 3.93 mg/L at 25° C .8988 g/le at 16/2° C
Anthracene 178.24 7.5 E-2 mg/L at 15° C 1.283 g/mL at 25/4° C
Benzene 78.11 1,780 mg/L at 20° C 0.9625 g/mL at 100/4° C
Benzo(a)anthracene 228.30 1.4 E-2 mg/L at 25° C 1.274 g/mlL at 20/4° C
Benzo(a)pyrene 252.32 3.8 E-3 mg/LL at 25° C 1.351 g/mL
Benzo(b)fluoranthene 252.32 1.2 E-3 mg/L at 25° C No data
Benzo(k)fluoranthene 252.32 5.5 E-4 mg/L at 25° C No data
Chrysene 228.30 1.5 E-3 mg/L at 15° C 1.274 g/mL at 20/4° C
Ethylbenzene 106.17 140 mg/L at 15° C 0.8670 g/mL at 20/4° C
Ideno{1,2,3-cd)pyrene 276.34 6.2 E-2 mg/L No Data
2-Methylnaphthalene 142.20 24.6 mg/L at 25° C 1.0058 g/mL at 20/4° C
Naphthalene 128.18 30 mg/l. at 25° C 0.9625 g/mL at 100/4° C
Phenanthrene 178.24 1.6 mg/L at 15° C 0.9800 o/mL at 4/4° C
Pyrene 202.26 1.6 E-1 mg/L at 26° C 1.271 g/mL at 23/4° C
Styrene 104.15 300 mg/L at 20° C 0.9060 g/mL at 20/4° C
Toluene 92.14 515 mg/L at 20° C 0.8669 g/mL at 20/4° C
o-Xylene 106.17 152 mg/L at 20° C 0.8802 g/mlL at 20/4° C

Data was compiled from Groundwater Chemicals Desk Reference, Montgomery and Welkom, 1991,

Solubility in water is defined as the saturated concentration of the compound in water at a given temperature and pressure.

Specific density is the density of a substance at x°C with respect to water at 4°C. At 4°C the density of water is 1.000 g/mL.
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1. INTRODUCTION

On August 24, 1994, the South Carolina Department of Health and Environmental Control
(DHEC) notified CSX Transportation by certified mail of the departments investigation
of an unpermitted landfili on CSX property (the Site) in Greenville, South Carolina.
Figure 1 - Site Location Map, indicates the location of the Site west of the city of
Greenville. DHEC, along with the U.S. Army Corps of Engineers, visited the Site in
Spring, 1994; noticed leachate and a studge-like material at the base of the landfill and
in the surrounding wetlands, and collected a sample. Laboratory analysis of the sample
indicated that a hazardous constituent release to the environment had occurred. In a letter
to CSX dated August 24, 1994, DHEC requested a work plan from CSX to assess vertical
and horizontal impact to the environment in soil and groundwater from landfilling and

other activities on the property. A copy of the DHEC letter is included in Appendix A -

DHEC Letter to CSX.

A. Site Description

The Site is located on Bramlette Road approximately one (1) mile west of the city of
Greenville, South Carolina in Greenville County. CSX Transportation property includes
land on both sides of Bramlette Road, both sides of the Reedy River, and right-of-ways

which contain trackage. The landfill Site is contained on property south of Bramlette

I-1
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Road and east of the Reedy River. Figure 2 - Site Plan, is a copy of a Greenville
County tax map indicating the layout of the property which contains the landfill in relation

to the Reedy River and Bramiette Road.

This section of Greenville contains light industry, schools, and residences along with

several rail facilities and supporting trackage. CSX maintains a small office east of the

river.

B. Landfilling Activities

The CSX property off Bramiette Road has been used as a construction debris landfill for
at least six (6) years. According to Mr. Robert Vaughn, Vaughn Construction and
Demolition Company of Greenville has been the primary user of the landfill since 1987.
Some of the materials noted during a Site visit by AES include concrete, bricks, wood,
plastic, metals, roofing materials, insulation, and glass. Approximately seven (7) acres of
the Site have been filled with debris to an average depth of eight (8) feet. Access to the

Site is from Bramlette Road through a locked gate.

The fill area has been cut through by a ditch which allows water to flow from the wetland
on the east side of the landfill to the floodplain and into the Reedy River to the west.

This ditch is located approximately four hundred (400) fect from the entrance. A dint

I-2
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covered culvert across the ditch allows access to the back of the landfill. A large portion
of the landfill has been covered with a thin layer of soil to allow passage of dump trucks

to the rear where dumping continued until recently. The back one hundred (100) feet or

so of the fill area 1s uncovered.

C. Hydrogeology

The floodplain and adjoining wetlands (as delineated by the Corps of Engineers) south of
Bramlette Road and east of the river are at an elevation of 285 feet above mean sea level
(msl). The landfill covers approximately seven (7) acres on the property.

The Reedy River borders the property one hundred (100) feet to the west. Depth to
groundwater in the area of the Site is within ten (10) feet, as determined by monitoring
wells installed across the river on adjacent CSX property (described in AES report
"Monitoring Well Installations and Soils Investigation" submitted to DHEC in July, 1993).
Groundwater flow is expected to be toward the river in a southwesterly direction. Soils
in the area consist of Chewacla (Cv) well drained to poorly drained silty, clay loams and
a combination of Cartecay and Chewacla (Ca) sandy loam and silty clay. Both are
alluvium found in floodplains and are listed as hydric by the USDA Soil Conservation
Service (SCS). Copies of the soils map and the hydric soils list are included in Appendix
B - Soil Survey. Thicknesses of the soils are reported to average fifty four (54) feet

above the granite gneiss bedrock. The hydraulic and sorptive characteristics of these clay

I-3
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soils generally makes them poor conductors of groundwater; therefore, groundwater flow
and contaminant migration are normally slow. Hydraulic conductivity of these materials

typically ranges from 10~ to 107 cm/s and attenuation of contaminants is relatively high.
D. Well Survey

A well survey conducted by AES in 1992 during installation of the monitoring wells
referenced in the report in Section I-C above indicated that there were no registered
production wells (potable or industrial) within a 1/2 mile radius of the CSX property west
of the Reedy River. That property is less than one thousand (1,000) feet from the landfill
Site. Information _for this survey was provided by the South Carolina Water Resources
Commission, Greenville office, in a computer printout, and by the Commission report
entitled "Ground-Water Resources of Greenville County, South Carolina; Bulletin no. 38"

published in 1968. This information is included in Appendix C - Well Survey.

j-4
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II. PURPOSE, OBJECTIVES, AND SCOPE

In October, 1994 CSX Transportation, in response to the DHEC request, retained Applied
Engineering and Science, Inc. (AES) to prepare a workplan for the assessment of vertical
and horizontal impact to the environment from landfilling activities at the Bramlette Road

Site.

A. Purpose

The primary purpose of this investigation is to provide DHEC and Corps of Engineers
with an analytical data set from which decisions with regard to appropriate future actions,
if any, for the site can be based. The data set must be comprehensive and of defendable
quality so as to assess the current character of the material which has been placed on the
site. The initial phase of the investigation is addressed in this work plan and the data

collected during this initial phase will be used to:

1. Assess the character of the material

2. Identify the chemicals of concern for the site

3. Provide information on which decisions for the placement of monitoring wells

I1-1
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and/or additional material sampling needs can be made

B. Objectives

The objectives of the work to be performed are as follows:

« Assess surface water and sediment content in the wetland east of the fill area

» Assess the quality of the native soils and groundwater beneath the fill

« Collect representative samples of leachate on the perimeter of the fill

« Assess surface water and sediment content in the floodplain and wetlands west

of the fill area

» Identify surface pathways by which migration of material may enter the Reedy

River

« Identify and characterize possible sources of contamination within the fill

» Assess ficld and analytical data to determine additional information and/or

11-2
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sampling requirements
» Report findings and recommendations to CSX and DHEC
C. Scope
The scope of this investigation includes direct observation, surface water sampling,
sediment sampling, soil sampling, leachate collection, head space analysis, laboratory

analysis, data review and analysis, and report preparation. Details of the scope of work

for this investigation are given in Section Il of this workplan.

11-3



rememeTy ame iy P

ety

e

Fr Dy

=yt

[ ra] (edasy [ [ ]

III. CHEMICAL DATA ACQUISITION

A. Data Quality Objectives

To meet the primary objectives of the initial site investigation, AES plans to implement

a data quality objectives (DQQO) program that includes four categories of analytical

methods and data uses. The various categories within the DQO program are presented in
Table 1. This table identifies typical data uses and analytical levels. These levels range
from a basic field survey technique (EPA Level 1) used as an aid to the investigation
process to very comprehensive laboratory analysis (EPA Level IV), as might be required
for development of remedial alternatives or a risk assessment. This DQO program reflects

EPA’s DQO format as presented in Data Quality Objectives for Remedial Response

Activities, EPA 540/G-87/003A, March 1987.

The DQO program is based on integration of data use categories with a menu of analytical
levels that complement one another. Selective implementation of this program can benefit
the investigation process by providing quick turnaround of data with no loss of data
quality on critical samples. This method is used to accomplish the objectives of the
investigation by effective use of resources and manpower, and by channeling samples of

critical nature into.the analyses that are of suitable quality.

[1I-1
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AES will employ two independent analytical resources during the investigation. As
previously shown in Table I, those include ficld surveys (Level 1) and laboratory analysis

of samples at a DHEC approved analytical laboratory (Level IV).

1. Level I - Field Surveys - For Level I, field surveys, portable organic vapor
analyzers will be used to survey samples taken by the investigation team at the
time of collection. These real-time analyzers will be instruments such as HNu
Systems Model P1#101 and Foxboro’s Model 128 organic vapor analyzers. Data
from the sample surveys, along with pertinent data concerning the samples, will be
logged in the field log. The procedures for surveying samples collected for field
surveys will be EPA Method 3810, Standard Head Space Analysis, 3rd Edition,
November 1986. Data generated from the field monitoring will typically be used
to make decisions concerning the execution of the investigation, such as
approximating the relative degree of contamination to assist the investigation
activities or providing a general screening before laboratory analysis of the

collected sainples.

2. Level IV - Laboratory Analysis - The purpose of Level IV analysis is to broaden

the characterization of contaminants. Level IV analysis may be required to
document remediation of a given area or to obtain data suitable for risk assessment.

Samples collected during the investigation at the CSX/Vaughn Landfill site will

IH-2
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. require the level of completeness and quality offered by Level IV analysis.
Because the samples collected during this investigation will be used to identify and
characterize source materials and 1o make future decisions on chemicals of concern

at the site, all samples collected during this investigation will be analyzed under
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Level IV procedures. The table below presents an analytical suite of parameters

ey

typical of a Level IV analysis.

E Parameter Method

Volatile Organics EPA Method 8240/8260
Semi-Volatile Organics EPA Method 8270

Metals EPA Method 6010/7060/7471/7841

. Pesticides EPA Method 8080

Herbicides EPA Method 8150

R

B
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TABLE 1

SUMMARY OF ANALYTICAL LEVELS APPROPRIATE TO

DATA USES

DATA USES

ANALYTICAL LEVEL

TYPE OF ANALYSIS

LIMITATIONS

DATA QUALITY

Site characterization
monitoring during
implementation

Level |

Total organic/inorganic
vapor detection using
portable instruments

Field test kits

instruments respond to
naturally occurring
compounds

if instruments calibrated
and data interpreted
correctly, can provide
indication of contamination

Site characterization
evaluation of alternatives
engineering design
monitoring during
implementation

Level 11

Variety of organics by GC;
inorganics by AA; XRF

Tentative ID; analyte
specific

Detection limits vary from
low ppm to low ppb

Tentative ID

Techniques/instruments
limited mostly to volatiles,
metals

Dependent on QA/QC
steps employed

Data typically reported in
concentration ranges

Risk Assessment

site characterization
evaluation of alternatives
engineering design
monitoring during
implementation

Level III

Organics/inorganics using
EPA procedures other than
CLP, can be analyte
specific

RCRA characteristics tests

Tentative ID in some cases

Can provide data of same
quality as Level TV

Similar detection limits to
CLP

Less rigorous QA/QC

Risk Assessment

PRP determination
evaluation of altematives
engineering design

Level IV

TCL organic/inorganics by
GC/MS; AA; ICP

Low ppb detection limit

Tentative identification of
non-TCL parameters

Some time may be required
for validation of packages

Goal is data of known
quality via CLP

Rigorous QA\QC
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B. Contaminants of Concern

Sample analysis conducted by DHEC on a sample collected at the Site revealed the
presence of toluene at 3.04 mg/kg. Toluene is a petroleum derived organic constituent
and is toxic through exposure by inhalation, ingestion, or absorption. No other
compounds were identified in the sample. However, a representative of the U.S. Army
Corps of Engineers mentioned creosote as a possible contaminant. The Site Health and
Safety Plan will be written to address possible exposure to these contaminants and wiil

be updated if additional compounds are suspected or identified.

C. Sample Locations

Three separate areas have been designated for sample collection activities on the site.
Area 1 includes floodplain, wetlands, and woodlands east of the fill area and south of
Bramlette Road up to the adjoining property along Meadow Street. Area 2 includes the
actual fill material which covers approximately 6.6 acres and includes the drainage ditch
through the center of the fill. Area 3 includes the floodplain, wetlands, and woodlands
west of the fill, south of Bramlette Road, and east of the Reedy River. CSX property
extends south past the end of the landfill and into the woodland. The extent of

investigation to the south will be determined from field observations during site

operations.

I11-4
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Figure 3 - Sample Locations indicates the proposed sample locations for each area.
Sediment samples will be collected in the wetlands and floodplain surrounding the fill area
using a hand aug;:r, stainless steel spoon, or shelby tube, depending on conditions.
Surface water will be collected using a clean glass vessel. A Geoprobe systems truck-
mounted rig will be used to advance collection rods into the landfill to collect soil samples
at the fill/soil interface and groundwater samples at the water table. No monitoring well
installations are planned at this time. Data review of the samples collected by hand auger

and Geoprobe will provide a better indication of well placement.

Sample parameters include volatile organics (EPA Method 8240/8260), TAL metals (EPA
Method 6010, and pesticides/herbicides (EPA Methods 8080/8150). Table 2 - Sample
Designations indicates the sample designations, sample type (soil, water, sediment, etc.),

and the analytical parameters.

1. Area 1 - Wetlands east of the fill - a minimum of two sediment and two surface

water samples will be collected to assess the impact from possible dumping directly
in the area or from leachate migrating from the fill. A representative of the US
Army Corps of Engineers observed sludge-like material in the surface waters in the
area. Samples to be collected by AES will take into account any visible sludge-
like material during field operations. The locations noted on Figure 2 are

proposed and may vary depending on site conditions, access, and field observations.
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grarrm

[ A ~ L

PO s s gomen e o -
_\/" — —_——-tr - 44—t - 4t 4 :
— —tt+ — | ——t——t — - ~
/\___l-————+———-r—+—_——+———r—'—:——.n——w4-_+_~.~__;__; | .
SAMPLE_LOCATIONS ELEVATED
/ o LANDFILL RAIL
% X FLOODPLAIN
B (APPROXIMATE)
=
8
FLOODPLAIN 5
/ : z X :
(Fozy  LF032 X N 5
o WWO003 wwoo! — o
N T
\//’/x , , /// )
LFO31 /. S LSS AL L L
* . . L o ° * [ 024 0
LFO30 LFO29 LFO28 LFC27 LFO26 LFO25 L LFO23
NQ
COVER SOIL
COVER ’, . .
* y > e : ° LFO15 LFO14 LFO13
LFO32 1 Foot LFO20 LFO19 LFO18 LFO17 LFO18
LANDFILL
LFOO7 LFOO6 oLF095  ro0s
° . . . . o S _
LFO12 LFO11 LFO10 LFOO09 LFOO08 /777_777;{<W7/ S , S
. _ DRAINAGE
DITCH
LFo0z  LFOOT / ! -
LFOO3 ® . / e WEGO
WE002 X
9 < CONDITIONS 5 FIGURE 3
OATE
SCALE 4" = 100" : OCT. 1994
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TABLE 2
SAMPLE DESIGNATIONS
CSX\VAUGHN LANDFILL

GREENVILLE, SC
AES, October 1994
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WE001' Surface water/sediment* 8240/8260, 6010, 8080/8150
WEQ02 Surface water/sediment® 8240/8260, 6010, 8080/8150
WWwW001? Surface water/sediment* 8240/8260, 6010, 8080/8150
WW002 Surface water/sediment* 8240/8260, 6010, 8080/8150
WW003 Surface water/sediment* 8240/8260, 6010, 8080/8150
LF001° Soils/groundwater 8240/8260, 6010, 8080/8150
LF002 Soils/groundwater 8240/8260, 6010, 8080/8150

