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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 11 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 DREC .

AES completed Phase I of the investigation in February 1995 and submitted a report of
findings to DHEC in March 1995 . During Phase 1, 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 comer 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

is

under Bramlette Road and dispersed into the floodplain . The heavy coal tar settled in low

i
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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 11 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 11 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 deter-mined because it could provide a pathway for surface

je- contamination into the subsurface .

ii
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1. 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 11 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 CS)(T 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 right-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 comer of this property .

1-2
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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 strongpetroleum

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

1-3
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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 .

I . 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

1-4
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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 comer 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 .

1-5
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The report of Phase I findings was entitled Site Investigation; Soil, Sediment, and

Groundwater Sampling; Vaughn Landjill, CSX Real Property, AES, March 1995 .

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 11 - Following the review of the Phase I report, DHEC requested additional

assessment of the CSXT properties including the following :

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 contaminant migration to possible receptors .

5) Assess location LF024 for the source of heavy metals contamination .

6) 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

1-6
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November, 1995 . Copies of the DHEC correspondence are included in Appendix

C. A copy of the Phase 11 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, DFIEC Greenville ; and Tom Knight, Manager

Geohydrologic Section, DHEC Columbia. Several changes and additions to the

Phase 11 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-31) . 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 .

1-7
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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 . D14EC

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 11 field activities including well

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

1-8
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11. SITE CRARACTERIZATION

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

formally delineated by the Corps ofEngineers) 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

11-1
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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

usually 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

11-2
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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 should 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 I 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

11-3
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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 Bramlette 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 .

11-4
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Runoff 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 I 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 failing 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 les s

10
apparent than in the northeast sector . Precipitation falling on the extreme
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southwest comer of the DP Site flows west off the site and enters Ditch I which

flows west along Bramlette Road .

2 . NB Site - Ditch I 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 . Vaulzhn Landfill 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 Bramlette 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 landfill joining the flow of Ditch 4 .
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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 CSA7

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 comer 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
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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 rill 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 .
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E. Biological Survey

A biological survey was requested by DREC following approval of the original workplan

for Phase 11 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
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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.
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111. 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 11 were chosen based on the results of the February 1995

Phase I 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 Sit e

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 I on Figure 6 includes a summary of the

laboratory analytical results of each 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 DPIA indicated several volatile and semi-volatile

compounds including PAHs 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 DP14 was collected east of the gas holder foundation and field screened . Nocoal

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 trichloroethene (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 PAI-Is .
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Notably absent from the analytical reports during Phase 11 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 1, 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

'Me 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 I 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 I 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 I (NB I and NB2) and south of the

is
ditch just west of the DP Site (N133 and N134) . 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

N138 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.

NB I 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 ugikg .

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 N139 were advanced by hand auger within and along the length of

Ditch I from west of the DP Site fence to the culvert at Bramlette Road. Coal tar was

identified by field screening in all samples . Sample N138 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 N138 and other soil samples is included in

Table I - VOC and SVOC Compounds in Soil Samples which is included on Figure

6 . Complete data summaries and laboratory analytical reports are included in Appendix

G - Laboratory Analytical Reports.

The presence of coal tar substances in Ditch I 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 WE00 I, 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

landfill revealed the presence of coal tar compounds. Samples collected during Phase 11

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 WW I 0,

WWI I, 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 WWI 0, WWI 1, 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 It . 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 comer 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 WWO02 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 fi-om 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 WW II, 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 WW12 was collected in the ditch approximately 240 feet

south of WW II . No coal tar was observed in WW I 2 and laboratory analysis indicated

no coal tar compounds present . An intermediate boring between WW II and WW 12

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 comers of the site . The NB Site contained coal tar in Ditch I 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 comer 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 111 . Coal tars were

found in an area as highlighted in Figure 5 .

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 containe d

0
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 Bramlette 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 aerial photographs that the

source of the coal tar is the former Duke Power coal gasification plant at the comer of

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

Eight monitoring wells were installed during Phase 11 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 1) 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 DREC. 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 .

I . 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 (DP I) had revealed coal tar in the soil from the surface to

the water table at approximately 6 feet . During the drilling of the well, 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 DP I A and sent to the

laboratory for analysis (see Section III-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 I 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 I hour. Fifty gallons of groundwater were removed and

stored in a 55-gallon drum .

