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1
1 PRELIMINARY INVESTIGATION

1.1 INTRODUCTION AND PURPOSE

American Fast Print Limited (AFP) authorized Rogers & Callcott,
Engineers, Inc. (R&C) to perform a Preliminary Investigation at the
Union Bleachery site located at 3335 Buncombe Road, Greenville, South
Carolina, in 1987. In 1989, GeoTrans, Inc. (GeoTrans) was authorized
to assist R& in completing the Preliminary Investigation. AFP
authorized GeoTrans and R&C to perform a Remedial Investigation (RI).
A11 work for this RI was completed during the period August 1990 to
June 1991. All RI activities were based on regulations and procedures
for implementing response actions set forth in the National 0i1 and
Hazardous Substance Contingency Plan {(NCP) as amended.

The Preliminary Investigation that began in 1987 produced an
Interim Assessment Report (GeoTrans, 1989). Because the conceptual
understanding of several areas at the site was poor, further
Preliminary Investigation was undertaken as an interim scoping task
prior to developing the work plan. These data were used to develop
the Remedial Investigation/Feasibility Study Work Plan (GeoTrans,
1990a}. Based on initial stages of the Remedial Investigation and in
Tight of the complexity of the site, it was determined that additional
data were required to determine the extent of contamination.
Therefore, Work Plan addenda to the RI were developed {GeoTrans,
1990b, 1991a).

The objectives of the Remedial Investigation were to:

» Determine the nature and extent of contamination; and
’ Identify areas that represent sources of contamination.

A field effort was initiated to address these objectives, and
included: the installation of monitor wells and soil borings,
collection of sludge, surface soil, split-spoon, and groundwater
samples, and performance of a Rapid Bioassessment.

This Remedial Investigation Report provides a summary of Union
Bleachery site data that are available and describes the fate and

Geolrans,inc.
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2

transport of the contaminants found to date. This information
includes data from prior site investigations, which began in 1981, and
from the conductance of the Union Bleachery site Remedial
Investigation (RI}, which commenced in the summer of 1990.

This report provides site characterization information that will
be referenced for evaluating the development and screening of remedial
alternatives. The Baseline Risk Assessment will be issued as a
separate report or included with the Feasibility Study. This report
is divided into four chapters. Chapter 1 provides background
information and presents data collected as part of the Preliminary
Investigation (pre-RI data). At the end of Chapter 1, operable units
are defined, which are groupings of discrete areas or media that help
expedite field investigation and remedial actions. Chapter 2
describes the field investigations performed at each operable unit at
the Union Bleachery site. Chapter 3 presents the physical and
chemical results of the RI field investigations. In general, this
only includes the data collected between August 1990 to June 1991.
Finally, contaminant fate and transport for each operable unit are
discussed in Chapier 4.

1.2 DESCRIPTION OF THE UNION BLEACHERY SITE

1.2.1 Background/History

The Union Bleachery site is located in Greenville County, South
Carolina, approximately two and one-half (2.5) miles northwest of the
City of Greenville as shown in Figure 1. The plant was originally
constructed in 1903 and expanded on several occasions. It contains
approximately four hundred thousand (400,000) square feet; the first
floor contains the main production area, the second floor contains the
dye and chemical mixing areas and inspection and grading areas for
compieted material. The Basement area was constructed as a collection
area for wastewatiers.

The plant was constructed as a textile bleaching and finishing
operation by the Arrington family. The facility was sold to the
Aspinook Corporation in 1947 and then to Cone Mills Corporation (Cone)

Geolrans,inc.
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4

in 1952. Cone owned and operated the facility for thirty-two (32)
years. It prepared grey goods and dyed these materials as well as
corduroy, denims and cotton-synthetic blends. American Fast Print
(AFP) purchased the facility in May of 1984 and currently owns and
operates the facility as U.S. Finishing.

Preparation of grey goods was accomplished originally by batch-
type boil out and kiering processes but these were later replaced by
continuous bleaching and mercerizing operations. Dyeing was
originally accomplished by batch-type jiggs. The number of jiggs were
reduced as they were replaced by continuous dye ranges. Some jigg
dying continued for small lots through the early 1980s. Three dye
ranges were present in 1952 when Cone purchased the property. These
were expanded to six continuous ranges in the early 1970s plus a
pigment range was added in approximately 1976. In approximately 1979
or 1980 the number of dye ranges was decreased from six to four. In
the 1960s mechanical, thermal and chemical finishing operations were
also added.

Because of the variety of goods processed at this plant, various
types of dyes, including vats, sulphurs, reactives, dispersivies and
naphthals were used. Large quantities of sodium dichromate were used
as the oxidizing agent for sulphur dyes and vat-type dyes which, for
many years, represented the majority of the dyes used by Union
Bleachery. Zinc, copper and dyes containing other metals were also
used in the dyeing and finishing process. Cone ceased to use sodium
dichromate and zinc as oxidizing agents in the late 1970s. As
industry practices changed in response to environmental requirements,
the presence of metals in dyes was reduced to small amounts by the
late 1970s. AFP reports it has never used sodium dichromate as an
oxidizing agent. AFP reports it has not discharged dyes or chemicals
containing metals except in trace amounts. Historically, both the dye
waste and the oxidizing materials were wasted into the Basement area.
Most of the wastewaters were discharged into the Basement onto bare
ground and in other areas into sumps and then migrated via a series of
ditches to a main ditch that then flowed directly into Langston Creek.
Before the 1980s, the pipes and ditches in the Basement area would

GeoTrans,inc.
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become plugged on a regular basis because of 1int and cloth scraps
that would be discharged with the wastewater. Water would collect to
depths of 1-5 feet on a weekly basis. Work crews would be dispatched
to clean the stoppages to allow this wastewater to continue its flow
to Langston Creek. Langston Creek itself also flooded on a periodic
basis and immersed portions of the Basement area. Chemicals were
stored in the Basement until a flood in 1974 inundated the Basement
and flooded many of these chemical storage areas.