LF003 Soils/groundwater 8240/8260, 6010, 8080/8150

LF004 Soils/groundwater 8240/8260, 6010, 8080/8150

LF005 Soils/groundwater 8240/8260, 6010, 8080/8150

LF006 Soils/groundwater 8240/8260, 6010, 8080/8150

LF007 Soils/groundwater 8240/8260, 6010, 8080/8150

B LF008 Soils/groundwater 8240/8260, 6010, 8080/8150
: LF009 Soils/groundwater 8240/8260, 6010, 8080/8150
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TABLE 2
SAMPLE DESIGNATIONS
CSX\VAUGHN LANDFILL

GREENVILLE, SC
AES, October 1994

e als L S B ™

LFO10 Soils/groundwater 8240/8260, 6010, 8080/8150
LFOI1 Soils/groundwater 8240/8260, 6010, 8080/8150
LF0i2 Soils/groundwater 8240/8260, 6010, 8080/8150
LF013 Soils/groundwater 8240/8260, 6010, 8080/8150
LF014 Soils/groundwater 8240/8260, 6010, 8080/8150
LF015 Soils/groundwater 8240/8260, 6010, 8080/8150
LF016 Soils/groundwater 8240/8260, 6010, 8080/8150
LFO017 Soils/groundwater 8240/8260, 6010, 8080/8150
LF018 Soils/groundwater 8240/8260, 6010, 8080/8150
LF019 Soils/groundwater 8240/8260, 6010, 8080/8150
LF020 Soils/groundwater 8240/8260, 6010, 8080/8150
LF021 Soils/groundwater 8240/8260, 6010, 8080/8150
B LF022 Soils/groundwater 824078260, 6010, 8080/8150
LF023 Soils/groundwater 8240/8260, 6010, 8080/81350
E LF024 Soils/groundwater 8240/8260, 6010, 8080/8150

e e
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TABLE 2
SAMPLE DESIGNATIONS
CSX\WVAUGHN LANDFILL

GREENVILLE, SC
AES, October 1994

LF025 Soils/groundwater 8240/8260, 6010, 8080/8150
LF026 Soils/groundwater 8240/8260, 6010, 8080/8150
LF027 Soils/groundwater 8240/8260, 6010, 8080/8150
LF028 Soils/groundwater 8240/8260, 6010, 8080/8150
LF029 Soils/groundwater 8240/8260, 6010, 8080/8150
LF030 Soils/groundwater 8240/8260, 6010, 8080/8150
LF031] Soils/groundwater 8240/8260, 6010, 8080/8150
LF032 Soils/groundwater 8240/8260, 6010, 8080/8150
LF033 Soils/groundwater | 8240/8260, 6010, 8080/8150

* Sludge/leachate may also be collected if observed (same parameters apply)

1. WE - Wetland East
2. WW - Wetland West

3. LF - Landfill
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Area 2 - Landfill - Sample locations in the fill area have been proposed on a grid

which is shown in Figure 2. The grid will be laid out across the fill area prior to
sample collection. Thirty three sample locations are shown on the grid. The actual
number of samples may vary according to site conditions and accessibility but
coliection of thirty samples is anticipated. This sampling plan is aimed at
providing the best coverage to attempt to locate any hot spots within the fill and

to provide data for additional sample collection at a later date.

A Geoprobe unit will advance collection rods through the fill material, identify the
fill/native soil interface, and collect a soil sample from native soils at the natural
surface. Following soil collection, the rods will be advanced to groundwater.
Approximate depth to the water table will be determined and noted in the field
book. Samples will be collected using a peristaltic pump, placed in precleaned
sample containers with appropriate preservatives, and labeled. Appendix D -

Geoprobe is a summary of Geoprobe system capabilities.

AES anticipates that advancing the Geoprobe through the fill material may be
extremely difficult due to the amount of large construction type material involved.
The grid will be used as a basis for sampling locations but actual sampling points
may vary. The final boring locations will be noted on a revised site drawing in

relation to a fixed surveyed datum point which will be installed before sampling

[11-6
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activities begin.

Area 3 - Wetlands, floodplain west of the fill - DHEC detected leachate from the

fill and a sludge-like material in this area and collected a sample which revealed
the presence of toluene at 3.04 mg/kg. A minimum of three sediment and three
surface water samples will be collected in this area. A leachate sample will be
collected and a full suite of analyses run to confirm the presence of toluene and to
identify other contaminants present. The analytical results will be reviewed to

assess impact to wetland soils and surface waters which enter the Reedy River.

D. Sampling Procedures

Quality Control - This section provides a discussion of the procedures to be utilized
for all the sampling that is to be completed during this preliminary investigation
at the CSX Vaughn Landfill. The methods to be utilized in collecting the samples

for this study will strictly adhere to the EPA Region IV Standard Operating

Procedures and Quality Assurance Manual, April, 1986. The standard operating
procedures utilized by AES personnel in all sampling activities follow a
standardized QA/QC procedure. The procedures are documented in the AES Field

Quality Assurance/Quality Control Procedures Manual (QA/QP).

[11-7
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Groundwater, surface water, sediment and soil samples will be collected. The
purpose of collecting surface water, sediment and subsurface soil samples is to
prepare a basis for additional sample collection and to compare future analytical
results. In addition to utilizing standard operating procedures, other means will
be utilized to reduce variability in sampling and handling procedures.  The
sampling containers will be precleaned prior to use. Shipping blanks will detect
problems associated with the handling and shipment of samples. Shipping blanks
will be included with sample containers provided by the DHEC certified laboratory
chosen to perform sample analyses. Field blanks will be used to monitor
decontamination techniques. Field blanks will be obtained by running analyte free
deionized water through sample collection equipment after decontamination has
been completed (Geoprobe rods and hand auger buckets). Field blanks will be

collected at a rate of one (1) per sampling day.

The samples will be shipped to the laboratory at the end of each sample day. At
that point, the sample will remain in the custody of the laboratory until final
disposal of the samples. The laboratory will be given the responsibility of final

disposal of the samples.

Documentation - An integral part of the sampling effort will be the documentation

of all field operations. The documentatior: process will include completion of

111-8



sample labels, ficld logbook and chain of custody forms. Immediately after

collecting a sample, a completed sample label will be affixed to the same container.

3 The label will contain the following information:
E . Sample identification number
[ - AES Job Number
E + Name of Sample collected
» Date and time of collection
E » Project location
f- * Preservatives used (if any)
: +» Parameters requested
E A logbook will be maintained by sampling personnel to document field activities.

The fdllowing information will be documented in the field logbook:

pavreany

» Persons present onsite, their title and affiliation

ST Gromm iy

» Date of each day onsite
+ The times on and offsite
» The time each sample is collected or other significant events occur

» The daily weather conditions and approximate temperatures

» All equipment (o be used during field activities and their decontamination

[1-9
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procedures (if applicable)

« Any comments, observations, discrepancies or changes in sampling
procedures

» Groundwater levels, method of measurement and where the measurement
1s taken, (approximate for Geoprobe sampling)

« The type of sample collected, (groundwater, soil) whether it is a grab or
composite sample

*» Appearance, odor, pH, and the temperature (if required) of the sample
A- The number and type of sample containers to be used

+ The number of bails to be used to collect each water sample

+ All data related to the calibration of field equipment

» Sample preservatives to be used, type of packaging, where the samples are

to be sent

A chain-of custody form will be completed for each set of samples collected in
order to document sample possession from the time the samples are sent to the
analytical laboratory.  All samples will be transported to the laboratory by

overnight courier the same day they are collected.

I11-10
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E. Sample Designation

Figure 3 indicates the location and designations of thiry eight (38) proposed sampling
points. AES proposes collecting two samples in the wetland east of the fill, thirty three
samples within the fill, and three samples in the floodplain west of the fill. As explained
in Section III-C above, the number and actual locations of samples collected may vary
depending on site conditions, obstructions, and location of any suspected contaminants
noted duning field observations. The exact location of sampling points will be
documented using a reference point, in this case the surveyed datum point tied to a USGS

bench mark. Samples will be designated as follows:

WEQO1 - Samples designated with the alpha prefix WE (wetland east) will be those

collected within the wetlands or adjoining areas east of the fill. A sequential
numeric code will also be assigned to each sample and appropriately recorded on
all field documentation. A minimum of two sediment and two surface water

samples shall be collected from this area.
LEOOI - Samples collected below the fill material at the fill/native soil interface

shall be designated with the alpha prefix LF (landfill) and sequentially numbered.

A minimum of thirty samples shall be collected in the fill material.

II-11
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WWO001 - Samples collected in the wetlands, floodplain, or adjoining areas west
of the fill shall be designated with the alpha prefix WW (wetland west) and
sequentially numbered. A minimum of three samples shall be collected in this

arca.

F. Decontamination Procedures

Before sampling activities begin, and between sampling intervals and locations,
decontamination of equipment shall be performed. A temporary decontamination area will
be constructed using 4" x 4" timbers and 6-mil visqueen at the north end of the landfill
off Bramlette Road. All downhole and sample collection equipment shall be cleaned
using laboratory-grade detergent and potable water. Isopropanol and 1% dilute
hydrochloric acid will follow and precede deionized water rinses. A field blank will be
collected at least once per day from rinseate of deionized water from selected equipment.
Wash water collected in the decon arca will be pumped into drums and labeled for proper

disposal.

All personnel handling downhole equipment, sampling tools, or sample bottles will be

required to wear disposable viny! or latex gloves.

111-12
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IV. REPORT PREPARATION

A report will be I-Jrepared and submitted to DHEC following receipt and analysis of
laboratory data. The report will include details of all field activities, record reviews,
sample collection, and sample data results. Tables and graphics will be submitted which
indicate the types and extent of contaminants found during the ficld investigation.
Recommendations will be presented for additional sampling or remediation of affected

soils or groundwater.

V-1



V. SCHEDULE OF EVENTS

Following DHEC approval of the workplan, field activities will proceed withir ten (10)
working days. Field operations are expected to take approximately one (1) week.

Laboratory results are expected to be received within two (2) weeks of sample submittal.
Bgcause of the large number of samples to be collected and data to be reviewed, AES
expects thirty (30) days will be required to prepare and submit a report to DHEC. Total
time between the initiation of field activities and submittal of the report to DHEC is
projected to be seven (7) weeks. Factors affecting this schedule include unforseen field

conditions and/or additional sampling requirements which involve a return to the Site.
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e South Carolina me———— fnmmivioner Douglas .. yaat
Board: Joho H. Bumisy, Chairman Willism E. Applcgare, [T
Richard E. Jabbour, DDS, Vice Chairman Toney G, i1, MD
Robore ). Saipling, Jr. Secrcuary Sandra J. Malander
John B. Pawe. MD
Departmont of Health and Emvironmental Control

Proemating chhh;-{‘roucﬁnﬂ the Environment

August 24. 1994

CERTTFIED MAIL P 705 309 554
NETUNN NROBIDMT NnOQuUUOTIOD

Mr. Marshall Willianms

CSX Rallroad

6737 Southpoint Drive South
Jacksonville, FIL. 32216

Re: Bramlette Rd. Property
Greenville County

Dear Mr. Williams:

In conjunction with the U5 Army Corps ot

Engineers, this
office has been

investlgatling property owned by CSX Railroad on
which an unpermitted construction and demolition landfill has been

operated. The property is located adjacent to the Reedy River ncar
Greenville, SC.

. During a gite wviclt on April 19, 10904, Department peraanncel
observed leachate entering a dralnage ditch/ small creek at the
slte {see attached location map). The leachate was black and had
a hydrogen sulfide odor. On Hay 3. 1994 Department personnel
collected a sample of the leachate to be analyzed for volatile
organic compounds and base/neutral acid extractables.
detected in the sample AL a cnneentrartian af 1 Nd mg/kg
please find the analytical results.

Toluene was
Atrarhaerd

During a aite visit on May 31, 1994, Department and Corps of
Engineers personnel observed a sludge-1like material in the wetlands
area located between the landfill and the railrovad tracks. The
material was black wirh a strong petroleum odor. A naimiia:

material has been observed by Department and Corps of Engincers
personnel during other site visits.

Bascd on the aite visits and the analytical results,
Lo the environment. has occurred and saoil
possibly ground water}) an the site have been impacted. It 13 not
known at this time 1f the impact has been caused by one or scveral
sources. CSX must conduct an agsessment of the site to determine
rhe horizontal and vertical e¢xtent of contamination. Pleace bhce
advised that the analysis conducted on the leachate wan not
intended to identify all contaminants at-The site but was intended

to provide an {(ndication of i1mpact to the cuviiuvnmeal. c3%
. identify which

a rclease
and surface water {and

mu e L

compounds are present and mugt determine the lewvel
of contamination precent at the site.

ENVIRONMENTAL QUALITY CONTROL, APPALACHIA I DISTRICT
301 UNIVERSITY RIDGE, SUITE 5800, GREENVILLE, S.C. 29601-3677 PHONE: 241-1090 FAX: 241-1092
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Please submit a work plan to this affice ({or approval by
October 17, 199a4a. The work plan should include the methods for

determining the tvpes and extent. nf rantaminante proogent and the
locations of samples to be taken.

Thank you very much for your help in this matter., If yvyou have
any querftinns, please contact me at (803) 241-1090.

Sincerely,

ey

Mary Andersnon
BEnvironmental Quality Manager

cC: Fred Veal, Army Corps of Engineeccs
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- SOUTH CAROLINA DEP 1TMENT OF HEALTWAND
- Environmental Quality Control

Analytical Services Sample Request for Organic Compounds

in Solid Waste and Groundwatear Protection Samples. - .-
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St

Sample .
Location -5 °

for R LNpgF L

County e pc

[ R T

Z:Qﬁ' IMENTAL CONTROL

L

Comments

pate =32 7 x

Collectod By [luztes s A .

An X" in the small column

indicatas taat réquésled.

Sample Type: 1. Water 2. Soil/Sediment 3. Hazardous Waste 4. Other f T e

Time Collected (Milit)

Station No.

Lab. No.

Pesticides/PCBs

Herbicides

PCB8s

Base NeutralfAcid Extractables

Volatile Organics

I\
7

Peatrolaum Hydrocarbons

Comments

Date Rocarved in Aegional Laboratory s

Oate Roloased trom Aegional Labaoratroy

Oate Roceived in Central Laboratory

Date Roicased from Central Laboratory . a ’ _ hy
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I A

C

'
- e
s a0

ANALYZIS

N=NITRZSCDIMETHFYLAMING MG/KLY
ANTLIND ML/XC
PHENQL MC/XG |
BTS2 CHL LR IRTL C lht h MG/KY
2-THULCRCPHENCL M2/XC
1,3-0ICFLCRGEENZENS HC/KI
1,4-CICHLCACEENZENT MCE /KT
dcNZYL ALCCZHCL NMG/KC
1,-CICKLORCBINTIENL ME/XKE
C-METHYLFHENMCL FCE/XKE
BISC(2-CHLCRCISCFRCPYLYZTHIR XC/KG
L~METHFYLPHENCL Mu/K¢
N-NITRCSCDI-A~-FRCFYLANMIAC VMG/KL
HEXACHLZRCZTHANT ME/KE
NITRCcENZZNZ MGIXT
ILLORKGRCHE MC/KC

i ITRCFHENOQL MZ/KT
Cet-DINETHYL PRENCL MC/XE
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NAEHTHRLENZ ME/EZ
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E‘m e
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.A-".PLE NP

2R oz CT02%4iEuc? WELMESCAY -UGLSYT 1ITh, 15:4
CHARCGE NUMZZR : SC FELEASE CATZ © Q8710474 1Z:6¢ 241
cecrLLecyen =Y o U KLALCK DT CCLLeCTIn : CS/AC2/S4 31C:15:CC
COUNTY T PERCHLNS

TaffELE YiCIL: @ WATER
SAMPLE CEZCSIFTICN 1 CCX/VALCEY LARNCDFILL STATICN CobLE - 1

SAMFLE TYFC :

ANALYSIS STCAET  RZCULLT
o FAC: .
FrLUORENE MCE/KT 7%¢<dc <10.w
L-NITRUANILINE FG/KL <1C.0C
AICIEN2ZTNE NMG/KG <1C.0
2-METHYL-4,5-CINITRCPHENOL MCG/KC <1G.
N-NITRCSOSIPHERNYLAFING FC/XG TTESE <1C.0
L-2RCMCFHENYL PHEMYL ETHER MCG/KC 7aIig <10.20
HEXACHLCRCeEENZIENE HGE/KRG f%els <iC .
PCNTACHFLORCPEENCL MG/KECG 7verC <1{, .
PHENANThRENE MG/KZE 75¢7: <1C.C
ANTHRALEINE FG/IKE 79504 <1C.0
DI-N-3CTYLPHTRALATZ MLE/XLG <1g.n
FLUORANTHEINT #G/XC Falt <10.,17
PYRENE NG/KG , 7¢7002 <1G.C
SGUTYLSENZYL FHTRALATL MCG/KC TS Y
3,3 =S CHLZIRCEENZIICING PGF2T <AL 0

L NZO(AYANTHRACEN: FG/ KT 1 ROV

RYSEZNT MGO/KC 7657 <13 .0
ATA(7-PTHYLHELTL I rnn I AL v Mies o FOe L c1C .0
DI~N-QCTYLFHTRALATE MC/KCG <16 .4
SENZC(E)FLUORANTHENE XG/KG <1C.C
PINZO(KIFLUORARTHENRE FMFGFLC «1C.C
AENICCAIPYRENT ME/XE <1C.U
INDENC(Y,2,2-CCYFYFENE FMG/KE 7%c 6 <1 .0
DIZENICLALEIANTFSRACENLE ME/XKCG <t .0
CINZIOCCHI)IPERYLENE MG /KT <1C.C
CHLCRCNETHENT MZ/KC <1.4
VINYL C(HLGRICE M2/7%ZD 76700 <1.3
EHTMOMETHART Mu/rL <1l
CHLORCeThANE Mro/skE 7 :E <1.¢
TRICHLCROFLUCRCFETHANE My /&G Te71- «1.C
1,1-CL{HLORQETHEENE FE/XC 75525 <1 .r
METHYLINE CHLCRIDE MC/K? 7<ced <i.C
TRANS=1,2-CICKRLCRCETHENE ME/XEC 79519 <1 .C

T 1,1-CICHUCRCETFANE FLE/KC YA <1.7

P CHLCACFCRY mME/k( 7us8s  <1.C
Vo1, 1-TRICHLSKRCETRANE MG/ 79501 <1 .7

i C(AmdCnN YETRACHLCRILE FZ/KY Pe3E <1.C

i 3INLINE MU/KE 2%9:0 <.