2. MW-I - MW-I was installed in the northeast comer 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- I are the same as for MW-7 with a I0-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-

I 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 I I feet . Silty sand was found from I I

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- I 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 landfill north of the ditch which bisects the fill material . During construction
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of MW-31), it was discovered that the clay layer below the fill extended to

approximately 15 feet where a silty 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 cementfbentonite 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-31) - NM-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 .

6 . 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 I 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 I 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 I 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

V-6



Phase 11 Site hwestigation AFS August 1996

CSX Tramporlatio n

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 . 'Me 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 cement/bentonite

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 I

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

scaled 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 feet topped by a I foot thick bentonite seal and I foot of

cementfbentonite 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 Samplin g

I . 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-31) . Ground surface at MW-31)

is the top of the landfill, which is approximately I I 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 Result s

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 11

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- I - Several semi-volatile compounds were reported in the groundwater sample

collected from MW-I including acenapthene, fluorene, 2-methylnapthalene,

napthalene (4,600 ug/1), 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 ug/1), 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-methyinapthalene,napthalene(15,000ug/1),

and phenanthrene . The concentration of benzene (160 ug/1) exceeded the MCL (5

ug/1) . Sulfate was reported at 640 mg/l .
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4 . MW-3D - VOC compounds reported in sample MW-31) included benzene (1,100

ug/1), 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/1) . Benzene exceeded the

MCL . Sulfate was reported at 35 mg/l .

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

limits for the groundwater sample collected from MW-4 .

6 . 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 .

7 . MW-6 - VOC compounds reported in sample MW-6 included toluene, 1,2,4-

trimethylberizene, and m,p-xylene (10 ug/1) . SVOC compounds reported included

acenapthene, acenapthylene, anthracene, dibenzofuran, fluoranthene, fluorene, 2-

methylnapthalene, naphthalene (1,800 ug/1), 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/1) was the only VOC compound reported in sample MW-

7. SVOC compounds reported included 2-methylnapthalene, and naphthalene

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

Concentrations of benzene exceeded the MCL in groundwater samples MW-3, MW-31),

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/1) in groundwater sample LF023A (10 ug/1) .

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-I, MW-3, MW-31), 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 difftision. Advection means that the dissolved contaminants are carried along by

the movement of the groundwater through the aquifer matrix . Difflasion is the movement

of ionic or molecular constituents by kinetic activity. An example of diffasion 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-31) 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 CS)Cr 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 o n

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 Bramlette Road, much of the impact to groundwater has probabl y

is 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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VI . 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 I included concentrations of chloroethane

(22 ug/1), 1,1-dichloroethane (15 ug/1), and xylenes (18 ug/1) . 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 .

Is 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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VIL 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 . Anaerobic 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/sapro lite

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

in depressions .

40
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At this point, there is no evidence of the migration of the free product plume off

the CS)Cr 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/1) 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 IlD - 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 (WDI) 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 I 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 .
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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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VIII. CONCLUSIONS AND RECOMMENDATION S

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

Vill - I



Ph=e 11 SUe I~sfigafion AES Augwi 1996

CSX Trawpor~lion

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 .

VIII - 2



BEBLIOGRAPHY

Manning, John C. Applied Principles of Hydrology . Columbus : Merril, 1987 .

Cherry, John A ., R. Allen Freeze . Groundwater . Englewood Cliffs: Prentice-Hall, 1979

Koch, Neil C. Groundwater Resources of Greenvile County South Carolina . Bulletin No. 38 .
Columbia : State Development Board, 1968 .

Office of Water-United States Environmental Protection Agency . DrinkinJ4 Water Reizulations
and Health Advisories . Washington : E .P.A., May 1995 .

Applied Engineering and Science, Inc . Monitoring Well Installations and Soils Investigation-CSX
Transportation . Atlanta : A .E.S ., July 1993 .

United States Dept . of Agriculture Soil Conservation Services . Soil Survey of Greenville
Coun!y . South Carolina . Washington : U .S. Dept . of Agriculture, 1972 .

Cahal, Donald L, Gary K. Speiran . Impact of Discharges From Point and Nonpoint Sources On
Water Ouali!y of the Upper Reedy River Near Greenville, South Carolina . U .S .
Geological Water Survey-Water Resources Investigations Report No . 83-4054 . Columbia :
U .S . Dept . of Interior, 1983 .

Applied Engineering and Science, Inc . Soil, Sediment, and Groundwater Sampling-Vaug
Landfill CSX Real Pronerty . Atlanta : A.E.S ., March 1995 .