Surface water runoff from the west side of the plant created
during rainfall events flowed through the Basement and then discharged

through the ditch to Langston Creek. The stormwater continued to flow §§
through the Basement area, but was discharged into the Aeration Lagoon iﬁf
after it was constructed in 19685. In 1388, AFP diverted the :S Q
stormwater from the Basement and piped it to the drainage system QQ\‘EE?
connected to the Aeration Lagoon. Q& %

in 1984, AFP obtained representations and undertakings by Cone as to

the environmental condition of the Facility. Cone acknowledged full \*
responsibility for the cleanup and restoration of the aquifer near 8 ‘\\
Langston Creek and clean up and removal of sludge and chemical
substances. Cone failed to identify any environmental problems at the%<§§éﬁ\\»

site other than chromium in the groundwater near langston Creék N
T NN
n

X

®
in connection with AFP’s acquisition of the Union Bleachery site N ;§5
q§§?

‘@3

1.2.2 Physical Setting/Enviropment

1.2.2.1 Topography/General Information

The Union Bleachery site encompasses approximately 259 acres and
is located approximately 2.5 miles northwest of Greenville, South
Carolina. The approximate center of the site lies at latitude 34° 33’
02" north and longitude 82° 25’ 37" west.

As shown in Figure 1, the site is bounded on the north by 01d
Buncombe Road and on the east by Highway 253. The site is L-shaped
and bounded on the west by a residential area originally constructed
to house Union Bleachery employees and other residen£3£1 arees. The
site is bounded on the south by the Reedy River. Langston Creek flows

Geolrans,inc.
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from the north to south through the property and then joins the Reedy
River.

Figure 2 illustrates the topography of the site. In the area of
the main plant, the property slopes from west to east towards Langston
Creek. There is approximately a 40-foot elevation change from the
western boundary of the plant over the approximate 800 linear feet to
the creek. At the Aeration Lagoon, the property slopes generally in a
southeast direction toward the confluence of Langston Creek and the
Reedy River. To the northwest of the Aeration Lagoon, a topographic
divide occurs. The land slopes to the southeast with a 30-foot
elevation change over approximately 400 linear feet. Along the ridge
which borders the edge of the closest residential area, the slope
changes to a southwest direction. A 40-foot elevation change occurs
over the approximate 800 feet of land surface from the edge of this
residential area to the Reedy River.

1.2.2.2 Geology

The Union Bleachery site is located within the Piedmont geologic
province. Bedrock in this province is characterized by high-grade
metamorphic and igneous rock. Drilling logs indicate that the granite
gneiss bedrock is overlain by weathered bedrock {saprolite) and poorly
sorted alluvium (Figure 3). In some places, the alluvium is overlain
by as much as 8 feet of fill (S&ME, 1985).

The alluvium thickens easterly from the main mill site to the
floodplain of Langston Creek. The alluvium varies from 17-20 feet
thick to being absent west of the main mill and can be characterized
as a mixture of reddish brown to brown sandy clayey silt and gray to
dark-gray very micaceous silt.

For the thirteen wells present in 1985 a fairly consistent
saprolite thickness of 10-20 feet had been encountered. The lithology
of the saprolite varies with the depth of weathering. The lower
saprolite (LS) is characterized as a hard to very hard micaceous fine

‘ to coarse sandy silt. At some Tocations this silt contains abundant
quartz fragments. Upper portions of the saprolite consist of very

Geolrans,inc.
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loose to loose, very silty fine to medium sand, which is texturally
similar to the overlying alluvium,

The bedrock beneath the site consists of gray granite gneiss.
Cores from the upper 10-15 feet of the bedrock indicate that the
gneiss is fractured and weathered.

1.2.2.3 Hydrogeology

Groundwater at the Union Bleachery site is classified under the
South Carolina Pollution Control Act as Class GB. That is, the
groundwater system in this area contains a sufficient quantity of
groundwater to supply a public water system and contains water with
fewer than 10,000 milligrams per liter (mg/1) total dissolved solids
(TDS). For Class GB waters, the state primary drinking water
standards apply.

Groundwater at the Union Bleachery site is recharged from
topographically higher elevations and locally by direct infiltration
of rainfall. Based on water levels in wells at the Union Bleachery
site, groundwater generally flows downward to lower units or laterally
toward either Langston Creek or Reedy River. Upward flow occurs at
and near Langston Creek. Groundwater in the alluvium is under water-
table conditions {(unconfined). Groundwater in lower units is
generally in a confined state, that is, water levels in wells within
these units rise higher than the top of the unit.

Law Engineering Testing Company {LAW} (1982) reported estimated
hydraulic conductivities of 2x10> cm/sec for the saprolite and 8x107“
cm/sec for the alluvial soils at the site. These measurements were
based on single hole permeability tests. LAW also noted that W-9,
which is located adjacent to Langston Creek, was artesian when it was
first installed.

An aquifer test was performed by S&ME Consultants (1985). The
objectives of this test were io:

. Determine hydraulic parameters of the saprolite,

* Evaluate the specific capacity and relative hydraulic
efficiency of the extraction well, and

GeofTrans,inc.
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. Use the data developed in estimating the radius of influence
of the extraction well.

From this pump test S&ME Consultants, among other things, concluded
that:

] The saprolite is an anisotropic semiconfined low
permeability unit with an average hydraulic conductivity of
10 ft/day (3.5x10°° cm/sec). Hydraulic conductivity,
however, varies widely throughout the site. The storage
coefficient is estimated to be 0.01.