= 1,2-CICHLECHACcTRANE NU/AXT 19372 <1_7

RICFLCROETHENS MG/ eC 7671¢ <1.C

{
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WEDNESCAY AUGUST 1CTH, 1554
RELEASE CATE = CE/1C/34 17:4¢:41

.M.PLE NUKBSR : GS5C3963427

CHARCE NUMEER : RC

COLLECTES EY U KLAULCK DT COLLECTED : 05/027%4 1(C:15:-¢o
COUNTY D FICKRINES SAMPLE MEOTIUGY - WaTkER

SAVELE DzZSCRIFTICON @ COX/VEBLGHN LANCFILL STAT:CN CGDE @ 1

SAFPLE TYFE -«

ANALYSIS 3TCGRET RESULT

i N e e e L PP ———————_ P

FACL 2
1,2-0ICHLCROFRCFANE ML/KG 77311 <1.C
CRCMCDICHLORCFMETHEANE FG/XG <1.C
Z-CHLCRCETHYLVINYL STHER FMCEC/KC 73752¢ <1.C
CIS-1,2-0DICHLCACFECFENE MG/KG <1.¢C
TOLUENE M5/KG 79715 .04
TRAN:-1,3-0ICHLCRCPRCPENE FC/xC <«1.0
1,1, 1TRKICKUCRCEThANE MG/XG . 7953 <1.C
TETRACHLOQRCETHENLD MC/KE 767C6% <1.0
DISRCNCCHLORCKETHANE HMG/XC 1.0

CHLORCEENZIGNE ME/KG

ETHYL GeMleabe N¥CrYC

ocQOMCFCnaM FG/KS

1-1,2,e-TETRACRLORCGETHANL NG/xG
FI-CICHLCRCEENTENS XC /XY 76514 <1.{0

T,4-DICELQACEENZENT ML /KC 74317 <1.C

‘li-CICHLORCEENZENE ML KG 7¢511 <1.¢

7CS58¢ «a1.C
T9L2L <1.C
79563 <1.C
79501 <. L

“5%

f poee st

curMoNT S
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USDA-SCS Greenville Field Office
Columbia, South Carolina Technical Guide - South Carolina
August 1989 Section [IA

HYDRIT SOILS - GREENVILLE COUNTY

Symbol Map tnit Name Hydric Soil Component Location

Ca Cartecay and Chewacla Wehadkee inclusions 1,2,3 Low lying areas
soils

Lo Cartecay and Toccoa Wehadkee inclusions 1,2,3 Low lying areas *
soils

Cv Chewacla soils Wenadkee inclusions 1,2,3  Low lying areas

Cw Congaree fine sandy loam Wehadkee inclusions 1,2,3 Low lying areas

Wd Wehadkee soils 1,2,3 Whole map unit N/A

Even though not listed here, other upland units 1n this county may have small inciuded
areas of hydric soils.

A1l areas that are shown by the use of a wet spot symbol possibly have hydric soil
properties.

1 - Hydric due to a saturation only

™~y
¥

Support woody vegetation naturally
3 - Are seasonally flooded ¢r ponded

4 - Can be farmed w/out removing woody
vegetation
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APPENDIX C

WELL SURVEY
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Table 25, Revord of Wells in Greenville County, South Carolina {continued)
r_ Depth Yater level EA .
Locatlon o (feet} :"I'"‘ Depth ol g ag
- Owner Driller - . o k| uelow a3 = & o Reparks
: RN IS R D I T
Latituwde Loagtitude © b " = "aw = i 5 § -
Q @ P P
= w (feeL ) >
286 |4t asts0’ petust2e’ k&lcn woodside Rohbina 3/54 230 85 6 20 ggn | flat P Pa
School
287 |3%702'2h° k2*17'50" Mr. Woods 5loon 9/58 50 24 mgen| 5lope D B
285 |34*54'157 |82°19°337 Misz Shooks Robbins | 9/51 127 80| 6 10-12| gsc | htll D [ abd
289 [14%56'20 [82*17'80" Mrs, Edens do 1/58 75| 70:¢ 6 5 | gsc | flat D | Pe
290 lj4=q1s'10" l82'21'15" |Perry Earle, Jr. do 12/52 62 q2 6 8 ms hill o}
291 [34°s54'207 2°20'55" [Bouthern Worsted -- 17-27] 2 gsc jdraw 1 5 wells
232 (345475957 2°7237'25" pO.N, Eastland Robbing | 8/61 232 321 6 5 | bhgnd alope |[D
293 [35°03'10°7 2*31°15" Bindscy Forrestier do 1/55 82 53| b 1% legn | hill o }Pa
284 [34°53'207 2*22'50" |A.G., Tractor & do 11/55 71 1% 6 15-20f{ gsc | {lat 1 Pa
Implement Co.
295 [34%46°407 2*21'0%" [Lindscy Forrestier do 6/52 183 | 120 [ 10 ms slope o]
206 |34'16'235° 2%20'30" jMasscy Ferguson do 12/56 B6 68 a 22.25 | o/62 8 ma slope 1 Pa
297 [34"523'407 2%22'50" lohn B.A, Burna do 6/54 97 B4 6 4 gac | slope | D
208 [34%46'257 2*15'00" [Joe Finley do 1/60 180 | 80 6 75 1960 15 ms flat D Pa
299 {14'51°'25°7 2°20'10" lAlvbert Forrest do 5/51 100 53| 6 ggn | alope D
o0 {34°51°40°7 2*19'10" |[fFronk E. Friddic do 5/58 245 | 108 6 13 1938 2 ggn | slope D
Jol [34*s1'407 2'18'10" do do 7/60 100 | B9 6 14 ggn | slope D
o2 [34°55'207 2*°26°5%" |Purnan University do 11/53 ) 148 | 143 6 10 gse | flat D abd
303 [34%45°457 2*17'45" Lss Norma Flynn do 11/55 | 120|103 | & 15 tggn | flat D
304 [34°49'230"7 2*27'00" WM.F. Futch do 3/50 107 50| 6 8 ggn | flat o
j05 |35°04's0” [g2*22'207 (Polly Criap do 1948 110 63| 6 4 14918 10-12| mggay f1at 0
306 j34%537107 2*21'10" {Lnouls E. Freeman do 5/53 B2 10| 6 25 |gac [3slope |D
Jp7 Jas*o2'i0” 2*18'05" |Few's Methndlst Ho 6/63 91 63 6 5 mgg!| slope P A
thurch Chapel
308 [34*54° 507 2*22'a5" Mr, Drown do 8/ 173 no 6 3 pac | slope D R
305 [34°55'10°7 217457 IT. P, Avery do 10754 | 120 23 6 20 gac | slope 1 Launderet tof
310 |34*s2'02" 2720140 (R, M, HLLL do 2/55 81 6 27 1855 15-20| ggn | slepe b
11 [34%d447097 2*15'30" Moodside Mill do 9/47 200 62 6 25 1947 a0 | ms [draw ! well #1
312 [34744705" 2*15'30" do do 9/47 199 G2 G 25 1047 15 |ms |drew ! well #2;miul
313 {34%44°05" B2T15'207 i) do 10/47 | 176 | 65| 6 4 1847 | 100 |ms |valley | I | well #3
314 [34%59 'a0” 2°31'207 hiloh Daptist Ch do /55 120 76 [ 1 bgn | slope p
315 34511337 2*25'35" |Parker lligh Schoolk do 12748 | 205 41 6 3 1948 20 |ggn | flat p | abd
R s & usmor i il Al gt mag N L -




[

3474 3 ] e b 2 . s
£ [34%aq 2 130" do co Y 19: 2 ) o oA
;;3 e 2. g ¢ : ”J v o 25 ICHY 12 ms uraw 1 mell Az aud
14 {3avsa gt 20910200 bnien o _ ¢ ) 6 65| 6 4 1947 100 ims valley |1 well #3 .
G (3470 et 2020 3 Pr,‘,-k:,-l ”*.‘If: l‘:i. Ch do G/5% 12? 76 6 4 bgn | slope P
RE ph Suhon do 12748 | 205 41 6 | 1918 20 ggn | flat P obd
P e ue Y L ey o . I L e .-
Table 25, fecurd of wells 1n Greonville County, South Carolina (conlinued)
Bepth Water level 2
Qo ~ o
l.acation ° (feel) b Deplh i 4 a g
= Owner Driller - - be low :og > g = o RemArks
- e I R enl NN L N P T
Latitule Longitude o a o a - face < - 3 §.;
o | = X P
"‘ o (feel >
316 |24*31 35" 82%25'30" |Parker Iligh School Nobbinsg 1/48 300 35| © 3 1648 15 gen | fiat p | well #2;abd
317 |34%45' 5" w221 15" |Greenville Gun Chd do 12450 102 3c| s 2 | ggn| stope [C
118 [18°C1tnn wz*21°20° ML, view Svhaol o 8/56 an 42 6 7 bgn | flat P
J1g {35'0e’ sy’ w2°15'05" {Jordan Sthuol do 220 G 20 mggy flot P Pa
g |3atann” w2 st 157 [rer pnptisy Chond do 67014 100 5¢ 6 36,006 | F/02 25 gsc [ hill o]
Pursonage  Tuyloe
G201 [3atao” wet2n a0’ [Uak Grove Trailes igss 6/07 100 1 12 ms nill o
Court
432 |35t0a 0w’ wz*22 407 |dorth Cruevnville do 7/59 an a6 6 20 megif drow P
Jr, Colluge
3232 4*510 07 |w2°200 207 |Wm. S, Middlcion Jo /672 110 80 6 10 gan | slope D
gza [35°047 057 w2'22°30" [Noruin Greenvitle do 1/59 81 a3 G 25 mgg!{ draw P
Jr, College
425 [3d4tanras” ¥2°27'05° [Moeonville Method- do 8/60 100 a2 G 200 ggn | flat o4
tgt Church
326 [3s°0nt10” §2%14° 50" |Liberty Church so /62 102 BA G 10 mggt{ slope c Pa
327 135°00' 20" g2%25'25"  |a,w, Hines do 4/63 | 115 18] 6 15 | bgn | vailey [D | R, Co
328 [34"50' 08" g2°16'05" [Mr, Crawford do 4/63 105 60| 6 20 | gsc | stope | D | R, P8
129 |34%45° 20" ¥2°25'30" |Mr. McGee do 6/63 140 53] 6 5 ggn | valley (P | R, Pe
330 |34°55' 07 4z°20'45  lJacx whitied dn 10/57 | 117 55 6 10-12 | gsc | slope D
J31 |34*57 15" p2*24'55" do 1/G4 67 30 6 15 gsc | draw o} R
232 l3q7ssras’ [w2T247 557 abert Whitied do vass7) 91| 45| & 3 60 1957 gsc | slope D
3312 34t a9 5" §2*22'00° {Thomas C. Wychv do 5/51 120 38 6 2 ms slope D abd
334 [34°a97057 y2722'00" do do 5/51 55 28 5 ma alope o | well #2
135 [34748 00" gz'z1°20" k.S, Small dn 1 /53 161 21 5 10 | ms hill o
136 (24746057 g2*21'25" [Vince Hendrivks do 1/63 a0 20 [ 20 ms nt1l o} R
337 |34*am' 25" g2°25°' 05 |Greenville Con- do 1963 247 21 6 28,05 | B/GI 7 ggn | f1nt 1 R
crete Co.
438 34*a5tus” a2'09+n5" |[Harold Coopcr do 5/63 1601 100 & 22.86 | 11/63 5 ggh | flat 1 R
139 [24°48'20” gpz230" [J. R, Terry de 4/50 109 g0 | 6 | 49 1950 ms | slope | D | des
440 |34%a71 207 a2*19'30" [Jacwk Geer do 5/57 167 35 [ 10-50 [ ms slope D | abd
341 a4t a0’ gz*19'an" |Henry AL Smlh dn /55 250 20| 6 a5 165 4 ms flet D
a2z (34t sH 07 220 oD’ |Clyvde Dayne an 60 20 1} 3 bhypy slope D
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Foble - Hevoid of Wty m Goreen e Cuanty, Saull EJluHuntlunlmnoU)
Depth Yater level § ~ .
Location g | freeo (5g =E A NN
- Owner Driller s ¥ - a2 o &z ° Reoerks
r P LI Tow ! . = 3 3
x a u ] R+l I g -
Latitude Longitude o O - T " 3 -
2K [
o
J13 [34°56°20" |s2*20' 50" Earl Briopes Robbina f12/53 6 slope D
344 134%010357 jg2*11 10" Hugh Cooper do 5/63 [ flat D R
45 {34 28" (g2'20'0n fleedy River Proe- o
bylertan Charen B/09 0 flat D
parsonopce
346 135°04730" (4222 25" Mr. Brown to 11/62 6 hill D Pa
F? 34447187 fa2cig oy Palmetio Nursery do 12/60 6 valley| Jr [ Pa
318 134741 257 [g2*1a720" |pe.. ¥R, MiLaw- do 1/61 6 draw [+ -
horn, Jr.
349 13401 257 [yztrqcost do t'o 1/60 6 hill o]
350 [34*43° 10" lg2°17 00" Clyde Wrenn do 1/58 6 flat o | Pa
331 J34*52: 15" [ga*201p" J.D, Spencer do 5/50 [ hil1l D Pa; scrves
J houses
352 134%52' 107 [82°19'05" [Arthyr Johnson de 8/55 6 slope D
353 [34°s2' 95" |mz220'55" E.¥, Kudson do 2/52 6 slope | D
354 [34's6' 15" |ga*1arag” George Copelam! tto 562 [ slope D
355 [34%s53° 0" [uz*18t00" My, Ann Mole e 9/52 6 flat b
356 1345200 lgutyper N.L, Parsuns o /50 5 slope o]
337 [34%52' 4" lg2°2g' 30" Mr., Crant to 11/55 6 slope D
358 [34"52',." Jgz*2p'1n” J.G. Atdgewny do 1751 6 slope o]
359 (34755 .07 lg2tyg9 g W.B. Shockley do 1/59 G slope (D | po
J60 134'54°6." (B2'20'00" [0, C.W, Sauth do /52 6 flat 0 | abd;serveca
5 houses
34%a4 a0 fgary s Hugh Cooper do 5/61 6 flat 5 R
35°03°1 7 |B2%15 55" M.L, Knight tlo 12/59 [ Graw D
35°Qa1 " (@228 15" Slewort Gaflfney do 8/58 G valley | D
34%43") B2*18'15" IMe, Alexpnoer o 5/63 6 slope D R, Pa
34°57) 82°27°35" |Herman Hipp to 8/57 [ slope D
3557 82°27'50" [cnlthoun Hipp o 4/56 6 ntll D
1s°0n2 B220°507 [U,B, Nawkins o G ftat D
kR S 82721387 |itoghn Tvey o HA01 G slopy D
1507 2 82702107 IMes, Crifiin o L0/R0 6 valley | D
39570 B2°26'257 [J,F, watty i) A1/ 956 5 valley| ¢ nba
srthe o 4 . . -