Nelson, Edward C ., et al . "Chemical Characterizatiom of Coal Tar-Water Interfacial Films ."
Environmental Science and Technology . Vol . 30 No . 3, 1996 : 1014-1022 .

Lee, Linda S ., Itam Okuda, P. Suresh C . Rao. "Equilibrium Partitioning of Polycyclic Aromatic
Hydrocarbons From Coal Tar Into Water . " Environmental Science and Technolojzv . Vol .
26 No . 11, 1992 : 2110-2115 .

Luthy, Richard G ., Catherine A . Peters. "Coal Tar Dissolution in Water-Miscible Solvents :
Experimental Evalution . " Environmental Science and Technology . Vol . 27 No . 13, 1993 :
2831-2843 .

Alexander, Martin . "How Toxic Are Toxic Chemicals in Soil?" Environmental Science and
Technology . Vol . 29 No. 11, 1995 : 2713-2717 .

Anastos, G.J., et al . "Town Gas Plants-History, Problems, and Approaches to Study ." Site
Discovery and Assessmen . ?: 93-96 .

Dzombak, David A ., et al . "Remediating Tar Contaminated Sols at Manufactured Gas Plant
Sites." Environmental Science and Technolou . Vol . 28 No . 6, 1994 : 266 A-276 A .



x

LU
am

APPLIED ENGINEERING AND SCIENCE, INC .
1% ATLANTA , GEORGIA





- ------- ------

- -------- - --------



APPENDIX A

FIGURES AND TABLES



d
K I)

rkD
>

15
QfIL LVI'ArIOW

TA 0

ORADII

J~-

Gagin

'U

5-- 14,

"I CA~

3 I'f-r

I N,

4q
SIth

'el

A
i GREENVILLE, S. C.

NIL E
~25 -X ~RK PROVISIONAL EDITION 1983 '14

SCALE 1 :24 000 FIGURE I 5q6

KILOMETERS 2
5rA

:5-1

Idoo 0 METERS 1000 20o u

1 0
mil F q

SCALE J~All
AS SHOWN 'IL 17-"% DI 19 9 2Applied SITE LOCATION MA p

SAA 4' DWG NODWN . BY
22~8 A'Engineering & 'CS XGEW i!CHKT. BY GEW --!~-HE

C .APPR. By E Science GREENVILLE, S



-e- 
l 

i 

TABLE 1 
VOLATILE AND SEMI-VOLATILE COMPOUNDS IN SOIL SAMPLES 

CONCENTRATIONS REPORTED IN ug/kg 

N D  NOT DIXCTED ABOM M W O D  DEECTION UMlTS 

NT: NOT TESTED FOR LISTED PARAMETER 

VOC EPA MEMOD SW-846 8260 

Svoc EPA MEMOD SW-846 8270 

LEGEND 

MONITORING WELL LOCATION 0 
SAMPLE LOCATION (SOIL OR SURFACE WATER) X 

EXTENT OF COAL TAR IN SOIL 

NOTE THE ACTUAL EXTENT OF COAL TAR CONTAMINATION ON PROPERTY OWNED 

By THE GREENVlLLE cCWWf SCHOOL DISTRICT HAS NOT BEEN DDERMINED. 
THE EXTENT SHOWN IS w ESTIMATE BASED ON THE ASSUMED FLOW .DIRECTION OF 

WASTEWATER RELEASED BY THE COPL GAS PLANT AND ON THE LABORATORY RESULTS OF SAMPLE WE001 

FIGURE 6 
COAL TAR EXTENT IN SOIL 
PHASE II INVESTIGATION 

” 
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Table 3
Contaminant Characteristics
Phase 11 Site Investigation
Greenville, South Carolin a

August 1996

Constituent Molecular. Wvight Solubility in Water Specific Density

Acenaphthylene 152.20 3.93 mg/L at 25' C 0.8988 g/mL at 16/20 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 200 C 0 .9625 g/mL at 100/40 C

Benzo(a)anthracene 228 .30 1 .4 E-2 mg/L at 25* C 1 .274 g/nil, at 20/4' C

Benzo(a)pyrene 252.32 3.8 E-3 mg/L 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 20/40 C

Ethylbenzene 106.17 140 mg/L at 150 C 0.8670 g/n-1L at 20/4' C

fdeno( 1,2,3 -cd)pyrene 276.34 6.2 E-2 mg/L No Data

2-Alethy naphthalene 142.20 24 .6 mg/L at 25' C 1 .0058 g/n-tL at 20/4' C

Naphthalene 128 .18 30 mg/L at 250 C 0.9625 g/niL at 100/40 C

Phenanthrene 178.24 1 .6 mg/L at 15- C 0.9800 g/niL 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/n-iL at 20/40 C

~.6 . 7 l52 mL~atMo ~C 0 . .02 ,mL at H/4-~C

Data was compiled from Groundwater Chemicals Desk Reference Montgomery and Welkom, 199 1 .