. The bedrock aquifer is in hydraulic connection with the
saprolite.

. There is a relatively poor hydraulic connection between the
saprolite and the alluvium,

1.2.2.4 Ecology

No plant or animal species as defined and protected by the
Endangered Species Act of 1973 as amended, 16 U.S.C. 1531 et seq.,
have been found on or near the Union Bleachery property. The majority
of the property is either maintained for industrial use or is main-
tained as open grassed areas. The Reedy River Floodplain has not been
used since its use as a solid waste landfill reportedly as late as the
1970s. This area is densely vegetated by indigenous grasses, shrubs
and scrub trees. Indigenous birds and small game animals inhabit this,
area.

Langston Creek is a small tributary to the Reedy River and drains
a watershed approximately four square miles in size. It flows in a
southerly direction through the property and then discharges into the
Reedy River. The main branch of the creek was dammed in 1903 when
Union Bleachery was originally constructed to provide a source of
process water.

A stream study conducted by South Carolina Department of Health
and Environmental Control (SC DHEC) in 1981 revealed a high
concentration of hexavalent chromium in Langston Creek. Cone
conducted a macroinvertebrate assessment of the creek in 1985. The
macroinvertebrate population was reduced by 75% from an upstream

Geolrans,inc.
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sampiing station to a sampling station impacted by chromium-
contaminated groundwater from the Unjon Bleachery site and the number
of species was reduced by 35% between these two stations. The results
of this study show that the chromium remediation conducted by Cone
from 1982 through 1985 had not yet been effective in protecting the
water quality in Langston Creek. Bream and Hornyhead fish taken and
analyzed by Cone in 1985 revealed chromium concentrations in their
organs and intestines. /

Union Bleachery is located near the headwaters of the Reedy River
which drains a watershed area of approximately twelve square miles
before its confluence with Langston Creek. The water quality in the
Reedy River has been historically categorized as poor. This was
primarily due to raw wastewater discharges into the river by Union
Bleachery and other textile mills until the 1950s. In 1955 the
predecessor agency to SC DHEC issued administrative orders to various
industrial dischargers, including Union Bleachery, requiring them to
modify their discharges. Prior to this investigation, no stream study
had been conducted of this portion of the Reedy River to assess the
quantity and quality of aquatic life. The stream survey conducted in
1981 by SC DHEC did not find detectable chromium in the Reedy River.

1.2.2.5 Groundwater Usage

On August 2, 1989, Rogers & Callcott performed a search of the
South Carolina Water Resources Commission database. Based on this
review, only fifteen water wells were identified within a 3-mile
radius as shown in Figure 4. None of the identified wells are located
downgradient of the groundwater at the Union Bleachery site.

1.2.3 Historical Characterization of Wastes On-site and Extent of
Contamination (Including Preliminarv Investigation)

1.2.3.1 Langston Creek Floodplain

GeoTrans,inc.
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1.2.3.1.1 Chromium Contamination

In 1981, chromium contamination was found in Langston Creek.
Based on a study of Langston Creek and the Reedy River, the SC DHEC
determined that Union Bleachery was the source of the chromium
contamination in Langston Creek. SC DHEC directed Cone to begin an
investigation to determine the source and extent of this
contamination. Cone retained LAW in late 1981 to begin this
investigation. LAW performed a resistivity study in the Langston
Creek Floodplain and installed eleven monitor wells. Table 1
provides specifications for these wells and other wells drilled during
the Preliminary Investigation. LAW recommended that two extraction
wells be installed near the dam on Langston Creek. Cone, through
negotiations with SC DHEC, agreed to convert one monitor well, -9,
into an extraction well in the area of greatest groundwater
contamination. Chromium was also found at significant concentrations
in the bedrock at well W-10. LAW concluded that the chromium
contamination had migrated under Langston Creek in a confined aquifer
and possibly surfaced through leaks in the confining layer on the
opposite side of Langston (reek.

LAW's report states that its investigation was premised on the
assumption that the source of chromium contamination resulted from a
Teak in the chromium tank supply line. The 13,500 gallon chromium
storage tank was used to supply hexavalent chromium to the dye ranges
for dye oxidation from approximately the early 1960’s through 1975.
The tank was removed in 1981. Cone incorrectly reported that the
underground delivery lines were also removed. Cone postulated that
the reported chromium contamination reached Langston Creek by
following an underground water line that ran beneath the plant. No
data were obtained to support this pathway. Figure 5 shows the
Tocation of the chromium tank, the chromium supply line to the dye
area (as incorrectly réported by Cone) and the 10-inch water line
under the building. Additionally, S&ME later reported that Cone
stated that no other likely sources of chromium contamination existed.

Soil & Material Engineering, Inc. (S&ME) replaced LAW in late
1982 and continued the investigation of chromium contamination. S&ME

Geolrans,inc.
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Table 1. Well specifications and borehole stratigraphy pre-Hovember 1990 wells, Langston Creek.