g e

%'Jﬂ- cem 3‘. s .
Iﬂﬁn J1UAT o PO LTIy [ TE . g - - | . Lac
a5 “oleL L. 0" |o.o, Huwk.oo. . loe 15| o , )
35_3 34:55« 35:: 82°24'15" [Hugh lvey do ’ 135 60 & ; ::E: :;;;e g
69 35-07 20” 82:32'10:: Mrs, Graffin do 10/60 121 90 6 gen| valle D
370 fa4°57 00" {A2*26°25" [J,F, wotls do /56 115 50| 6 G 1956 20 [bhgn vnlle: c nbd
bt ik s h e g LTI AT L - et tied) o - -
Table 25 tecord ol Wells tn Grecnyille County, South Carolina {continued)
[_ Depth Water level :
S o~ w
ccatton - {feet} & 7 [ Deptn . £ a5
- Ownur Dritler :E gé’ t:::‘z" bare E‘,E ko EE . Remarks
o . - ] [~ -] E 3 - - =
¥ 8 = ~ € |z o sur- T Y g =
Latlt e Longttude o - - = - k g -
5 7 face vy ﬁ n
- 1% {feer X -
371 |3s*out1o” [427367257 [WFDC-TV Robbing 7/58 135 J¢f e 2 |mggr{ hill c Pa
172 |35'00' .07 [82%25'307 [Charles Sheppard do 8/50 62| 20| 6 bgn | drav D
173 |34*57' 0" [82*25°20" |wullasce Rendolph do 9/61 125 14 [ 4-5 | gsc | htll b | Pe
274 [24745'15" {B2°25'50" |8.F., Cleveland do 9/62 102 20 6 47 1962 ggn | hill D | Pe
375 134*35' 10" [82°25'25" IFord Mestier do 4/632 115 BG 6 50 gse | slope D R
196 [35*02' 107 [82°33'107 jMartletta Baptist do 2/59 q1 30 [ 3% bgn | draw o Po
Camp
477 |35°04'00" [42°30'55" [Mtddle River fop- do qa/57 89 52 6 45 1957 5 mggr] hill c
tist Church
278 |34%43° 0" l42724'50" |Kenneth M, Geer do 2755 100} 70| 6 gen [ n1l D
1795 {34%43° 0" [82%29'207 [Vance Drawdy do 4/53 252 28 6 B ggn | hitil D
380 J34%a3° 07 [#2%2a'007 [C.D. Criggs do 2/62 112 381 6 20 | gegn | htll D
181 [34743° 57 (827247107 |Lewts [z lewood to 1/52 71 60| 6 6 ggn | hitl o
3182|3442 .57 (82237357 ja.n, Holtzclow ¢o 2/56 123 As 6 5 gan [ hidl D
383 [34%*43° 0" (82723407 [A.wW, Goferih do B/58 9 20 3 [3 ren | #lope D
184 {34%42° 5" [d272274%" |B,C. waldrop do 11/55 71 52 [ 20 1955 2 gen | slope D
1S }34%*43° 37 [B2°25°007 |J.w, Behrens do 5759 150 90 6 5 | ggn| nill o
386 [34%42' 07 [82%22'257 [Mr. McKelwvy do 11750 112 87 6 15 ggn | flat D
387 [34%42' w0 ls2*26't0” [w.E, Mitchell do 6/56 122 72 6 25-30 | ggn | slope 1] Pa; & housy
e [34%43'.0" {82°21'20" |CGunier Dalry do 8/58 44 25 6 10 ggn | draw D
g9 [34%51 o7 [wet1Bt1s” |Calvin Garcti do 2/60 95 70| 6 25 gsc | flat o]
a9p [34°s2' 0" [B2°20'50" |ioha Granger do 1/52 Ta 22| 6 & |ggn)stope [D
391 {34°52'0° [82720°'557 |Mr, Jomes do 12/54 55 22 6 ggn | slope D
392 [14°s1' 5 [82*18'30” |James D. walters' do 9/5%6 138 a6 5 25 ggn | flat Ja}
393 |34*s1 57 (827187557 [Mr, Hungerford do 2/52 207 76 [ 5 ggn | hill D
394 [34°510 7 [R2Tigta0” [A.S. McDaid da 11/60| 98 6 12 rgn | hill D
39% G
395 [Jaau- 5 |det21'33° [S.D. Grenger do 5/ 53R 1591 ax| 6 18 1958 ] ggn | [1at D
3o7 §a4*qB' 57 [B2°25'207 |E.K, Hudwon do 1/5] 90 a5 6 [ Rgn | slope D
598 |34°46° 07 |82725'007 [Mr. Jencs do /5% 61 31 G 10 gRN | {18t o]
389 |34%46° 0" [sztestoo” do do 8/51 80| 30| 6 gegn | flat D
400 |34*4nt 37 [82°25'007 |Floyd Joney do 9/53 138 30 G 24 1952 20 ggn | flat D
401 Jast4Bt 07 (82257257 (MM, Puet do 2/51 a8 a3 G ] ggn | slope D
.
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Table 25, Rec.oid uf Wulls in Greenviile County, Suwuth Carolina [conlinued)
—
Depth wWater level g .
Locar1on E (feet) E'; Depth 53 £ ég
- Owner Driller 2 : 0% ?:::w Do EE : : -:‘ : Remarks
4 s . w E E a ] w D =
Letitude | Longltude © o A P L 2. § 2=
° a face ¥ g g L
= o {(feet ) -
402 13a*a5+25" }.2%24'50"7 Mr, Newlln Robbins B8/50 144 | 137 6 ? ggn [ flat h]
401 |34°s4r58" p2tzz'ss” [r.w.D. Schafer do 6/63 210 10 6 5 gsc (hill D R
404 [314%487 30" 2°25'20" R.L. Mcaders do 1/55 96 40| & 6-8 ggh |slope |[D
405 [14*45°45" 2*24'55" Btonley Lce do 12/54 63 | 62| 6 10 |ggn | t1at D
106 [34746°'35" F224'53" Mr., O'Conner do 1/49 160 s | 6 35 1949 1 zgn | fiat D
407 |34*a7'10" p2°24'45° Mr, Granger do 2/51 92 90 6 10 ggn | flat D abd
308 |14*s1740" p2tz270a5” UM, Jolly do 8/53 116 8 q gae | flat D abd
: 409 I3a*sg'2s” p2°28'55" ohn Looper do 10/60 | 125 6 4 [ bhgn|draw D Pu
! 410 [31°51'43" k2"27'45" Mr, Loyd, Jr. do 9/51 137 22| 6 11.68 | 11/62 |6-7 |gsc [flat D | abd
i 111 |34%49'40” h2*27'05" Maywesrd Dallard do 4/53 (280 | 65| 6 3 ggn | slope (D |des
| 412 [|34°47'55" k2*26'45" Mr. Lunsford do 11/50 [ 132 60| 6 ggn | slope |0 |Serves 2
! houses
! 411 |[3a*a7'10" F:*24°257 Mrs, Minnie Marth do 9/52 103 27 3 27.2q | 10/82 KEn | flat o] abd
! 414 |34%*49'30" K2'27705" p.L. Moore do 7/50 135 [ 5-6 ggn | flat o]
. 415 |as*o1'00” k2°22'507 fpocust Hill Dap- larria 1954 500 50 3 60 1954 0 ms h111 o abd
! tiat Church
116 [314*a85*10" h:"28'05" [eorge Ross ot ny 1/52 BT 60 6 1 Wsc | slope D
£17 {34°52°'04" W :'20°40" Mry. Wutsen do /55 60 17 6 20 zgn | slope 0
118 [34*s2'es’ k:°z0'125" [Erskine Trayahom do 1/%3 15 14 6 20 ggn | flet D
119 [3q*sz'io” | :t28'00" Mrg, Mae williamy da 2/62 143 13 6 B psc | flat o] nbd
420 {34°55°'25°7 pcctzgten’ [n0, wyon Alexander | 3796 631 18 15-57 | 19506 ) Lgn | hitl C o]
421 |3ats7' 307 t200007 KLR, Molzo Rabbins 11762 | 120 an [ 1 hhen| hit) D
122 [34%52'05" |t 28'007 MQOK Ragic Statum o /a8 | oz 3 6 8 gse | et c AbY
423 [31*51'55 s -"20'207 pM,F. Sanders do 11/55 43 22 5 2y 1905 2% gen | slope D
4124 I7a*s2ty3" e t207357 Mack E. Menry uo 3754 22 18 [ 22 1951 10 ggn | slope D | Doesnt flow
P23 In summeH
V2o a7t as’ 1T [Jumes Teery "o 1963 94 ] 6 2 Rr slope D R
126 |24%a3'00" [g-'26'107 |[J.P, stevens Co. do 8/63 | 200 20 5 18.41 | 9/62 [ ggn | slope 1 R
427 |34%a2's55" [w *267a0" do Chandler 8/63 3130 0 5 2 ggn [ flat 1 dea
428 [34%a2'58" fn Tuzgtan” o dJo 8/63 119 20 5 0 ggn | flst 1 des
920 3ata2ias” w2607 do dn A/63 125 20 5 Fluws 18 ggn | valley | I Pa
i 430 134ta2tas” pe "Zntao’ o o H/63 150 20 5 1.13 | 9/63 12 rgn { valley |1 abd
! 131 [34%92+43"7 |w "26'a0" do do 8/63 143 as 5 6 1963 200 ggn | valley [ 1 Pa
1
|
ERNEPENT % LI -