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 40C . At 40C the density of water is 1 .000 g/mL .
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TABLE 2 

VOLATI LE AN D S EM I -VO LATI LE CO M PO U N DS 
i 

N GROUNDWATER SAMPLES 

25 
NT 10 N T N T  NT NT ND ND ND ND ND NT ND ND ND - 

MCLs FROM DRINKING WATER REGULATIONS AND HEALTH ADVISORIES; Office of Water, USEPA, May 1995 

CONCENTRATIONS REPORTED IN ug/l 
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1. INTRODUCTION

On August 24, 1994, the South Carolina Department of Health and Environmental Control

(DHEQ notified CSX Transportation by certified mail of the departments investigation

of an unpermitted landfill on CSX property (the Site) in Greenville, South Carolina .

Figure I - Site Location Map, indicates the location of the Site west of the city of

Greenville . DHEC, along with the U.S . Anny Corps of Engineers, visited the Site in

Spring, 1994, noticed leachate and a sludge-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. 'Me landfill Site is contained on property south of Bramlette
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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 Bramlette Road .

'Mis 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

Tle CSX property'off Bramlette 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) feet from the entrance . A dirt

1-2
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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 is 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 . 'Micknesses of the soils are reported to average fifty four (54) feet

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

1-3



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 10-5 to 10-7 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 . 'nat 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, Gree nville 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 .
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11. PURPOSE, OBJECTIVES, AND SCOP E

In October, 1994 CSX Transportation, in response to the DREC 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 dufing this initial phase will be used to :

1 . Assess the character of the materia l

2 . Identify the chemicals of concern for the site

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



and/or additional material sampling needs can be made

t B. Objectives

'Me 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 fil l

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 fil l

- Assess field and analytical data to determine additional information and/or

11-2



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 III of this workplan .
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111. 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 (DQO) 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 ofremedial alternatives or a risk assessment . This DQO program reflects

EPA's DQO fonnat as presented in Data Quality Obiectives 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 .



AES will employ two independent analytical resources during the investigation. As

previously shown in Table 1, those include field surveys (Level 1) and laboratory analysis

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

I . Level I - Field Surveys - For Level 1, field surveys, portable organic vapor

analyzers will be used to survey samples taken by the investigation team at the

P" time of collection . These real-time analyzers will be instruments such as HN u

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 samples .

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 CSXfVaughn Landfill site will
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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 to make future decisions on chemicals of concern

at the site, all samples collected during this investigation will be analyzed under

Level IV procedures. The table below presents an analytical suite of parameters

typical of a Level IV analysis .

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

111-3



TABLE I
SUMMARY OF ANALYTICAL LEVELS APPROPRIATE TO

DATA USES

DATA USES ANALYTICAL LEVEL TYPE OF XNALYSIS LIMITATIONS DATA QUALITY

Site characterization Level I
Total organic/inorganic instrcanents respond to if instnaments calibrated

monitoring during vapor detection using naturally occurring and data interpreted
implementation portable instruments compounds correctly, can provide

indication of contamination

Field test kits

Site characterization Level H Variety of organics by GC ; Tentative ID Dependent on QA/QC

evaluation of alternatives inorganics by AA ; XRF steps employed
engineering design Techniquestinstrument s

monitoring during Tentative ID ; analyte limited mostly to volatiles, Data typically reported in
implementation specific metals concentration ranges

Detection limits vary fro m
low ppm to low ppb

Risk Assessment Level III Organics/inorganics using Tentative ID in some cases Similar detection limits to

site characterization EPA procedures other than CLP

evaluation of alternatives CLP, ran be analyte Can provide data of same
engineering design specific quality as Level IV Less rigorous QA/QC

monitoring during
implementation

RCRA characteristics tests

Risk Assessment Level IV TCL organ ic/inorganics by Tentative identification of Goal is data of known

PRP determination GCIMS ; AA ; ICP non-TCL parameters quality via CLP

evaluation of alternatives
engineering design Low ppb detection limit Some time may be required Rigorous QA\QC

I for validation of packages



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 will

t be updated if additional compounds are suspected or identified .