€e

T0C
elevation wel)
Well {ft w.r.t. Bepth of Lone Hedia Diameter well Max Discharge
Ko. lLangston Dam)  Sandpack Honitored Monitored {inches]  Material Rate {gpm)
W-1 89.1 3.0-27.0 Alluvial Sand/Silt 2 PYL NA
W-2 181 .8 17.8-38.0 Saprolite Silt b4 PV 2.5
W-3 102.0 3.0-15.0 Klluvial Silt 2 Py NA
W-4 161.1 17.0-36.5 Saprolite Silt 2 PY¥C HA
W-5 102 .4 13.3-30.0 Alluvial Sand/$ilt 2 Pyl NA
W8 183.8 11.3-30.0 Sapraiite/Alluvial Sand/Siit 2 PYC NA
W7 163.8 11.4-26.0 Saprolite $ilr ¢ PVC KA
W8 108.7 4.0-15.0 Saprolite/Fill Stit ¢ Pyl HA
¥-3 §7.6 13.0-35.¢ Saprolite/Aliuvial Silt 2 PYC 6.6
¥-14 160.6 44.0-54.0 Bedrock Gnelss 3 Openhole 0.5
w-11 102.1 36.0-48.8 Bedrack Gneiss 3 Openho le RA
W-12 98.3 NA Saproiite Sand 3 PYL NA
W-13 162.9 37.8-51.0 Bedrock Gneiss 4 Openhale 15-20 -
W-14 i02.2 §.0-20.0 Alluvial Sand/Silt 4 e 0.5
W-15 98.5 5.0-16.8 Alluvial Sand/Silt 2 PYC RA
W-18 97.7 23.5-50.0 Bedrock Bneiss 4 Openhole RA
w-l7 98,2 8.5-34.8 Alluvial/Saprolite/ Sand/Silt/6neiss 6 ss/eve 3.0
2 Bedrock
RHT-1 132.22 12.0-32.0 Saprolite Sand 2 Ve NA
RHT-2 122.22 22.4-30.5 Saprolite Sand 2 4’ KA
RHTZA 121,92 48.3-58.% Saprolite Sand 2 'iv KA
RHMT-4 94.82 3.0-15.0 &lluvial/Saprolite Clay/Si1t/Sand 2 PVC HA
RMT-5 94,32 1.5-13.5 Alluvial Clay/Sand 2 PYC NA
RKT-§ 94.32 }.5-13.5 Alluvial Clay/Sand 2 Ve HA
RMT-54 93.9 20.5-30.¢0 Saprolite Sand 2 PY¥C KA
RMT-58 94.32 38.0-46.% Bedrock Sneiss 2 P¥C NA

NA = Not available
‘ft below ground surface

ziand surface elevation

Geolrans,inc.
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installed six additional monitor wells and performed resistivity
studies in 1985 and 1987. From these studies, it appeared the
contaminant plume was decreasing in size. These geophysical results
are uncertain due to interferences, such as the caustic plume. The
chromium concentration in W-9 had decreased from approximately 3,000
mg/1 in 1982 to approximately 110 mg/1 in 1990. The chromium
concentrations in W-2 and W-10 decreased from approximately 150 mg/1
to 55 mg/1 and 27 mg/1, respectively, while W-15 on the other hand has
increased from 2 mg/1 when it was first installed in 1987 to 44 mg/1
in April 1991. Well W-15 is Tocated at the eastern property boundary
and the increase in chromium concentration implies that a portion of
the plume is migrating off-site.

In 1984, Cone signed an Administrative Consent Order with the
South Carolina Department of Health and Environmental Control {SC
DHEC) to remediate the groundwater contamination beneath the site
until SC DHEC determines that background levels have been met. In
response to this Consent Order, Cone has only addressed the chromium
contamination in a portion of the area adjacent to the Langston Creek.
Cone continued pumping contaminated groundwater from W-9 and operating
the chromium remediation facility to remove and precipitate the
chromium contamination from the groundwater. Monthly reports of well
analyses, Langston Creek water quality and chromium remediation
facility activities were submitted to SC DHEC.

In 1987 high levels of chromium contamination were again detected
in Langston Creek, and SC DHEC directed Cone to begin pumping wells
W-2 and ¥-10 in addition to W-9 to better protect the surface water
quality in Langston Creek. Pumping from W-2 and W-10 ceased until
April 1990 when these wells were again placed into operation as
extraction wells. A more complete discussion of the current pump-and-
treat system is provided in the interim assessment (GeoTrans, 1989)
and in an aquifer test design report (GeoTrans, 1991b).

Sampling performed by R&C during 1987 through May of 1990, as
part of the Preliminary Investigation, shows that the surface water
quality of Langston Creek is still adversely affected by the
groundwater contamination. Random samples taken in Langston Creek

Geolrans,inc.
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during 1989 and 1990 often exceeded the maximum contaminant level
(MCL) for chromium. Sampling by R&C also revealed additional
contaminants in many of the wells located in the Langston Creek
Floodplain not previously discovered by LAW or S&ME. Metals detected
in addition to chromium were arsenic, barium, and lead. Organic
contaminants including phenol, volatile organics and acid and base
neutral extractables were detected. Additionally, high pH and
specific conductance were discovered in Wells W-3 and W-14, and
separate phase petroleum products were found in Well W-8. The
presence of contaminants other than chromium suggested that the
contamination in the Langston Creek Floodplain groundwater did not
originate solely from a pure hexavalent chromium source. Further
investigation was required to determine the source of chromium
contamination as well as the other contaminants. Potential sources
include wastewater discharges prior to the mid 1970‘s from the dye and
preparation areas into the Basement, and the chromium tank and line.

In the spring of 1990, three additional wells were installed by
RMT in the Langston Creek Floodplain. In addition, both RMT and R&C
collected surface soil samples along with surface water samples from
Langston Creek. The locations of these sample sites are shown in
Figure 6. Four additional soil samples were collected {SS-1, $§-2,
S$-3, and $S-4). As shown in Figure 6, SS-1 is an upgradient sample
that had a chromium concentration of 25 mg/kg (RMT 4/25/90 sample).
§§-2 is located closer to the main plant and had a chromium
concentration of 62 mg/kg (RMT 4/24/90 sample). Further down Langston
Creek, Sample §S-3 had a chromium concentration of 110 mg/kg (RMT
4/25/90 sample}. Finally, SS-4, located between the main plant and
the Aeration Lagoon, had a chromium concentration of 8 mg/kg (RMT
4/24/90 sample}. Although S5-2 and S$$-3 had concentrations greater
than the "background" concentration at SS-1, all concentrations are
below the proposed RCRA soil action level of 400 mg/kg for chromium
(Federal Register, 55(145), July 27, 1990).