I o e mip i i SR
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1.0 .-

. m:»sz ) u?.: 4o - Liwood 15 eu | D v jEEN | Llat I | des
r:zz g:.azl‘a 8’2_25 -IOH 18- do 8/ 135 20 5 Flows 18 gen | valley |1 Pa
4 az 1. |azT2etan do do 8/ 150 20 9 1.45 [ 9/83 12
131 [3avaz s N2t 26 10" d ) . ggn | valley 1 abd
o o 8/63 12l 13 3 6 1963 200 gEn | velley |1 Pa
m,\.....,.-u-\ L - ~ At b R AR - i '
Table 25, [wocord of Wells in Greenville Counly. South Carolina (continued)
Depth Nater level g
Q ~ (¥)
Lvallon - (teet} :'; Depth - M & ; g
- Cwner Driller SE ;E‘ below ;g » ?: N Reparks
” —T e w |3¢ 1and Date ~ 4 . - 2
= . a - ~ E - : sur- R v] 0 &:
Latltuwe Longlitlude o : ~ =] p : " g 2
° - ace M & P
= o (teet ) >
432 3451507 B2'20'25" Pﬂra. H.H. Nodline Robbins 10/56 | 129 421 6 20 ggn | flat D
433 j34°s2'0c” g2*20'40" |D.D, Pou, Jr. do 55 22| 6 20 |ggn | siope | D
434 [24*s271° [|82'20720" [Frank . Mahon do 1954 65 6 12 | ggn | slope D
435 {34732°5¢° B2°16'20" |Alton Rogers, Jr. Chandler | 1960 53 36 [ gr f1lat o] B, Pa
436 [2a*s52'0t” g2°20'35" |J.AR.E, Panmgakos Aobblns /5% 12 10 5 a0 ggn | slope o]
437 |[34°52'0t” g2*20°25" (Dert H. Reece do 1173 sof 27| 6 4 |ggnl|sicpe |D
438 [34°s1'st” §2°20*15" |Mtlten J, Smuek do 9/58 65 3o 6 8-10 [ ggn | slope ]
439 [|j4*szror (82*20'40" |Jeck H, Jarrell do 1/52 70| 41 6 20 |gen | slope [P
440 |34%46'577 [82°23'507 |J.W. Hall do /51 102 so0| 8 gen | f1et D | abd
aq1 |[24®477 00" 82*23'55%" do do 5/51 103 32 6 ggn D abd
442 |74%a7v2° (g2c2s5'15” [Fronk il do B/50 122 70| 6 8-10 | ggn | f1al D
243 J3474g'1c 0 jw2t2Tr3s” odlb, gpelts do 2/58 10| 65 6 |62 1958 & ggn | htll D
444 |34%48'1: 7 g2 27'25" da do 10/54 16 47 24 ggn | slope D
145 |1448'20 |82*27°20" [Duck Johnaon do 12/60 | B2 6 12 {ggn | slope [D
146 |31*41'207 82°19*15" |Junius Garrisoen do 6/61 t19 55| 6 4 | ms siope | D Pa
447 (34%39° 107 g2"17'45" [Joe Jachs do 8/61 123 55| 6 2-3 gr [ hill D Ps
448 [34%9572” g2°24'00" lallen J. Groham, 2t do 2/58 1541 92| 6 75 1958 10 {gsc |oelepe (D
149 [3atss 2 g2*24a's0” |or. E.F, Geynor do 6/61 140 6 25 gsc | slope o]
150 f34*s4'1r” [82v24°307 |J.D. Henry do 4/50 130| 50| 6 g-10 | gac D
451 l34*33'y C [Hgti1@ro0” [GLE, Taylor do 1959 152 6 gr flat D
qs2 [34"55 1 g2°24'50" [Mriten ). Mestuer do 8/53 220 GJ 6 q gsc D
153 Jaatsare g2*24'25" |¥.5. Harien da 4/50 118 kM 6 50 gsc | slope o]
a54 [34t5aree B2 247150 [May A, M1l do 6/%1 100 56 3 12-15 | gsc | slope D
455 [31°85'0 ] §2°21'257 |Mrs. Joo N Bl do 171 38 6 42 5 bhgr slopo D
456 34547277 §2°23'20" (D.C. Pulley do 2/5% 14% 70 [ 5 bhgr slope D
457 |aa*31n az*22'00" |Doyd Wooten Chandlcer | 1861 17 36 5 ggn t flat o] o, Ps
158 [34%e6tt §2*24'30° |Cal, F. Kimble Robblns 4/60 215 | 105 6 3 gsc | slope V]
459 |31"s54'ac” gz*23'15" [or. J.R. Thomawun do 1/52 116 B 6 8 bhgn D
460 |347s54v3 0 lgz2stos’ |David R. Lasgiter da 1957 102 55| 8 60 | guc | 2lope D
a1 faatsatie gz*z24'28" [M.R. Miller do 1/51 110 37 6 20 gsc | slope D Pa
i62 |347sacz  |B2rEsvie” [w. Hivi do /%9 199 70 & | 60 1904 5 | gsc |slcpe |D
463 [34°55°0- 842237557 [, Stewsnd do 12/50F 150 6 a gsc | slope [ D
aga |3a°5s'e g2*23'a5" do 5/61 124 | s 12 gsc | slope o | Pa
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Table 29 tcord uf Wells in Greenvitle Counly, South Caroling, {ventinued)
Depth Water level "':“A
Lycatlon ,8 {teet) :‘;‘ Cepth :c:g £ ig
- Cwner Driller v o X[ below -2 I &3 ° Remarks
° el § ¢ ] tand Date “al Lo L
= [= I padiie) sur- o -
Latiiure Longltude ) O — § S....
face vy g,
(feet ) >=
465 34754747 [B2°23'15" |Freeman Myrick Robbins 10/53] 88 19 6 [qo 1953 | 7-8 bhgry slope D
466 [34°55' 17 |82°24'30" [Lehman Moseley do 4/51 176 | 98 6 q gsc | slope D
167 134°55°0° 7 [82°24'20" |Miss V. Norris do 9/58 215 57| 6 07 1958 bhg D
168 (34°3372°7 {82°22'35" lGuy Smith -- 1920 40 a8 5 |ms flat D |[D, Pa
469 (34754750 " (B2°21'357 |Mrs. McCaulcy Robllns 11/56 | 128 a2 6 50 1956 & | bhgrd slope | D
170 [34°54°30 7 [82°21'50" [pr, J.W. McLeun do 1/58 114 [ 10 | bhgr{ slope D
471 (34724157 |B2722'55" |J.A. Hipps Chandler | 1961 16 24 15 1964 3 ms slope D D, Pa
472 347557207 (8220157 [Rarl W, Sprpent fobbiins 150 40| 6 |97 10 [ gsc { slope D
173 |24'55'05° [82"22'50" |Wade Stcphens do §9/50 160 58 4 8 g5c | slope o]
174 |24%39 00" [Az*z6 25 |n.w, Necly o 1953 108 60 6 " ms flat D Pa
475 245505 H2°22'557 Inr, Jlugh Swiin tlo 1/52 152 a6 6 5 gsc | alope D
476 3454740 427207257 e, Cectl whitne o 2/585 124 12 G 10 bhgr slope D
177 34755 00 52722557 D, Hugh Smith do 3753 17 55 6 6 gs¢ | slope D
478 [24°55'14 4221007 |ur, Schultz do 8/51 119 a0 G 4 gsc | htll D
179 £34°54°35 #42°21°25" [w,w, Sicvenson do 1/50 127 50 6 20 | gsc | riae [+] Pa
48O [24°37'50° [B2°19'257 [J.w. Darncs do 12/62 275 ) 1] W 1962 {15-20 | ohgr flat D Pa
481 J24%54'5¢0° 1827227507 [.R, Turner do 6/59 09 30 G 75 1955 15 Lbhgn slope D
182 [34®55°'25 Be*21'157 for. LD, White uo B/ 59 140 60| & 12 gsc | slope D
183 [34°54'57 [82%23'907 [Jaok waro tly 1/07 200 3] G no 1407 h] bhg slope D
A [2tsa 0 H2%20'307 fitopes Uillare do 2/56 135 25 6 30 190G 2-2 gsc D
ABS (3454107 [H2233n fE.n, willis i 2/56 y} 1 G -4 ESC o]
AMG [34%39 40 42%27°25" 16, Cumphell Nareis 1451 130 6 15 ms flat D Pa
a8Y [34°54°25  (B2°21'257 lnr. whiie HobLbing i/48 a1 a2 6 27 1918 3 gsc | slope | D
A48 [24*s35an’ (g2t24 207 |wspPa-Tv to 2/47 178 [ HO 1947 2 gsc | htll ¢ Pa
189 [34°53'157 Jl82*21'00" |George Smitn do 8/58 55 25 6 3 1958 [30-40 | gsc | draw D
190 [34754°307 [82*21'007 |Ansel Ashmore o /19 103 30 G a5 1949 1 gsc | slope D
A91 29547557 {W27210' 307 [Morgan Goldsmith ey 12/98 | 138 BRI G n 1918 20 bhgi{ slope D
22 [24%57'257 H2°16'00" [ennts Smiuh o /G 5 0 & S gsc | rlat [+] R
193 |31°54°227 [B2%29' 287 |Jauk w, Nay e 1/18 1y 22 [ 1o gsc | slope o Pa
194 (31°4B'207 Je2*Zrt15T JLutn Collins o 1939 650 [ gen (| siopc ] Pa
495 |34%54'227 [RZ*24'30" JAudirew MeNetl do /53 96 20 6 15 gsc | slope o]
196 [31°53'357 [82°23°207 |Jim Pressiey to 12/521 229 30 6 5 gsc | hill D
tjj 247547007 [B27230157 |Ermest K. Youwrg Jo 12/66G) 220 so| s gsc | slope o]
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. ) a4 ".. r 'JU” Lw M |; U . g5 l ne '
EEAY :M:::.n Jj” H.d'ZJ‘EUH Jim Pressley o 229 30 U 5 gsc | hill D
197 (2451700 g2'21'1% Ernest K, Youug o ? 4700 220 80 4 gsc | slope D
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Table 25 levord of Wells an Corvensille County, South Carolina (con(inucdj, e
Depth water level g,..
l.ocatiaon o (;531) :: Depth : 2 S_ E g
- Owmer pDriller 2_3 ° % below ;E - ‘;: o Remarks
s R I P R
lLatitude Longttude o : = 0o - —_ g S.-l
5 | & face LR g
= o (feet ) >
198 |34%48' 20" §2°28°20" luta Colltins --=- 1921 45 48 ggn | slope [D | Pe
499 |24°%at10" 42°23'15" IMiss Coggind NMobbins 8/59 118 64 6 30 gac | slope D
nog |34750°7 157 [82°177307 |Ernest wilsow do 11/61 | 105 55 & I15-40 | ggn | slope D
501 j31°50° 157 K2*17'55° |Fietcher Kirkland do 110 60 6 gsc | slope o]
502 [35°01°107 K2°31'45" Iwalter Goldsmith do 5/57 131 80 6 50 1957 7 mggn| valley [ D
503 [35°01' 007 23115 do Jo 6/60 176 12 [ 5 ms hill o]
soq (35°02'usT [s2e27'357 [C Douglas Wilson do B/53 163 | 1331 6 12-15 | bgn | flat -5
505 (35°05'10° 82°28'05" lNloward Wilkle do 10/57 45 24 mgen| 18t n o
cge [35°02 o0’ [wzT2gras’ [ouy Poore do 12/55 | 193] 154 G 5 bgn | flat D
507 [33%05' 07 w2*28'10" [hruce Nense do 11/57 | 148 | 133 [ 35 1057 [ meer] flat D Pa
%08 [34*59° 0" w21 e0" iMrs. JLAL Lunsfo o /53 35 G Ll beng flaet o
509 {35%00° 57 Hz®y1'20" |T,J. foblinson do 8/59 118 4o B 4 bgn | slope o Pa
510 [35°02 15" [s2f29t05 {J.w. Jehnson do /48 56 ag| o 28 1948 9 vgn | slope D
s11 |3ataac1a jetus A’ |duventle dewens Harrtis 1955 583 6 6 ggn | hill P | abd
tion B
1z laatare oo’ w2129 W, 5. Padoen Wagson 1960 A0 8 gr flat D Pa
513 {34*53 00 K2420'55° |F.M. Whitlouh Rolibins /51 105 BO 6 1-5 gsc | flat D
c1q (34%37° 15" [s2*150107 |J.C, Sprouse Burdctte 1954 931 32 6 35 gr et o] Pa
515 [34°20" 50”7 w2°20'107 |Oaklawn Prison Robbinsg 1954 120 6 30 1954 7 ms hill P sbd
Camp
516 |34°30 407 wetz2otn’ o Cux 1955 3% v il ma hilil P Pa
517 |34*39° 30" [w2T20r107 do do 1958 | 500 6 10 [ ms Rl P} Pa
516 34740 057 B2*19'05"7 |C. Kellett do 19582 241 66 6 a5 1952 22 ms flat o Pa
s1g |34%49° 55" [2t2o'0%” |J,F. Schotias Robbtins | 8/50 152 64 & 19 - 1950 20 | ms siope D
520 |34%40° 15" g2°19'00" |J.P. Kellett Kellett 12/62 53 24 : 5 ms flat b | B, Pa
521 [34°86 107 w2*18'00° |Doug Gruen Habbins 10/55[ 161 78 G 4 ggn | flat o] Serves 8
houses
s22 [aat " weeontdn itloy Jones o 1/52 188 50 50-60 | ms slope 5 Chicken
tarm
523 |gatr9 ol IRASY RS Jdo 9/51 60 54 21 1951 15 gan | flat D
524 [31°48 007 §2°20°' 00" [E.M, Hamminpur do 2/47 134 50 4 20 1947 15 ms slope D
525 134%4-1 0487 W2°26'00° |P.w, Xelleout do 12756 128 80 6 8 ggn | flat o}
526 [24%127 57 K2°18'0%° {(Mr. Riggtins Freshwator| 1861 123 5 15 ms slope D Pa
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Table 25. Recuord of Wells in Greenvilie Countly, South Carolina {conlinued).
Dopth water level 2 . ‘
Lucaetlan o (teet) :':‘ Depth g e S E g
- Crener bDriller - o2 be low a2 x b o Remarks
- ¥} an g — [V ) N
; S - - ? ? = lur(f o At : : g 3 °
Lat!tuie Longltude o : - F= _- g a -
° b face i g g n
= v (feer ]} -
627 [34ta4r2 g2°27'05  pl. Piutman foubins | 9/58 79 28 6 10 |ggn [Htil D
528 134%43°45" g2"27'125° Marten ¥hite do 6/58 116 0| 6 ggn | alope | D
520 134%43'5% laz*26 55" |Fdward A. Jeukel do v2/85 1 97} 72| 6 10 |ggn| flet D
510 [34°46'007 §2%20'55" w.C., Hendrix, Jr. do 5/50 111 60| 6 6-7 |ms plope [ D
531 |24%45'507 g2*21'15" |J.T, Hellams do 8/60 95 & 5 ma slope D
532 134%45'50° H2*21 15" a0 do 3/57 125 60 [ 20 ma alope o} des
533 (347397 4% g2°11'0u’ [l Farrow .- 1941 ap| 6u]| & gr flnt o | Pa
nys [34°46'00 g220'507 [wr. Owner el tns 6799 a6 10 G 18 ma slope D
535 |a4tas 2 g2*z0' a0 4.0, Bishop da 10/50 1 1Y G 6 20 ms slope o
936 |34%96°2 R2°20'3NT |Fu Smiih U 11/5¢ | 90 36 6 20 [ ms slope D
537 13474600 H2 20t 10 LM, Turnvr, Jdu o 7/59 17K AOY 6 2 | gen |@re- D
938 [34746'00 g2*20° 55" |ur. Tayloer [ty] /56 100 a0 6 10 ma ylope D
539 [34%43°a0 az2*23'407 |Dh1l Siroud a0 9/59 BO 30 [ 25 ggn | stope D Pa
540 [34°50%45 g2*19°'35" |Jack Sloan Jo 1/52 B8Y 45| 6 12 1952 50 | my fiat o]
sql [34'51M00 §2°19'307 [w.w. Pate o 1752 127 71 [ 25 | ggn | f1at 3
542 |3a%51'25 g2°20°'2%" [ames AL Lonpw do 5/51 135 | 47 6 a gen | arax D | Pa
A47 [24%50' 30 §2%20' 40" Jooldamitn & Giw- Jo 1/532 150 22 [ 15 ms flat c
mons Truthkling )
Lerminal
naa |34%a0" 30 wz2*20 0" do do a/952 101 40 6 25 ma flat o
548 [34734°20 4z%1g8'40" |vecder foote do 1951 158 92 G 12 1951 5 gsc b fint 1 ahd
546 3475040 W2 io'10° |pr. Bolt uo B/48 102 60| 6 21 1948 30 | ggn | flet D | Ps
547 {Jatadtlo B2°%3° 007 [Skyland Drive-bio vo 1/62 180 a4 6 25 REN | drew c
Snhady Lane Trol
er Purk & Cas
Station
548 [3a%43'a407 w2t23'25" |Jnmes Sorrsell do 12/56 a4 kY] 6 20 | 1956 10 ggn | fiat c | Tratier Tt
549 [34°44'20 yz*23'25" |F.8. Zaohke do g/83 | 103| B2 & 7 | ggn | htll C | Gardenta
Motel
550 (14%43'40 g2%23'20" |J4.G. Ridgewny do 8/51 gg]| 80| 6 20 | ggn | flat s
551 |34%4s72n” 82'09'55" [Harold Cooper purdette 1963 315 56 [ 30 ggn | drew 1 Pa
552 [31*44°350° §2°23°40" [Mr. McDuntal Meubins 11/52 65 59 [ 20 ggn | slope D
553 [34%45'00° p2°23'35" lLondrum’s Uphols- do 10/48 | 140| 60| 6 27 1948 26 ggn | hiil C
tery
~a—dpray - . .
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50 |34%4.'40" [w2"237207 [J.C. Ridgewuy do 50| 80 6 20 ggn | flat D
451 134%97 '25" [#2°09°55%7 [lurold Cooper Durdelle 1963 315 56 6 30 gen | draw 1 Pa
552 [34°4.'50" 427237107 |Mr. MeDantal Robbins 11/52 65 59 6 20 ggn | s1ope 0
557 |34%a Q07 [H2°23'157 Lanrum'ﬂ Upnhols- do 10/48 | 140 60 6 27 1948 25 gen [ h1lid c
ury
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Table 2% Record of Wells in Greenville County, South Carolina {continued)
Depth Water level gﬂ
Locatlon - (feet) |¥ o |Depth a u g é'g
- Owner Driller v A v & ibelow az n e 0 Remarks
;; é’ E B w E E land Pate - - w8 =
Lati ude | Lomgltude < 2 | 3 |22 |8 Iz é 8=
° a face v g lg B
= © (feet ) el
554 [34%39°45" [82°23'15" Hanoma Elcmeotory Robblna | 8/52 170 | 75| B 15 1952 40 |ggn | flat P
Schoel
555 {34°41°15" p224'007 Ers. Kilpatrick do 1757 125 65 5 5 ggn | flat D Pa
556 34744710 [82723'30" kyland Drive-in; do 8/50 g1 | 58| 6 7-8 |ggn [htll [
Shady Lane Troaf-
er Park & Gas
Statien
557 [34*42°0%" [82°22'357 Mr. Blakely do 2/45 153 17 6 26,84 ] 10/62 ggn | flat D | abd
558 [34%16° 10" 2°22'05° Mr. McKelvey do 1/45 | V18 [ 90 6 6 1945 25 |ggn | flet D | Pa
555 [34*34710" m2°1g'157 Mr, Christerfer do 4/48 29 22| & 17.39 ] 10/62 10 fgr slope D
560 |14*s9no” [w2t20tan” TLT, DIl ftarris /55 270 51 G 19 1955 9 bhi{ (et 0 Pa
461 [34756 20" [82%15'557 PMack Shorman Robhins 10/60 | 109 7% [ 12 gsc | stape D abd
s62 [34'567 30" [82°247357 ALT. LT, do 1063 75 20 6 1275 1963 1 gsc [ ntl ! R, Pu
563 |34°55 43" [82%187157 [W. Homer Langley o 6/53 100 35 [ 17 1953 [%-30 | gac | slope D
464 |34°56°05" |g2'21'15" |Mrs, Harrington do 9/56 162 75 6 4 gsc | slope D
565 [34%an-ng" [82°27'05" |Herman Smith do 12/56 | 212 32 6 75 1956 ggn | nill D
566 |14*as 00" [H2t2a0s” [Martha Herriswan o 3/50 0 30 ) . ms slope D Pa
457 [34%an 00" (827277107 [Bewey Gilreath do /503 191 22 6 T2 190 gen | siope b]
sga [15%0y us” [§2°27'507 IMr, Slovkubury do 11/63 | 125 11 5 5 mpgn| slope o] R
469 [35%02° 00" [82725'3u7 |Troy Stiles do 1758 185 118 6 4 ben | slope D
s7g [3%%01 457 [B2°25' 207 [Spear’s Uniowen do 6/91 jas 110 6 5 pgn | slope D
Farm
w71 [3atsn 157 [B2t25°5u7 |Calwvin Geoiey do TL/50 ) 154 100 6 30 1955 3 gsc | flat o}
572 [34%50 107 (8202570307 [Mr, Hudsun do 1o/63 ) 130 15 5 ) gsc | flet D R
573 {34*s5 107 [B2*15'257 |Charles Ross rockman 1962 112 50 6 10 1962 15" | gae [ htln D Pa
§74 j24%51 107 [B2TzO'1sT |J.D, Vickery Robbins 4/53 1741 103 3 20 1953 15 gsc | flat D
575 [3s'o7is" [p2t32'057 |Mr. Friddle do 7/56 155 1 15 mgen| valley | D
$76 134*47°45" [82*21'207 (A E. Johnsion, Jr do 10/48 87 50 6 J0 1948 B ms slope o
517 {34*45°05" [92°17'20" [Harry Garraux do 9/61 113 73 6 RN 10 | ms flat o]
578 $34%59 7057 R2*14'00" |[Loutls Smith Sloon 5/62 318 25 6 1] 19672 4 mgegn| hill o Pa
579 |34"50 307 [82°17'55"7 (Coldwcll Herper Robbins B/54 120 35 6 ggn | slope D
580 [34%a6 15" |B2*21'537 |R.L, Grevnmén do 1/523 42 17 6 15 1952 5 ggn | hill D
581 |34%1n 05" [A2*23725"7 Millcr Mobile How do 6/60 235 12 G 20 | 1960 15 ggn | flat c Pa
Treiler Court .