C. Sample Location s

Three separate areas have been designated for sample collection activities on the site .

Area I 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

opcrations .
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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 auger, 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 monitofing 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 pesticidesiherbicides (EPA Methods 8080/8150) . Table 2 - Sample

Designations indic ates the sample designations, sample type (soil, water, sediment, etc .),

and the analytical parameters .

1 . Area I - 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 .

111-5
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TABLE 2
SAMPLE DESIGNATIONS
CSX\VAUGHN LANDFILL

GREENVILLE, SC
AES, October 1994

SAMPLE11) RIX ANALYTICAL PSAMPLE TYPUMAT

WEOO I' Surface water/sediment* 8240/8260, 6010, 8080/8150

WE002 Surface water/sediment* 8240/8260, 6010, 8080/8150

W'Wooll Surface water/sediment* 8240/8260, 6010, 8080/8150

WWO02 Surface water/sediment* 8240/8260, 6010, 8080/8150

WWO03 Surface water/sediment* 8240/8260, 6010, 8080/8150

LF001' Soils/groundwater 8240/8260, 6010, 8080/8150

LF002 Soil s/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 8240/826 0, 6010, 8080/8150

LF008 Soils/groundwater 8240/8260, 6010, 8080/8150

LF009 Soils/groundwater 8240/8260, 6010, 8080/8150



TABLE 2
SAMPLE DESIGNATIONS
CSX\VAUGRN LANDFIL L

GREENVILLE, SC
AES, October 1994

TRIX"A ~i,:: ANALYTI ALSAMPLYTYP

1,17010 Soils/groundwater 8240/8260, 6010, 8080/8150

LF01 I Soils/groundwater 8240/8260, 6010, 8080/8150

LF012 Soils/groundwater 8240/8260, 6010, 8080/8150

LF013 SOiIS/gToundwater 8240/8260, 6010, 8080/8150

LF014 Soils/groundwater 8240/8260, 6010, 8080/8150

LF015 Soils/groundwater 8240/8260, 6010, 8080/8150

LF016 Soil s/groundwater 8240/8260, 6010, 8080/8150

LF017 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

LF022 Soil s/groundwateT 8240/8260, 6010, 8080/8150

LF023 Soils/groundwater 8240/8260, 6010, 8080/8150

LF024 SoiWgroundwater 8240/8260, 6010, 8080/8150



TABLE 2
SAMPLE DESIGNATIONS
CSX\VAUGRN LANDFIL L

GREENVILLE, SC
AES, October 1994

ALISAMPLE TYPE/MAT ANALYTIC ~MWVIETE-SAMPLE ID RIX,

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)

i . WE - Weiland East

2 . VrW - Wetland West

3 . LF - Landfill



2. 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

collection 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 Geo probe unit will advance collection rods through the fill material, identify the

filUnative 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 matefial 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
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activities begin .

3 . 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

1 . Quali!y 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 operatin g

r procedures utilized by AES personnel in all sampling activities follow a

standardized QA/QC procedure . The procedures are documented in the AES Field

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

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

of all field operations . The documentation process will include completion of
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sample labels, field logbook and chain of custody forms . Immediately after

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

'Me label will contain the following information :

. Sample identification number

- AES Job Number

- Name of Sample collected

* Date and time of collection

- Project location

- Preservatives used (if any)

- Parameters requested

A logbook will be maintained by sampling personnel to document field activities .

The fo Ilowing information will be documented in the field logbook :

- Persons present onsite, their title and affiliation

It - Date of each day onsite

I -
The times on and offsite

t

- ne time each sample is collected or other significant events occur

a The daily weather conditions and approximate temperature s

- All equipment to be used during field activities and their decontamination
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procedures (if applicable)

Any comments, observations, discrepancies or changes in sampling

procedure s

Groundwater levels, method of measurement and where the measurement

is 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

- The number and type of sample containers to be used

- 'Fhe number of bails to be used to collect each water sample

- All data related to the calibration of field equipmen t

- 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 .



E. Sample Designatio n

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 during 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 :

WE00 I - 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 .

LFOOl - 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 .