The three new wells drilled in the Langston Creek Floodplain by
RMT included: RMT-5 screened in the alluvium, RMT-5A screened in the
saprolite, and RMT-5B screened in the bedrock. Groundwater samples

Geolrans,inc,

26




7

OW-/é

< MAIN PLANT // /
w-7 \/{ sw,é / //

. ¢ Wz
[ X/ %
é/ g e
S 4
o W6 Si&/jﬁﬁ// . - \\"?97””/}

Tmt/) /
+ 8§54 Z / ,./Z/ WE%&W@A //
ot 7 -SSR //
% w12

7 e
/;, 1;16-36

P W15 e ¢ MONITORING WELL
e e o SURFACE WATER SAMPLE
e 7 4 SURFACE SOIL SAMPLE
”M

HLINIVH

- €y TRENCH
«\<// - |
-~ UNION BLEACHERY SITE

/// FIGURE 6: LANGSTON CREEK
/ FLOODPLAIN SAMPLE LOCATIONS

200 o
y é - : ! Prepared by:  S8D Dater 16-4UL-§1
\\\ { W FEET ) Checked by RRR Date: 16-AJL—-91
h \ GeoTrons, inc. Disk /Fite:  UBLCSCIL.DWC
NOTE: ALL BASE MAP FEATURES TAKEN FROM ROGERS & CALLCOTT ENGINEERS, INC. LOUIEVILLE, KY

27




19

split by RMT and R&C were collected from the entire well network on
March 6, 1990, and June 20-21, 1990. The chemical analyses are given
in Appendix A.

Data from these RMT wells supports the conceptualization of a
shallow aquifer in the alluvium separated from a bedrock/lower
saprolite aquifer by the upper saprolite, which acts as a confining
bed. Reviewing the chromium data in the new RMT wells, chromium
occurs in the alluvial and bedrock wells, but not the saprolite well.
This suggests multiple plumes, with at least one plume in the
alluvium. [It also should be noted that the Cﬁfumiém"ﬁéﬁceﬂtratzons\
are hzgher 1nvthe bedrock well (5B} than in the alluvial well {5).

The spatxa% variabzlif} in hydraulic ‘conductivity in the Langsfon
Creek aquifer system causes the plume(s) to be complex and difficult
to characterize.

To evaluate the variation in concentration with time, chromium
values are provided for July for the years 1987 through 1990 in
Table 2. For 1990 both Cone and R&C laboratory results are given for
comparison. The trend for 1987 through 1989 is stable or decreasing
chromium concentrations (except for W-15 and W-16). Except for W-15,
all values in 1990 are equal to or greater than those obtained in 1989
(Cone data).

This increase in chromium concentrations, especially near the
main plant may be due partly to the pumping at W-2 and W-10, which
began in April 1990. This pumping may be recovering some of the
contaminated groundwater that extends under the main plant. This is
particularly interesting in the case of W-10, a bedrock well.
Appendix B provides plots of chromium versus time for the original
17-well network. The concentration at W-10 has more than doubled from
40 mg/1 on April 27, 1990, to 98 mg/1 on August 8, 1990. Increases at
W-16, a bedrock well, appear to be due to the migration of the
chromium plume in that region that is not being captured by the
existing recovery system, possibly resulting in off-site
contamination.

GeoTrans,inc.
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chromium data (mg/1) for July 1987 through

1990. Data from Cone unless indicated otherwise.
DATE
WELL 07/16/87 07/13/88 07/21/89 07/11/90 07/11/90%
W- 1 <0.06 <0.05 <0.04 0.09 0.08
W- 2 130.00 57.00 29.00 87.00 50.00
W- 3 0.58 <0.05 <0.04 0.07 0.14
W- 4 <0.06 <0.05 <0.04 0.25 0.04
W- 5 <0.06 <0.05 <0.04 0.09 0.10
He & <0.06 <0.05 <0.04 <0.04 0.07
W- 7 <0.06 1.07 0.04 0.87 - 0.63
¥- 8 <0.06 <0,90% <0.04 <0,04 <0.02
W- 233.00 228.00 88.00 169.00 128.00
W-10 60.00 30.00 23.00 92.00 79.00
W-11 <0.06 <0.05 <0.04 0.05 0.02
W-12 <0.06 0.73 0.22 - .-
W-13 <0.06 <0.05 <0.04 <0,04 <0.02
W-14 <0,06 <0.05 <0.04 0.06 0.04
W-15 7.47 20.75 7.60 13.00
W-16 <0.05 0.16 1.13 1.50
W-17 <0.05 <0.04 0.15 0.18
*R&C
GeoTrans,inc.
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Although W-9 has been recovering chromium from the
alluvium/saprolite material, its impact on the bedrock aquifer could
not be determined until completion of the RI. As previously
indicated, the significance of the saprolite as a confining bed is
demonstrated by well cluster 5, 5A, and 5B, which are completed in the
alluvium, saprolite, and bedrock, respectively. Sampling results by
R&C from a sample taken on June 20, 1990, from 5, 5A, and 5B showed
chromium concentrations of 7.1 mg/1 for the alluvium, <0.02 mg/1 for
the saprolite, and 18.00 mg/1 for the bedrock.