oy g

rv‘l‘ﬂ‘w %fj""?‘t F e
P
Table 25. R.cord of Wells in Greenville County, South Carelina {(continued]).
|7 Depth water level EA
Lovotlon - (feet) Lo | Depth e .4 é g
- Owner Driller 3':‘: 5 % below a g o e ¢ Rezarks
° i w |9 2] 1lend Date ~ ol - 2
x ) [~ - [ - : Sur- kel é a -
Latitud Long!tude o o - |a - n -
o " face v g m
el ] ot =
= u (feet ) >
582 | 34°45'0n " | 82°23'257 [Miller Meblle Ibm| Robbins [10/58 2107 83] 6 8 ggn| flat [+
Troller Courl
583 | 34%51°4n [ 82%29°107 | NLE, Rungu do 5/50 116 50 6 25 gsc| slope D
584 | 34%s1'60 | B2*28'50" | E.W, Monlgomery do 5/50 14-1 15 6 10 | gscf h1ll D
5851 34°53'05° | 82°29'107 | Henry Theodwre do 1/47 182 60] & 10 1947 15 gscf slope D
sg6 | 34t51'40” | 82427137 | Ed Means, Jr. o 11/52 196 I8} 6 25-30| gse| htll D
587 | 34°s3'35 | B2°20° 35" do 6/5% 109 57 6 15-20} psc| fiat D
588 | 31°53'20 H2°21'00" | ¥urman Norris, Jr do 5/51 157 55 6 25 gsc| slope D
5890 | 35%00'2) B82°16'157 {Tum Duocham Willis 1954 a5 21 mggn| slupe D| 8, Pa
590 | 3a*533'1u [w27217157 {Mr, Gregory Roubina 1954 102  qu G 25 | 'gsc| slope | D | abd
591 | 14%53'2u B2*20'457 [ RN, Grant do /50 94 55 [ 15-20| gsef flot o} abd
592 | 34°53'20 g2%20'45" [Mr. Cannon do 5/50 50 4H 6 10 gsc| {lat b abd
593 | 14%35'20° 52°22'50" [Mra, Essle Wockn do 11/51 130 98 6 5 gegn| flat o] Pa
594 [ Ja"qa'15 g2*20'50" | Onk Grave Tretler do 8/59 204f 115 6 20 ms draw ¢
Court
505 [ 34%37'30 |2 237@07 [Suril Co. do 6/60 250 G 15 gen| flot |
596 | 34*37°3u | 82723257 do do 6/60 | 200 6 30 | ggn| flat t
so7 | 3437357 [ 82*23'25" |Mr, Spillers do 7/50 93| S5G{ 6 [ 1950 20 | ggn| flat D-C
598 | 34%37¢357 [82%17°00" | Preagan Methodist do 9/61 76 6 ' 10 | gr | alope [D-C| Pa
Church & housr
699 | 3443720 [B2*21207 | Fredertek Fo Cum o B/G1 320 20| 6 ! 7 | ggn| slope [ D
§00 | 34°44'20° [ B2%20'15" | E,D. Hendrichks do 11/60 161 6 33,30 11/62 4 ggn| fist D
601 | 34¢37'10° [82*18'50" | Fork Shoals Sch. do 1/47 52 26| 6| 30 1947 12 | gr { slope P
go2 | 344290 [82°27'107 [Ham Smith do B/54 115 a2 6 20 | geni flat D
503 | 3ata3 1% §2°27' 10" | Duvid Lowless do a/56 131 53 G 4 ggn{ slope D
6oe [ 34793710 y2 18507 | Jeonn llolmes o 1944 200 G 70,040 1/ul 4 lbhgn| hill s}
605 | 35%04 20 B2*i8 30 | Theron Fow -- 1962 507 o 30 11962 mggn| siope D Pu
Gue | aats0ron [ w2ty 30" [Ardon Nabb Hohtiing /48 133 kLl G 20 1918 & gr flmy b
607 [ 21°49 0N §2°28 05" | €N, Haritn du 6751 155 an & 0K 19 1-2 gan| slope 5]
GOB | 34718307 82°28'3% | Nerman Long do 2/53 05 60 6 ggn| siope D
609 1 34°50'50" | B2°27'15" [Standerd Supply do 12/58 163] 106| 6 25 1908 30 | gse| slepe [C-D
610 | 34°50'05" | 82"28'40" | Frank Taffer do 4/60 180 60| & 5 ggn| slope D
611 | 34°50'05" | 82*28'55" |Staffora Stgn Co. do 5/61 168 & a-4 ggn! hill c
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: 9 : Landard Suppl do 27" : ; : " e :
Glo | 3475000 g8 a0’ | Frank Ta!fet‘l ' do lf;;g 8; lgg : * o 32 E:; :;?f Ci—JD
. ing’ ey reaat
61l 34450'05 82°24°35 Stalfford Sign Co. do 5/61 168 6 -4 ggn nllil’ ¢
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Table 2% Re ord of Wellsg in Greenville County, South Carolina (conlinued]
i Depth water level ':",‘,.\
? Location o (teet) |4 [Depth Sul R % g
- owner Driller @ E % % helow E'E » s E s Reaparks
: : t‘n‘ 2 ~ w §5 land Datc a - kg 2
Latitude | Longitude d - £ |az |y 3 5 2=
5| 2 face LR g
_ = “ {fcet) »
g1z (35°07'20" L2*ig'40” [.W., Piitman -- 1930 41 48 5 |mggn|siope (D |D, Pa
613 [34*50'007 bi2"20'00" |lochester, Liberty Robbling 9/53 %] 60 6 8 ggn | valley |17
MHursery
sra 3507 au” lin*q2'20" blarold Greer do 9/56 14| 84| 6 15 |mggn| vailey [ D
pls |34°50'230 b2t 2805 jtoL Qwens do 1959 125 | 75| © 16 1959 20 |gse | slope | D
616 115°05'a07 TRARRAR ,L., Cratn sputtles | 1930 165 sol 6 20 1850 mggry fiat s} Pa
517 |34°50°'05°7 hiosa2q 10" [feotsle Lenfurd Holibing 67959 18 6 G ggn | vallicy | D
618 [34°s50° 1t bio®un 20" Jobeort Martla do 12/50 ) 130 59 6 25 |%sc | slope p | Graymont
; Farms
: 019 35°05 4% M2t 17'550 ML, Cruin - 59 48 mggn] flat D D, Pa
520 [34°49°00 bzt 20040 .t Poillins Hobbing 3/50 52 [ 8 | msa riat o]
521 [34°48'30 biam200 15" |[Jimmie Rannon do 1/47 125 33| 8 1 | ma slope |5 nbd
22 [3atas 30 CPAFTIREEN Jdo o 1/47 123 13 [ 15 1947 10 | ms hill ] abd
523 [satam W2 20 AN L Walson du 6749 68 22| 6 15 1949 a5 | ms flat D
Gza |11ta9au’ Ret iy 4 Pea, Apcrurombiny o 12/17 a7 80 G 10 1947 5 ms slope D abed
525 [34756° 10 g2 2y (Mrs, BLAL Gitswo b o y /8 [ gu G RN 1918 B gsc | flat o
. 626 [34°49 30 wz°w7 10" [E.F. Palmor do 115 9| & 10 | ggn | flet p | abd
. 27 [|3s*oz'on” H2°16'0U" [Bobby Mason do 3/48 go| 60 6 R 1048 7 mggr drew D
. 28 [34"51'00 g2°20'20" [Tom Groham do 5/350 140 5 10-50 | ggn | 2iope D
i 629 [2ata1'207 52021 55" |wre, L. Garriwon do 3/60 8% & 25 | gen | flat 0
' 630 |34°50' 50" w2*16'25" |kalpn Garlisgton do 8/61 135|102 6 25 gsc | slope D
531 |34°54 1107 42®12'50" {i,l, Smith Chandler } 1958 17 241 ggn | flat p |8, Ps
g3z |39%43van” g2°24'20" [Alvin Glirceth obbing | 6734 gl BB | © [lows 25-30 | gpn | draw D |Cs
6533 [18%07'15° g2°14°'0%" [Cliffora Pace Hamllton 1962 95| 36| 6 | &0 1963 10 | mggr{ slope D | Pe
f34 13510107 @2°17'25" [WSPA-TY Southeost 1962 300 6 dry ms hill [o]
cern Co.
515 (31755107 g2°21'40 jChas. Hawking RAobbing 6/61 146 51 [ 12 gsc | nill o
636 [34°51'997 g2*14'40" [Poul Harrington do 3/61 158 51 3 2-4 ggn | slope D Pa
637 135°10°15° gz*17'25" |WSPA-TV Southecastd 1952 | 320 6 dry | ma nill c
crn Co.
GaB |234°54'35 y2*24'20" [a.%. Gerrald Robbins | 9754 | 113 [ 40 6 , 4-5 | gsc | fiet o}
G3g |3at47 50 gz*1e'20" |T.A. Stizemore do 3/50 yao| 60| 6 15.7 7/62 ms {draw p | abd
540 |34747'557 82°19°'10" |Mr. Hingson do 4/51 50 40{ 6 20 [ ms slope 5]
- ———— R ———




Table 25, Revert ol wWolly an G netlie County, Gouth Carolini lconlinued}‘ I
Depih &
Q o~ 5]
Locetlliun o {feal) :r; Depth il ¥ ag
- _ Owner priller :E - below s 3 s [l " Romarka
v P - w |9 E 1and | Dute -7 » Lo 3
= O 0w — I Er sur- o o & M
Latitwde Longltude o - b a - fece .; - 3 2 °
2| = 5% &
= o {feet -
o — N B
6541 Jatag'as’ w2tus'an’ |The Firedide Club | Koublne 4/50 75 62 ] gen | flat c Pa
642 34%52°'53%" n24210187 [Cutuling Motel o 4/50 152 10 [ 7 gac | draw c duy
641 |34°52'007 L2%20t 197 [Mass Mary Horvin do 5/60 1] a1l 6 60 ggn | slop= D
644 lnacazr2s” atpy 55T | Themus C. Japus Jo 1754 140 72 G 45-30| 1954 [20-251 BER riat [pC | Shop & 2
houbus; P2
e} RN PRIt Jevuutuu’ fhataty ol J.C. du IRV 150 PR u 1o-12 | ggn | fiet p-c | Tratler Ct
Jumues L 4 houses
eib 247391557 Latietau” |UoAL Huwelld do y/53 10} 51 6 ! pgn | flet o] Pa
6a7? 34547507 A27 171207 |ero Judkson Jdo a/61 114 au 6 12 gsc [ stope o} Pa
fas |35°00°'057 a2zl 0" |J.s. Juanus o 10/61 )19 50| ® 3 fshgn | orow B
[IRE] 4451457 v2te0t ds” rew tngluaby du VAN 1Y 77 G U 1u5s3d 25 ggn | slope o]
650 |34°d8’00” camay et ML, Kulley Jo J/60 8u U v 5-6 ggn | stope b
L51 |34747'907 L2ty 5% koot Creeh Sch. Jyo L/ 60 150 uo [ 1 ms slope P
wsz |3atsTrue’ aettoraut Lo Ly le wu 8/56 By Ly v 10 psc | stope D Pe
6551 3a*s a0’ VR AR I Liuyd du 1753 10 Ll 1 vu-15 | gsc | 1ot 4] Abd
w4 375100 vt e’ wu yu 3/53 v} e u Y gsc | flat 0
b5& |3atadras” HATIRRTE R P L a b e rwoud Ju 11/06 59 u 7-8 gun [ nil ¢} Pu
Gu6 | 3a°d48tE0” setsuul i d Littbeyoln Ju 224 U b 10 gyn | hatl o} Pa
uat 74056557 aztuutzyl P reston L1 pasuin U T/ 125 i9 ] 3 pgn| htll D Dry 1n
H sUmme -
uos luatay’ T AT AR L LA Horsw Bl Ju /50 qlu 07 L Jiy gpn | stope i des
599 4a'54'48” w2t s (Crurey Luthurn do 1/56 1ub 30 [ 5 gsc | fiat o} Pa
660 |34747'507 w2tz 3%’ M, Lunsford do 6/61 50| 25| & 12 ggn | siope ¥}
g6l 131°43'507 g2°17'007 |[Mra. JuAnn Murtin cu 7/60 102 6 25-30 | ms fiat D
G52 |3a48'i0” w2t 26 U0 Wty Horsy M1l du as50 | zus] e G 35 | ggn| slope !
663 |34°51'007 42*19 40" |Mulve Morois do 6/5%5 BY 24 H 20 ggn| fist o]
BG4 134°46'457 w225 307 [wWilltam Maxwell ao 1/61 91 50 6 15 gen | slope o]
6565 34750157 wrt2at 35" |d.8. Owders do 9/52 75 42| 8 15 | ggn| slope D
wub | 3atam0U” wat2g 10 (L. MeSweuney do 7/59 98 29 6 10 | ggn| valley o] Pa
pLT |3aTs2 507 wute7'0s" [, mCrary do /951 116 90| 6 25-30 | ggn | slope p-C| abd
b8 34t550 197 2™ 177507 |Mr. M Dunav! o 11/53 107 0| 6 48 1953 7-8 gsc | niil D
59 |s1*18' 2% g2 2o’ 4G pallips ue 10/5% 255 | 6 50 | ggn | slepe o} Pu
670 34°59° 55" g2tuat4s” [J.0, Purks uo 12/57 193| BO| B 22 1957 5 gsc | slope D
L J— A— e ——"
- e ———————
ooty St Caralin [t b

Y ST




Jror et N

o omeab e

Tatle 25, Ruetwrd ol Wells 1n Greenville Cuunly. South Carvhna (:.'ontinuud).
Depth water ievel '8.,..
Lecul 1on - (feet) ;: Depth o 3 4 %g
- Qwner Driller 35 o E balow ' E‘,E = . E y Reparks
:, 5 - ~ w 55 land Date 5 - “3
Latltudu Longltude =} - 5 |8 T |84 o . 5 2
5 | s Iace % g
= o {frel ) bt
671 [34°55'0%" ly2ezat25” [Mrs, D1t Pov RobbLLins 1/59 110 67 [ 50 1959 gsc | slope D
672 |ascoa'so” 42°15°05° [Mr. Fronlick - 2/58 168 [ 30 | mgegr drew D Pa
673 34°50'45" 42°19'50" Mrs. Alma Peurce llobblos 11/60 | 185 53 & 50 ms flat o]
G174 t34%a6'00" §2°23'407 [dohn 1. Puden do B/ 56 60 44 6 25 ggn | velley | D
5§75 3455120 g2*21° 156" [Neu 1. Dolsen o 6/61 200 64 b k] gsc | stope p Pa
676 [34°55'107 g2tiy a0’ N EL Jwese do 5/50 EK] 75] 6 sy .62 | T/6¢ gse [ nrll p | sba
677 [34754'8s” 22550 |Juck Hubbins e 5/57 10 10 6 10 1957 8 gsc ylope D
ETIREEREEAEED wz*17°10° Pirs . Leadh du 2/64 128 ] 9o 6 4 |ms hill b |R
w79 [J4"s8r20” 52°23'55" |Jor hwubins do T/61 1¢% 37 & 1 phyr{ hill D Pu
680 134750507 42161207 ik Hountrew do 9/61 110 12 [ 6 gsc | slopy D
syl 3atsatuo” gz*2y 0" [Jouk Gurde o 105 58 G 15 gsc | nill D
Gy2 (34" us 207 grtiatas” Lo, derroen do 12763 200 6 [ 12 gr 3 lopu D
Gu3 134°95'u0" w2t2y'a0” [prl1 Swmith do 8/59 130 80 [ 3-4 gse | hill D
586 134%34'357 get15' 20" (M, miene o 9/57 142 72 G 3 gr 4lopo D
687 |14%53'50" 62°21'05" |Col. Singluton o 5/52 111 44 { 6 7 1952 1 goec [ hilld b
sEB 347517057 2 1g 08" |Carlus K. Smart Jo 1/61 113 B4 [ gae [ hill D
650 (34*237°00°7 w2 16130 [Mrs . Juhn Terry Jo 5/59 118 10 ] 4 gt tlet D
g9l [d4"54'1u" gztea 20" |E.u, Tewnmeld o 12/58) 110 50| © JU 195o 20 gac [ hill D Pu
g9z [347891'au” w2t 2w hn [ae . Taylur uo /51 1ol 48 H 15 | gs¢ | valluy | D
69y |31y’ setretss” L, Phreatt o 10/55 | 141 17 L 1-8 ggn | nril 0
Gya |natssten” gl Jamen Zupun Vo 3/5% Yo ] v 7 by | velley [ D Pa
§95 |34*50'90" wetu7'us’ |Wrenn Syrucusy du 2/54 113 52 [ 15-20 | gse | slope c
Stury
bub |UaTaziou’ ety U Juvorge Mulinotd do 5/54 113 o] w 4-10 | ggn | slopw ]
697 [34°s50°' 30" g2*19 05" |Juek Calloway o 2/51 59 jo| 6 ggn | flat D
g9a |3a°30'¥5” w2°17'50" [Alten D, Southern a0 12/6¢| 200 a5 [ 10 1962 3 gr flal s} Pa
g9y [2a*30° 25" w2®14'05" fTneran E. Woods do 12/62 [s] 10 6 10,68 | 12/62 5 gr slopo o] Pa
700 [34%4a'a0” 42*19 30" {Humsgure Club do /61 120 45 8 8 ggn | slope c R
2p1 l34%4at40” |uetlutds du do 3/64 200 a8 6 15 | ggn | graw [ R
|
i
, |
. T P . N v




USE:
P = Public Supply
D = Domestic Supply

C = Commerclal Supply

I = Industrial Supply
= Stock Supply
Ir = Ircigation Supply

REMARKS :
D = Dug well

B = Bored well
R = Rock sample

abd = Abandoned well
des = destroyed well

{muntcipal water systems,

Table 25, Record of Weils 1n Greenville County,

EXFLANATION

(residential use only)

{churchesa, motels,

restaurants,

business establilshments)
in manufacturing or productlon processes)
(live stock and poultry)
{nurseries, ctc,)

(used

Ca = Complete chemical analys!s
Pa = Partial chemlcal analys:is

schools, colleges, etc.)