One purpose of a pump-and-treat system is to protect surface
water in Langston Creek. According to a Tetter from Mr. Paul F. Wise
(SC DHEC) to Mr. Arthur J. Toompas {Cone) dated August 20, 1987, "The
criterion utilized for water quality in Langston Creek should be 50
Bg/1 [0.05 mg/1] or background (whichever is less stringent}." Using
Cone’s data for 1989 this criterion was reached or exceeded in May,
July, August, September, October, November, and December. The maximum
value for that year was measured on August 12, 1989, above the
floodgates, and was 0.98 mg/1 for chromium.

To evaluate the variation in concentration in Langston Creek with
time, Table 3 is provided. For this table, chromium values in
Langston Creek for July are provided since the date of the SC DHEC
letter. As may be seen, the criterion has been exceeded in all the
years shown (1987-1990). Thus, although the pump-and-treat system,
e.g., Well W-9, has been operating for nearly eight years, it has not
consistently reduced chromium concentrations in Langston Creek to
below 0.05 mg/1.

1.2.3.1.2 Caustic Contamination

A caustic plume also is present in the Langston Creek Filoodplain.
Wells W-3 and W-14 were drilled downgradient of several caustic tanks.
They are both alluvium wells, with W-3 being 15 feet deep and W-14
being 20 feet deep. The chemistry of these wells is different than
that associated with other wells in the Langston Creek Floodplain. As
shown in Table 4, the water from these wells exhibits high pH and
specific conductance. The water is also characterized by the presence

Geolrans,inc.
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Chromium values (mg/1) measured in Langston Creek for July
1987, 1988, 1989, and 1990. Data from Cone unless indicated
otherwise,

Date

July
July
July
July
July

July
July
July

. July

July
July

July
July
July
July
July
July
July

Above Below
Buncombe Rd. Floodgates Floodgates
1987
1 <0.06 ) <0.06 <0.06
g <0.06 <0.06 0.11
16 <0.08 <0.06 0.29
24 <0.06 <0.08& 0.43
Z8 <0.06 <0.06 .59
1988
4 0.14 0.18 p.22
13 <0.05 <0.05 <0.05
i9 <0.05 <$.05 <(d.05
26 <0.05 <0.05 <0.05
1989
21 <0.04 0.44 0.48
28 <0.04 <G.04 <{.04
19480
4 0.27 .29 0.19
6! <0.02 <0.02 0.14
11 <0.04 0.22 0.49
i9 -~ 0.37 --
20" <0.02 <0.02 0.19
25 0.21 0.08 0.89
27! <0.02 0.15 <0.02

R&C

Geolrans,inc.
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Table 4. Sampling results of R&C from W-3 and W-14 in mg/1
unless otherwise noted.

W-3 W-14
Parameter MCL  Oct 1987 Mar 6, 1990 Oct 1987 Mar 6,1990
pH, units 10.2 | 12.0 9.7 9.7
specific
conductance,
{umhos/cm) 14,000 17,000 &,200 6,700
Phenols, pg/1 20,000* 101 -- 25 --
Arsenic, pg/1 50 11 242 24 13
Barium 1 <0.1 0.02 <0.01 0.02
Cadmium .01 <0.01 <0.01 <0.01 0.01
Chromium .05 <0.05 0.07 <0.05 0.05
Nickel 7 0.36 .- 0.14 -
Silver .05 0.03 - 0.02 -
Lead, pg/1 50 <10 38 <10 23

*RCRA Proposed Action Levels, Fed. Register, Vol. 55, NO, 145.

s
W
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of the metals arsenic, nickel and silver, as well as various organic
solvents. Note that the pH of Wells W-3 and W-14 exceed the U.S. EPA
Secondary Maximum Contaminant Level (SMCL) for pH, which is 6.5-8.5.

Based on a letter to Mr. Jim Kahle (LAW) from Arthur J. Toompas
(Cone) dated April 29, 1982, "Sodium hydroxide appears to have been a
contaminant in Well #3." In a memorandum from Mr. Richard W. Oldham
(SC DHEC, Groundwater Protection Division) to Mr. Paul Wise {SC DHEC,
Water Quality Assessment and Enforcement Division) dated May 2, 1988,
the following is stated:

"Routinely submitted monitor results have indicated high pH
in these monitor wells [wells W-3, W-10, W-12, and H-141.
The cause of this high pH in well W-12 may be caused by
grout contamination. The high pH in wells W-3, W-10 and
W-14 may be caused by spills or leaks from the adjacent and
upgradient caustic tanks/lines(?). If the high pH is
determined to be caused by grout contamination the monitor
well(s) should be replaced. If a caustic plume is present,
the horizontal and vertical extent should be determined."

Cone has never determined the extent of the "caustic plume." R&C
dug two trenches downgradient of the four tanks near Langston Creek.
Trench #3 was approximately 50 feet downgradient of W-3; Trench #4 was
further southwest. A sample taken on June 26, 1989, from Trench #3
had a pH of 8.0, a chromium concentration of 0.14 mg/1, and an arsenic
concentration of 23 pg/1. Because of the slightly elevated pH and the
arsenic content, this trench appears to represent the leading edge of
the "caustic plume.”

1.2.3.1.3 Blue Pond

The Blue Pond was Tocated in the Langston Creek Floodplain
southwest of W-6 and is ipgorrectly located on Figure 5 based on
historical air photographs. It was operated by Cone as a storage area
for logs used in dye and finishing machinery as cloth rollers. Copper
sulfate was added to the pond as a preservative and maintained at a
sufficient concentration to cause the water to appear blue in color.
Backwash water from Cone’s water treatment plant also was discharged
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into the pond. This backwash water contained sediment, aluminum
hydroxide sTudge and sulfates. Cone ceased the use of this pond more
than twenty years ago and filled it to the surrounding ground level,
This area was then used by Cone as a holding and drying area for dye
sludge removed from the Basement during July 4th plant shutdowns.