[1liing stations,

South Carolina (continued).

stores,

and other small

-
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THE USE OF SMALL DIAMETER PROBING EQUIPMENT FOR CONTAMINATED
SITE IKVESTIGATION
by: Thomas M. Christy and Stephen C. Spradlin

Geoprobe Systems
- Salina, Kansas

ABSTRACT

The past decade has witnessed a dramatic increase in the number of
contaminated sites being investigated in the United States. This increase
in subsurface investigation has spurred a corresponding increase in the
development of subsurface sampling tools and methods. The past five
years, in particular, have seen the development of small diameter (1" to
1.47 0.D.) percussion driven probing tools which can be used for the
recovery of soil vapor, soil core and groundwater samples. This

development has placed heretofore unavailable tools at the disposal of
gite investigators.

Hechanized, vehicle mounted soil probe systems apply both static force and
hydraulically powered percussion hammers for tool placement. Static down
forces up to 3,000 lbs combined with percussion hammers of eight (8)
horsepower continuous output are typical on equipment available to the
field investigator. Using these energies, probing tools have been used
for sampling a variety of media at depths exceeding 70 feet.

Advantages of probing equipment which have contributed to its increasing
usage in recent years include: ease of mocbilizaticn, absence of borehole

cuttings, minimization of surface disturbance, and speed of sample
collection.

This paper focuses on the field application of hydraulic probing equipment
including: the suitability of probing operations with respect to various
soil types and lithologies to probing cperations; sampler types and

recovery quantities for various media, and innovative probing applications
presently being tested.

INTRODUCTION

The purpose of this paper is to discuss the use of hydraulically powered
soil probing equipment for soil vapor, soil core, and groundwater sampling

applications, particularly as they relate to environmental site
investigations.

Drilling equipment capable of cutting and removing soil and rock matter
while advancing a borehole are the principal tools historically employed
for subsurface investigation in the United States. These tools, developed
originally for investigation of soil mechanical properties or for the
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purpose of installing water supply wells, have made a successful .
transition into the environmental arena. The past five years have seen
the development of probing toeols for use on certain environmental site
investigation tasks previously accomplished with drilling.

In contrast to drilling techniques, probing tools do not remove cuttings
from the bore hcle, but rather depend on compressicn of soil or

rearrangement of soil particles to permit entry and advancement of the
tool string.

Although we know of no codificaticn of the term "scil probing"” cor "probing
tools", both terms shall be used in this paper to refer to samplers and
tools which are driven into the ground using percussive action. This
distinction will serve to separate soil prebing tools from cone
penetrometers or sampling penetrometers which rely on static force alone
for advancement of the tool string.

-
.

This paper will discuss the capabilities of hydraulic percussion probing
machines and the tools used for sampling various media.

EQUIPMENT CONFIGURATIONS

In order to understand the use of soil probing toecls for sampling purposes
it is helpful to understand configqurations in which this eguipment 1is
deplcocyed and available to the field practitioner.

S5teel probes driven into the ground using apparatus mounted in cargo vans
have been previously discussed by Thompson and HMarrin (1984, 1987),
Tillman (1989), Schubring (1989), Joyner and Thomsen (1990), Howe and
Gapinske (1991), and others. Typically, a hydraulic probing device 1is
mounted in the back of a pick-up truck or cargo van as shown in Figure I.
A prcbe unit mounted in a cargo van with an on-board laboratory is shown
in Figure II. ©Other vehicles such as the Chevrolet Suburban shown in
Figure I1I are also employed.

There are several factors which field investigators consider in selecting
a carrier vehicle. Most investigators combine some form of field
analytical capability with their probing unit and therefore require
laboratory work space within the vehicle. It is also desirable to provide
a secure enclosure for the hydraulic probe unit and tools. All cof the
vehicles shown in Figures I, II, and III use hydraulic pumps belt-driven
by the vehicle engine to provide power to the probing unit. However,
auxiliary engine type probe units are also in use.

One function of the carrier vehicle is to provide static weight for
advancement of the probing tools. 1In practice, probing tools are advanced
as far as possible using only the static weight of the carrier vehicle.
Potential static forces applied by variocus carrier vehicles are shown on
Figure IV. As can be seen from this figure, applied static force varies
with the weight and cargo of the carrier as well as the distance that the
probe unit is positioned from the carrier. This static force is often
sufficient to advance a one (1) inch diameter tool string to depths of 20
feet in soils consisting of silts or low friction clayey silts.

Greater depth is achieved using the combined effect of the vehicle weight
and hydraulic hammer percussion. Although various hammer configurations
have been used in the field, the most common in use today applies an
impulse force of 600 to 1200 pounds to the top of the probing tool string
at a frecquency of 30 Hz.

{chopnﬂn:Sysuuns ” 2




r;l"“'"'“ . [

F=m

PROZE N EXTENDED

FOLD MECHAN 15U {Hﬁ”w
P enmmh— I — —_—
PRO3C IN FOLDED
POSTION FOR
TRANSPORT
s
_______________________ |; T /
O : -

PERCUS 10N

PUSH AHD
RETRACT
O IHOER

0D,
PRO3E ROD

-

FIGURE I.

FIGURE II.

FIGURE III.

Hydraulic Probing Device Mounted
in Cargo Van

Cargo Van with On-beoard Laboratory and
Hydraulic Soil Probe

D Bt AN

Probe Unit Mounted in Chevrolet Suburban

ﬂ Geoprobe Systems ”



|
3
3
\

Percussion is often required when probing near the ground surface to
penetrate hard packed s0il and gravel zones. The probe is then allowed to
penetrate using only static force until refusal is again encountered, at
which time percussion is reapplied. Percussion is applied as required
when probing through sands, gravels, hard pans, high friction clays,
tills, fill materials, and surface frost. Advancement of probing tools

beyond a depth of 24 feet without the use of percussion is rare in all
geologic settings.

Prediction of refusal depth for probing tools is difficult. The
percussive action of these probing units depends upon a rearrangement of
vibrated socil particles in order to allow entry of the probe. Hence,
cemented soils or rock are unsuitable for probing applications. Soils
containing cobbles are often penetrated until a large or immovable rock is
encountered. Probes will often glance off of cobbles and percussicn can

cometimes break smaller stones but larger boulders have essentially the
same effect as bedrock.

-

Figure V shows penetration rates for probing to 30 feet in an alluvial
setting using a Geoprobe 8-M eguipped with 1 in. 0.D. tools and a 1.10 in.
O0.D. conical point. Penetration rates shown on Figure Vv do not include
the time to add probe rods to the tool string or to reposition the probing
unit. The soils encountered in this instance required percussion driving
of the probe rods the entire 30 feet. Total depth was achieved in 15
minutes. In practice, operators report prebing to 20 feet and removing the
tool string in a total time of 10 to 20 minutes. Soils which permit

penetration rates of less than 1 ft. per minute would be classified as
refusal material by most operators.

Sampling to 30 feet using probing units is common. Several operators have
reported sampling to depths greater than 50 feet. One operator reported

vapor sampling to 75 feet in an eolian silt using 1 inch diameter probe
rods.

SQIL VAPOR SAMPLING

Driven probes have been used for
investigations but their current
began with the widespread use of soil vapor analysis for site

investigation applications. The authors estimate that up to 50 percent of

the work performed with hydraulic probing units involves soil vapor
sampling.

decades in preliminary foundation
popularity in the environmental field

Several different configurations of vapor sampling tocls are currently in
use in the United States. Three such configurations are shown on Figure
VvI. Tip arrangement {A) is the most commonly used cf these three. In
this arrangement, the probing string is pulled back, disengaging the
expendable point and providing an open passage for vapor flow up the probe
rods in response to an applied vacuum. Configuration (B) operates on the

same principle as (A}, with the exception that it utilizes a retractable
peint.

The system shown in (C) can actually be used with either an expendable or
a retractable point. The major difference in this system is that it
allows the attachment of low internal volume tubing to the vapor sampling
point. This tubing is added to the probing rods after the rods have been
driven to depth and pulled back to remcve the drive point.
materials for use in this applicaticn include Teflon, stainless steel, or
polyethylene. The sorption characteristics of certain tubings may not
permit their application in all circumstances.

Tubing

The major advantage of an

[chopnﬂu:SySUﬂns "
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inner tubing system is the low pPurge volume offered; from 2.5 to 15.1
ml/ft as opposed to 33 ml/ft for open probe rod. Inner tubing further
serves as a continuous, non leaking, conduit which assures that the vapor

sample of interest originated at the targeted sample depth rather than at
the depth of intermittent rod joints.

The high pressure at the probe tip combined with the vibration of
percussion hammer may serve to liquefy soils having high moisture
contents. This may result in the flow of liquefied soils from the high
pressure region near the tip to the inside of the rod. In fact, soils may
flow to fill several feet of probe rod. For this reason it is sometimes
desirable to equip the drive point with an O-ring gland seal. This
measure is effective in sealing the probe rod end, though it may require
removal of the drive point using an inner rod down the bore of the probe
rods once the desired sampling depth has been achieved.

Once the proper depth has been achieved and the tip of the probe rod
opened, a vacuum is applied to the surface end of the sampling string.
Vadose 20ne soils are found to exhibit considerable variation in their
respense to applied vacuum. Table I shows the respense of alluvial soils
when subjected to an initial wvacuum pressure of 21 inches Hg. In all
cases, the probe rod was pulled back 0.5 inches from the probe tip, 1
liter of sample was collected into an evacuated tank, then a valve between
the tank and the probe was closed and the probe rod allowed to recover to
atmospheric pressure (column E}. The maximum 1line pressure observed at
the probe rod during purging is shown in column (D).

TABLE I
SOIL RESPONSE TO APPLIED VACUUM
(A} (B) (C) {D) {E)

TIME TO MAX. LINE RECOVERY

DEPTH COLLECT 1 1. VACUUM PRESS. TIME
POINT (fr.) {min:sec) {in Hg} (min:sec)
A 4 102 0 < :01
B 9 :02 9.5 < :01
C 11 : 03 1 < :01
D 16.5 129 20 < 1]
E 24 7:28 20 7:00

High clay content combined with high moisture content is responsible for
the low air permeabilities observed in some soils.

times as shown with point E in the table above can b
field samplers.

Extended sampling

e troublesome for

Even minor leakage in the sampling train become
significant when exposed to high vacuums for extended periocds. It is
common to find soils which will not yield vapor. It is therefore critical
that the sampler be equipped to check the sampling train for leakage and
to measure with certainty the flow of vaper from the probe.

In cases where soils do not yield vapor to the applied vacuum, the sampler
may respond by either increasing pullback of the probe rod from the tip in
order to expose greater surface area or more permeable zones, or apply a
greater vacuum pressure. Alternately, it may be advisable to use the

probe to obtain a soil sample at the location and determine the presence
of contamination through soil analysis.

The concentration of contaminants in soil vapor is found to vary with
purge volume. 1In practice it is common to select one purge volume,
evacuate that purge volume, and then obtain a sample.
have reported connecting a vacuum pump and pumping for
period, in which case purge volume will vary.

Other investigators
a fixed time
Figures VII and VIII
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present data for extended purging and analysis at two separate vapor
sampling points. in both cases, 250 ml purge volumes were removed from
the sample point and a syringe sample obtained for analysis of toluene by
GC/PID. Following completion of the analysis, a period of about 12
minutes, 250 ml of vapor was again purged from the system and the analysis

repeated. The internal volume of the sampling train in both cases was
estimated to be 175 ml.

These fiqures illustrate the wid

e variation in soil vapor concentrations
which are typical of repea

ted soil vapor sampling at a given point.
occurrence of the highest concentration at the initial purge may be the
result of phase transformation and storage depletion in the soil in
closest proximity to the sample hole. Soil at the wall of the probe hole
will experience the greatest change in pressure due toO sampling, and
presumably the greatest shift in the phase distribution of contaminants.

soIL SAMPLING )

Unlike conventional drilling techniques, probing tools do not offer an
open borehole into which open soil samplers can be inserted to obtain soil
samples at depth. Therefore, special technigues and tools have been

developed in order to push a closed sampler to depth, open the sampler,
and obtain a discrete soil sample. -

small guantities of coil have frequently been obtained by probe operators
by simply disengaging an expendable point at the target depth {Figure VI).
pulling back 3 to 6 inches On the probe rods, and then redriving the rods.
In this case the end of the rod is simply filled with soil that has
collapsed into the open hole or is cut from the wall of the hole.
application of this technique is limited by the small quantity recovered

removing the sample from the end of the probe rod can be a bothersome
task.

The recovery of larger volumes of soil samples at depth has been made
possible by the development of the ~probe-Drive Sampler™ by Geoprobe
systems in 1989. A patent for this device, which is shown in Figure IX, 1s
pending. This sampler serves as both the driving point and the sample

collection device. The sequence of operation of this sampler is also
cshown in Figure IX.

The Probe-Drive Sampler is simply attached to the leading end of the prche
rod and driven into the subsurface. The threaded stop-pin in the trailing
end of the sampler assembly prevent

s the piston tip and piston rod from
sliding into the sample collection tube as the assembly is being driven to

depth. At the desired sampling depth, the stop-pln, which is threaded
into the drive head of the sampler assembly, 1is removed using extension
rods inserted down the inside diameter of the probe rods. After the stop~™
pin has been removed, the sampler is again driven forward, this time
collecting soil in the sample tube as the piston retracts. The assembly

is then brought back to the surface and the soil sample extruded for
analysis.

These samplers can be used to any depth that soil conditions will permit
penetration by probing tools. Operators routinely use them to collect
discrete samples at depths of thirty feet

or more. There are three
varieties of the sampler, each performing a slightly different task
related to volume, regulatory compliance, ©Or soil type. One design
features a 1.125 in. 0.D. steel thin wall

rube with a built-in cutting
long % .96" diameter (106 ml)
les used for field screening-

edge. It collects a sample that is B.757
and is used primarily for collecting samp

[chopnﬁn:Sysuuns
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This sampler performs best in relatively soft soils. Another variety
features a 1.3 in. O.D. stainless steel sample collection tube and a
removable hardened cutting shoe. It collects a sample that is a full 12”
long X 1" diameter {158 ml} and is used when the protocol calls for
stainless steel. It is well suited for use in rockier soils because of
its hardened cutting shoe. The last variety of sampler available is
larger {1.44 in. 0."D.) than the others and uses either brass or acetate
liners. It also has a removable hardened cutting shoe and recovers a
sample that is 24" long X 1-1/8" in diameter (400 ml). It is used for
protocols that require a larger volume of sample such as for TFH or heavy
metals. This sampler is also used when visual logging of the soils is

important. Again, the hardened cutting shoe makes this sampler suitable
for use in rockier soils.

The forte of the Probe-Drive samplers is in providing operators with
discrete soil samples that are relatively undisturbed. Operators can take
samples at several different depths at the same location by re-entering
the borehole each time a new sample is to be collected and driving the -
sampler to the next sampling interval. Vertical profiling of
contamination is routinely accomplished in this manner. Continucus cores
have been successfully collected using the same manner and utilizing the
largest probe-drive sampler with the removable liner. In one such
operation, a continuous <ore was collected from the surface to a depth of
18 feet through clays and silts in less than an hour and a half using the -

hydraulic probe. This required the sampling procedure to be repeated a
total of nine times until total depth was achieved.

GROUNDWATER SAMPLING

Driven well points have a long history of use in groundwater extraction.
Modern, hydraulically powered probe units are used in much the same
manner, except using smaller diameter tools. Past use of percussion
driven probes for groundwater sampling has been limited by several
factors, chief among these being the suitability of the probe rad
materials to withstand the prelenged percussion reguired to drive samplers
to the water table. The operator was limited to sampling groundwater that
was conveniently near the surface and in suitable materials. However,
materials of construction have now improved to the extent that operators

routinely sample groundwater at depths exceeding 30 feet with good
success.

Two commonly employed methods of groundwater sampling are shown in Figure
X. Configuration (A} simply uses an expendable point which is left off to
expose the open bore of the probe rod. The rod is allowed ta fill with
formation water. Tubing with a bottom check valve is inserted down the
bore of the probe rod. This inner tubing is oscillated up and down in
rapid 6 to 8 inch strokes to produce a momentum pumping action. In most
cases, a few feet of the tubing is filled and removed from the probe rods
for collection of the sample. 1In cases where the probe rod penetrates
permeable materials and the water table is shallow {approximately 12 feet

or less), the pumping action of the inner tubing may be sufficient to lift
sample to ground surface.

Configuration (B) shows a mill slotted well point. This open slotted tool
is driven from ground surface into the water table where an inner tubing
or smaller diameter bailer is inserted and samples collected as described
above. The chief limitation of this tool is that the open slots for water
sampling cannot be closed during probe driving,

it is therefor subject tO
cross contamination by soils in the vadose zone.

[choprochysuuns
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Peristaltic pumps have been used successively to obtain groundwater
samples using both probe configurztions. It should be noted that both

tools must be driven 3 to 5 ft. below the water table in order to obtain a
groundwater sample.

An example of groundwater monitoring using these probes is shown in Figure
XI. In this case groundwater samples were cbtained for analysis of
nitrates and pesticides using an expendable point arrangement.
depth varied with topography from 20 to 36 ft. Samplers were driven using
a hydraulic probe. Encountered lithology consisted of Wisconsinian
terrace deposits of clayey silts and fine sands. Approximately 500 ml of

sample were recovered at each loczticn. Up to twelve locations were
sampled in a working day.

Sample

SOIL CONDUCTIVITY PROFILING

Another promising use for percussion driven soil probes is the measurement
of soil conductivity profiles. Soil conductivity is the inverse of soil
resistivity, a property routinely measured in environmental site

investigations using surface resistivity techniques, EM surveys (apparent
resistivity)}, or borehole geophysics.

50il conductivity measurements with driven probes are accomplished by
driving a probe equipped with a Wenner type electrode array into the
ground. This application of driven probes is complicated by the need to
isolate the electrodes of the measuring array from the solid shaft of the
probe rods with a material that will withstand both the vibration of the
percussion probe and abrasion cf encountered soils.

A conductivity profile made using an experimental probe for a 48 ft.
sounding in alluvial materials is shown in Figure XII. Conductivity
measurements of this type demcnstrate potential for utility in determining

the continuity of soil layers or completing or enhancing stratigraphic
information between bore holes.

SUMMARY

In the environmental field, probing can be an alternative to traditional,
more intrusive, subsurface investigation methods. Unlike drilling,
probing produces no cuttings, and obtain samples through probe holes only
1 to 1.5 inches in diameter. Hydraulic probing machines such as the ones
discussed in this paper achieve penetration by compression and
rearrangement of soil by utilizing the static force of the carrier vehicle
and hydraulic percussion. Using static force alone, probes have been
successfully pushed to depths of cver twenty feet in some soils. By

applying percussicn to the static force, probes have been driven in excess
of seventy feet deep.

Equipment can be rapidly mobilized to the site using an inconspicuous
carrier vehicle which is usually a panel van or a pick-up truck.
equipped with the appropriate sampling tips,
collect soil samples, groundwater samples, and soil vapor samples using a
hydraulic probing machine. Operators have reported collecting up to 15
groundwater samples, up to 30 soil samples, or up to 40 soil vapor
samples in one day. Preoducticen rates are found to vary with soil
conditions and the reqguired depth of sampling. The development of small
diameter probing equipment and technigues have given the environmental

industry another set of tools to use in the characterization of site
contamination.

When
operateors have the ability to

[l(icoprobc Systems 7
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November 7, 1994

Ms. Mary Anderson 4365A
Environmental Quality Manager

Appalachia II District

Environmental Quality Control

301 University Ridge

Suite 5800

Greenville, SC 29601

RE: Addendum to Workplan: Soil, Sediment
and Groundwater Sampling; CSX/Vaughn

Landfill;: CSX Transportation; Greenville SC

Dear Ms. Anderson:

On behalf of Mr. Marshall Williams and CSX Transportation, AES thanks you for the
opportunity to meet with you last week to discuss the proposed workplan for the
collection of soil and water samples at the CSX/Vaughn Landfill on Bramlette Road in

Greenville. Following is a summary of changes or additions to the workplan suggested
by DHEC and AES’ response:

DHEC - A sample of the sludge-like material in the wetland should be
collected and analysis performed to determine the composition,
characteristics, and possible origin of the material

AES - A sample of the sludge-like material will be collected from the
wetland east of the landfill material. This sample will be designated WE003

and will be analyzed for TPH, VOCs, Semi-volatiles, RCRA metals, and
PCBs.

DHEC - Include PCB analysis for all samples collected
AES - Agreed

DHEC - Include TPH analysis for the soil and surface water samples
collected in the wetlands adjacent to the landfill material. DHEC prefers a



method of TPH analysis other than 418.1

AES - TPH analysis will be performed on all soil and water samples
collected in the wetlands. EPA Method 413.1 will be requested as the
laboratory analytical method

. DHEC - Semi-volatile analysis is not necessary for all samples collected
from the landfill but should be included in analyses of the wetland soil and
water samples

AES - Semi-volatile analysis will be performed on those samples collected
from the wetland sediments and waters.

. DHEC - At least two soil samples should be collected in the wetland at the
south end of the landfill to assess horizontal extent

AES - Two samples will be collected from the soils in the wetland south of
the landfill material. Those samples will be designated WS001 and WS002

and will be analyzed for TPH, VOCs, Semi-volatiles, RCRA metals, and
PCB:s.

Table 1 summarizes the sample IDs including the additional samples to be collected, the
sample type (soil or water), and the analyses to be performed on each sample. Figure 1
indicates the location of each sample to be collected except those sediment samples to be
collected in the wetlands. Wetland sediment samples will be collected based on field
observations and screening during field operations. The actual location of sediment

sample collection points will be noted on a scaled drawing to be included in a report of
findings to DHEC.

As noted in Table 1, AES proposes to field screen those soil samples collected from the
landfill for Volatile Organics using a photoionization device or other field screening
device. Only those samples testing positive will be analyzed in the laboratory for VOCs,
RCRA metals and PCB analysis will be performed on all landfill soil samples. Landfill
groundwater samples will be analyzed for VOCs, RCRA metals, and PCBs. All wetland

samples collected will be analyzed by the laboratory for VOCs as well as the other
parameters noted in Table 1.

The original workplan stated that groundwater samples would be collected at all thirty
three sample locations in the landfill. After further consideration, AES feels that this is
unnecessary and proposes to collect groundwater samples from seven locations as

designated on Figure 1. In this preliminary investigation, these seven locations should be
adequate to assess impact to groundwater from the landfilling activities.



Thank you for your consideration of this addendum. If you have any questions, please
. call me at (404) 454-1810.

Sincerely,

Dave Butler
Project Manager

Enclosures

cC: Marshall Williams/CSX
Charles Bristow/DHEC

csxis-carolivgnvlelwaughn. |fwkplan.add
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South Carolina e Apqalachia 1T Serving

Envicuvnmental Chuality Control Greenville and Pickent Counties
301 University Ridge, Suim 5800
Greenville, SC 29601-3677

. R03-241-1090 Fax: 803-241-1092

Dopartrment of Health and Emnvionmontnl Controt

Promating Health, Pratecting the Environment

May 11, 1995

Mr. Marshall Williams

CSX Railroad

6737 Southpoint Drive South
Suite 100

lacksonville, FL. 32216

Re:  Vaughn Landfill/CSX Real Property
Bramlette Road Property
Greenville County

Dear Mr. Williams:

Our office has received and reviewed your consultant’s report on the above referenced
site (Applied Engineering & Science, Site Investigation, March, 1995). We appreciate your
expedient assessment and hope to facilitate continued investigation at the site.

. After reviewing the Site Investigation we agree that further assessment at the site is
necessary. The information gathered to date suggests that soils and groundwaicr at the site are
being impacted by the tar substance identified at the site. Please prepare a Work Plan that will
provide the informarion necessary to determine if remedial action is necessary at the site and if

s0, what form should it take. The work plan should provide for flexibility to be modified as the
assessment proceeds.

Objectives for this workplan should include:

1) Determine the extent of the tar substance.

2) Determine the source of the tar substance.

3) Determine the vertical and horizontal extent of groundwater contamination.
4) Determine pathways of contamination migration to possible receptors.

5) Assess location LF0O24 for the source of heavy metals contamination.

0) Develop a site characterization including soils, geology, hydrology, and hydrogeology.

This workplan should be submitted to this office within 30 days of rccciving this lener. If a
problem meeting this timeframe develops, or if you have any questions, please contact me at

{(803) 241-1090.
Singerely, -
Chfff’/'ﬁf/w&

. Appalzachia 1T BQC
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SOUth Car0|ina——— App?lachia II SerViug ] )
Environmental Quality Control Greenville and Pickens Counties

30! University Ridge, Suite 5800
Greenville, SC 29601-3677
. $03-241-1090  Fax: 803-241-1092

Department of Health and Environmental Control

Promoting Health, Protecting the Environment

November 21, 1995
Mr. Dave Butler A -
Applied Engineering & Science R
2261 Perimeter Park Drive, Suite 1 N
Atlanta, GA 30341 Joo
Re:  Worklan for CS§X/Vaughn Landfill dated August 1995

Dear Mr. Butler:

This office has reviewed the referenced workplan, and it is approved with ‘Ehe following comments.

(1)  When the Tar Substance delineation work is performed north of Bramlette Road, groundwater sampling
should be integrated with the soil sampling. Data collected could be used to help establish if permanent
.groundwater monitoring wells are needed in that area.

(2) The workplan is general in nature to allow flexabibility during the assessment. During implementation
of the field work, this office should be kept updated with specific information concerning the assessment. For
example, what methods will be employed to determine contaminant migration off-site in the Section, Contaminant
Pathways.

Attached is a monitoring well approval, which will also cover any GeoProbe or temporary monitoring
well installation at the site. Please note that the conditions are a part of the well approval.

If you have any questions please contact me at (803) 241-1090.

Sincerely,

3 ,

Charles Bristow, Hydrogeologist
Appalachia II EQC




SOUth Caro‘lna— APPBIaChia II Serving
Environmental Quality Control Greenville and  Pickens
Counties

. 301 University Ridge, Suite 5800
Greenville, SC 29601-3677

I e —
Department of Health and Environmental Control 803-241-1090 Fax: 803-241-1092

Promoting Health, Protecting the Environment

MONITORING WELL APPROVAL

Approval is hereby granted to: Mr. Dave Butler
Applied Engineering & Science
2261 Perimeter Park Drive, Suite 1
Atlanta, GA 30341

. Location: CSX/Vaughn Landfill
Greenville, South Carolina

For the construction of at least six monitoring wells in accordance
with the location, construction plans and specifications described in
the August Workplan except as revised by the conditions listed below.
The wells (except MW-3D) will be installed to bracket the upper
saturated surface of the surficial aquifer for the purpose of
assessing the ground water quality at the referenced site. Well MW-
3D will be screened below a clay unit, or at a depth of 30 feet,
whichever is encountered first.

If neCessary, temporary wells or a GeoProbe will be used to screen
for contamination north of Bramlett Road. The wells should be
abandoned in less than 48 hours, or up-graded to permanent wells.

The boreholes should be grouted from total depth, to the ground
. surface during abandonment.

Conditions:

1} The latitude, longitude and actual construction details will be



submitted to the Department within 30 days from completion of the
field work.

2) All water quality measurements and analytical data obtained frowm
the wells will be submitted to the department within 30 days upon
receipt from the laboratory.

3) All wells construction must be performed by a South Carclina
certified well driller.

4) Well construction and sampling derived waste including, but not
necessarily limited to, drill cuttings, drilling fluids, development
and purge water should be managed properly and in compliance with
applicable requirements. If containerized, each vessel should be
clearly labeled with regard to contents, source, and date of activity

5) Charles Bristow, in the Appalachia II District Office, should be
notified a minimum of 48 hours prior to initiating field activities.

This well approval is pursuant to the provisions of Section 44-55-40
of the 1976 South Carolina Code of Laws and the Department of Health
and Environmental Control's Regulations R.61-71. It is wvalid up to
sixty days after the date of issue.

’ . - /'
Date of Issue: /7"¢f7 ?E?

- 2
Yy wi
2 P

Charles Bristow
Hydrogeologlist
Appalachia II EQC

cc. Jim Hess, Manager, Assessment & Development, GWPD
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DHEC ~

Department of Heafth and Envionmemsl Conerol

MEMORANDUM

To: Charles Bristow, Hydrogeologist
Appalachia II District EQC

From: Tom Knight, PG, Manager (?7
Geohydrologic Section
Water Quality Assessment and Enforcement Division

Date: February 5, 1996

ne: CBXT {Bramlette R3. Cite)
Assessment Report (3/95)
Assessment Proposal (8/95)
Greenville County

The reference submittals have been reviewed and I agree with
the recommendations. The following comments are provided for your
consideration:

Assessment Report

- The proposed actions for the landfill should be implemented
unless additional actions are necessary for the tar substance.

\. *-jﬂb - The source of the methylene chloride needs to be identified.

—>

Proposal

- I agreed with the proposed assessment.

- I recommend that the approval of the monitoring wells be
open ended so that CSXT can define the upgradient source area(s) .
Source determination/characterization should be a high priority.

- The vertical extent assessment should extend into the
transition zone due do its potential hydraulic characteristics
(i.e. potentially greater permeability that the saprolite).

- In potential scurce areas associated with the Coal
Gasification Plant residuals (and possibly handling areas), I
recommend that the groundwater be evaluated for the potential
presence of DNAPL comprised of creosote.

- Cover should be established for the landfill as soom~as ig =<
feasible. N :



1

Bramlette Road Site Memo.
February 5, 1996
Page Two

- Due to the presence of gypsum board iﬁ the landfill debris,
groundwater should be sampled for sulfate.

- I recommend that MW-2 be moved into the area of free product
hydrocarbons.

- In evaluating exposure pathways, any potential toxic effects
to biota, including in the wetland areas should be evaluated.

If you have any questions, please contact me at {803) 734-
5227.

cc: Doug Johns
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I. INTRODUCTION

Applied Engineering and Science, Inc. (AES), on behalf of CSX Transportation, Inc.
(CSXT), submitted to the South Carolina Department of Health and Environmental

Control (SCDHEC) a report entitled Site Investigation: Soil, Sediment, and Groundwater

Sampling: Vaughn Landfill, CSX Real Property in March 1995. The report included

background information and results of a site investigation conducted in February 1995 by
AES on CSXT property located on Bramlette Road in Greenville. The site had been used
as an unpermitted landfill by Vaughn Construction and Demolition Company of

Greenville. The results and recommendations of the report are summarized below.

"Approximately seven acres of floodplain of the Reedy River have been filled with
demolition debris and yard waste to a depth of up to I 4 feet. Excavations through the fill
and borings advanced through the fill into the underlying native soils revealed the
presence of a tar-like substance at the fill/soil interface. Additional hand auger samples

collected in the surrounding floodplain soils also contained tars.

Laboratory analysis of the samples indicated a band of volatile and semi-volatile
contamination in soils trending northeast to southwest through the fill. This band extends
from the floodplain northeast of the fill through the northern half of the fill material,

through the southwest corner of the fill, and into the floodplain southwest of the landfill.

I-1



Groundwater was encountered at or below the native soil surface. Three groundwater
samples contained elevated levels of volatile and semi-volatile compounds. Impacted
groundwater was found along the west side of the landfill and likely extends west in the

suspected downgradient direction toward the Reedy River.

Elevated levels of lead were revealed in soil samples throughout the site. Metals levels
in sample LF024 were especially high. Groundwater metals levels were below MCLs
except for arsenic slightly over MCLs in one sample and lead slightly over MCLs in two

samples. Several surface water samples contained metals levels which slightly exceeded

MClLs.

No source of metals, VOC, or semi-VOC contamination was identified in the landfill
materials. Volatile and semi-volatile compounds appear to be the result of the tar-like
substance which lies in native soils below the fill. No source for the tars was found;
however, a coal gasification plant operated across Bramlette road northeast of the site
until the 1960s. Semi-volatile compounds identified during the landfill investigation are

consistent with those produced during coal gasification processes.

AES recommends the installation of monitoring wells to assess the vertical and horizontal

extent of groundwater contamination. A minimum of six wells is recommended.

1-2



Additional soil sampling should be conducted to assess the extent of the tar substance and

to assess a possible source.

Location LF024 should be excavated to assess the source of heavy metals contamination

at that location.

The south end of the landfill should be covered with clean soil to control odors and
vermin, to keep debris from blowing away, and to improve appearances. An impermeable
cap is not recommended for this landfill. Because the water table is at or close to the

surface, water flows beneath and through the base of the fill. A cap would not prevent

this type of infiltration.”

In a letter to CSXT dated May 11, 1995, DHEC responded to the above referenced report
and requested a workplan be submitted for further assessment at the site (DHEC letter,

Appendix A). The letter requests further information on the following:

1) The extent of the tar substance

2) The source of the tar substance

3) The vertical and horizontal extent of groundwater contamination
4) Pathways of contaminant migration to possible receptors

5) The source of heavy metals contamination at location LF024

I-3



6) A site characterization including soils, geology, hydrology, and

hydrogeology

This workplan has been prepared to address the concerns listed above and will outline

proposed methods, expected results, and a schedule of events.



II. FIELD ACTIVITIES

Proposed field activities have been divided into six separate tasks which address the

concerns raised by DHEC.

A. Extent of the Tar Substance

The tar-like substance identified during the initial investigation appeared to lie within the
natural surface soils below the landfill materials and in parts of the floodplain adjacent to

the fill.

East of the fill material, the substance was present in sample WEOO1 but was absent in
sample WE002. Several hand auger samples will be collected in the area of WE001 and
field screened both visually and with an organic vapor analyzer (FID, etc.). Once it
appears the limits of the tar substance have been identified, confirmatory samples will be

co