1.2.3.2 Basement Contamination

Throughout its operation, Cone discharged waste dye into the
Basement under the dye areas. Dye ranges four through six and the
Jiggs discharged into a concrete lined Basement sump area. Dye ranges
one and two discharged directly onto soil in the Basement. Since
1982, all waste was piped to sumps and trenches. Wastewater from the
dye range oxidation chemical boxes also flowed directly into the
Basement.

Hexavalent chromium combined with acetic acid were used until
1875 as the oxidation chemicals for a }argé part of the dyeing
processes. Approximately 10% of the chromium added to the washboxes
for oxidation would be absorbed onto the cloth. The remaining 90%
would be discharged into the Basement. According to a study conducted
by Cone, until the Tate 1950s approximately one-half of the hexavalent
chromium applied to the dyed material was not consumed in the
oxidation process and was discharged into the Basement in hexavalent
form, A chromium recovery unit was installed in the late 1950s to
reduce the amount of excess hexavalent wasted. Documented chromium
usage by Cone is shown in Table 5.

Because of the periodic stoppage of the drainage pipes and
ditches, the flooding in the Basement would provide significant
hydrostatic pressure to cause infiltration of these chromium and dye
wastewaters into the soil under the plant. During the 1970’s, Cone
became concerned about structural failure in the building due to
corrosion caused by continuous wastewater discharge into the Basement.
Piedmont Engineers reported a water bearing soil underneath the
Basement concrete in 1982 when structural testing and renovation was
performed. No water quality samples were obtained at that time. R&C
performed a boring, HP-5, and collected a shallow groundwater sample

GeoTrans,inc.
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Table 5. Documented Sodium Dichromate Usage by Cone.
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Year Sodium Dichromate Used (Pounds)
1803-1957 data not available
5/57-5/58 397,100
19581968 data not available

1969 680,695

1870 670,906

1971 856,155

1972 893,249

1973 486,281

1974 571,395

18758 248,026
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under the old dye ranges one and two in 1989. This groundwater
contained arsenic, barium, chromium and mercury at concentrations
higher than the respective MCL’s for these metals.

Cone removed contaminated dye sludge from the Basement area
during the annual July 4th plant shutdowns. In 1981, 1883, and 1984
Cone analyzed the dye sludge that was removed and found significant
concentrations of heavy metals (Table 6). Cone sent the dye sTudge to
GSX Pinewood as hazardous waste. In AFP’s investigation to determine
the source of the chromium contamination in the Langston Creek
Floodplain, samples were taken by R&C in 1988 in the Basement. AFP
discovered that all of the dye sludge had not been removed by Cone.
Again, high concentrations of heavy metals were found in the dye
studge left by Cone. The results from these analyses are given in
Table 6.

The metals found in the dye sludge correspond with the
contaminants found in some of the wells in the Langston Creek
Floodplain, the Wastewater Treatment Lagoon, Permitted Sludge
Landfill, and the Reedy River Floodplain. The resistivity data
collected by LAW in 1982 indicates that the chromium contamination may
extend well under the building.

The high concentrations of chromium and other heavy metals
indicates that the chromium contamination in the Basement is pervasive
and is evidence that substantial amounts of metal-containing dyes were
used by Cone. AFP represents that it has never used chromium or zinc
as an oxidizing agent. AFP has not had any flooding in the basement,
has diverted the influx of surface water from entering the basement,
and has substantially decreased the volume of process water used.

1.2.3.3 Aeration Lagoon

The Aeration Lagoon was constructed in 1965 as an equalization
basin prior to discharge of the wastewater into the Greenville Sewer
System. Prior to this time, most of Union Bleachery’s industrial
wastewater flowed, untreated, directly into the Reedy River via
Langston Creek. Stormwater from the area west of the main building
flowed through the Basement to ditches and the Aeration Lagoon. The
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Table 6. Metal Concentrations in Basement Dye Sludge.

Contaminant* 1981 1983 1984 1988
Arsenic <20 - - 3.8
Barium - - - 192
Cadmium 4.5 15 - 1
Chromium 9,850 40,250 2,800 7,596
Copper 1,065 2,400 - 394
Iron 63,250 - - 28,846
Lead 118 1,290 - 28.8
Mercury (ug/kg) 43.6 - - 480
Nickel 95 41 - 73
Zinc 4,075 4,650 - 904

*mg/kg unless otherwise noted
{(-) indicates that the sample was not analyzed for this contaminant.
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stormwater flushed much of the dye sludge from underneath the
building, and this was transported into the Aeration Lagoon.
Additionally, during July 4th shutdowns, some of the accumulated dye
sludge was washed down the ditches to the 1ift station and into the
lagoon by cleaning crews using fire hoses. A permit was obtained from
the SC DHEC to dredge the lagoon in 1974 and deposit the sludge in an
unsecured Tandfill northwest of the lagoon on the Union Bleachery
site,

The use of chromium by Cone as an oxidizing chemical was
dlscant}nu?§“}2i2%75 Even though the lagoon was dredged during 1975
sludge @eﬂ%am%aagédjgy.heavy metals remains in the lagoon because the
contaminated d&e sludge continued to be washed inte the lagoon by
stormwater runoff events. Wastewater samples collected by Cone in
1982 revealed metal contamination (see Table 7). According to a Cone
Inter-Company Correspondence to Tom Alspaugh and Arthur Toompas from
Lew Cadwallader dated December 1, 1982, "An average silt profile
across the lagoon appears to be about one inch--although sludge depth
is greater in two places."”

Cone temporarily started pumping well W-10 on December 2, 1883,
(Tetter to Andy Yasinsac (SC DHEC) from T.A. Alspaugh dated December o
7, 1983). According to Cone Inter-Company Correspondence to Lew VJ}V}H‘
Cadwallader from Arthur J. Toompas dated December 15, 1983; “ﬁ”ﬁw“ﬁ”*‘fwﬁ

the lagoon for another two weeks. "/xeﬁ’TTMé/83 “well W- 10 had 151 mg/1
chromium; on I1/8/83; WeTT W-10 had 166 mg/1 chromium. Cone
temporarily started pumping well W-2 on January 4, 1984, with water
being discharged to the Wastewater Lagoon (letter to Andy Yasinsac {SC
DHEC) from Arthur J. Toompas dated January 4, 1984}. According to a
Cone Note to Lew Cadwallader from Stan Gross dated 3/15/84, a series
of measurements shows that the chromium in the Lagoon reached a high
of 1.23 mg/1 on 1/24/84,

Beginning in 1988, additional studies were performed on the
Aeration Lagoon; Table 8 summarizes these studies. A sludge sample
and water sample were taken from the Aeration Lagoon on March 16,
1988. The chromium results were 3,200 mg/kg and 0.24 mg/1,

Ci%ffgﬁsiEzggreed to allow us to continue to pump we?? W-10 darectly~%x§
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1982 Aeration Lagoon sample.

Wastewater
Parameter {mg/1)
Arsenic 0.0023
Barium ND
Cadmium ND
Chromium 380
Copper c.1¢0
Lead ND
Mercury ND
Nickel 0.23
Selenium 0.012
Silver <0.00014
Zinc 0.09

= not detected
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Table 8. Summary of Aeration Lagoon data.

Date Method/Media Company

3/16/88 Grab Sample/Lagoon Wastewater R&C
(unfiltered)

3/16/88 Grab Sample/Lagoon Sludge R&C
{composition)

4/26/88 Hydropunch HP-3/Groundwater R&C
(unfiltered)

4/26/83% Hydropunch HP-4/Groundwater R&C
{unfiltered)

4/24/90 Grab Sample (SL-2}/Lagoon Sludge R&C
(composition/TCLP) RMT

6/19/90 Well RMT-4/Groundwater RMT
(filtered)

6/20/90 Well RMT-4/Groundwater R&C
(filtered) v

9/18/90 Well RMT-4/Groundwater R&C
{unfiltered)

R&C = Rogers & Callcott

40
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respectively. Another sludge Sample (SL-2) was collected on April 24,
1990. This time, the chromium concentration was 1,750 mg/kg. TCLP
was run on this sample, resulting in a chromium concentration of 0.12
mg/1. RMT conducted analyses on the same sample showing a chromium
concentration of 1,900 mg/kg and a chromium TCLP result of 0.07 mg/1.
Appendix A provides complete chemical analysis.

In 1989, two hydropunches (see for example Edge and Cordry, 1989)
were installed down gradient of the lagoon and groundwater sampled.
The chromium results exceeded the MCL with HP-3 containing 0.06 mg/}
and HP-4 containing 0.07 mg/1. RMT constructed Monitor Well RMT-4
near the lagoon in the proximity of Hydropunch HP-4. Groundwater
samples were collected on June 19-20, 1990, and September 18, 1990,
Results from these samples are compared to analysis from HP-4 in
Table 9. In spite of the difference in dates and sampling methods,
the results are similar. For the filtered samples, Tess chromium is

. present. This is probably due to the presence of particulate matter
in the unfiltered sample that contained sorbed chromium. Figure 7
illustrates the locations of samples taken in and around the Aeration
Lagoon.

1.2.3.4 Permitted Sludge Landfill
Cone applied for a permit to dredge the Wastewater Treatment

Lagoon in 1974 and began the actual dredging operation in 1975,
Originally, Cone proposed to dispose of the dried sludge in a sanitary
landfill, but later requested SC DHEC approve burial of the sludge on
the Union Bleachery property. The permit issued by SC DHEC in 1975 to
allow Cone to landfill this sludge appears to have been granted based
on incomplete and erroneous information. Sample analyses and
calculations prepared by Cone in 1984 show that as much as 250,000
pounds of chromium were placed in the Sludge Landfill. Cone also
obtained soil samples from this landfill in 1984 prior to the sale to
AFP. Cones soil analysis revealed chromium concentrations up to

£ 17,000 mg/kg. A summary of data collected to date is shown in

Table 10. Figure 8 shows the location of the sampling points.

GeoTrans,inc.
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Table 9. Groundwater samples taken near the Aeration Lagoon in

mg/1. R&C data unless otherwise noted.

RMT-4

Parameter HP-4' Filtered® Unfiltered® RMT*
Arsenic 0.014 <0.01 <0.01 <0.003
Barium 0.20 6.08 0.21 0.07
Chromium 0.07 <0.02 0.04 0.003
Lead <0.1 <0.005 0.046 <0.003
Mercury <0.001 <0.001 <0.0601 <0.0002
Silver <0.01 <0.01 0.03 <0.001

'Sample collected April 26, 1989 - unfiltered
2Samp1e collected June 20, 1990

Samp?e collected September 18, 1990

“Sample collected June 19, 1990 - filtered

42
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Table 10. Summary of Sludge Landfill data.

Date Method/Media Company
1/21/88 Borings B-1, B-2, & B-3/So0il R&C
3/17/88 Grab L4-2/S0i1 R&C
4/24/89 & Hydropunch HP-1 & HP-2/Sludge  RA&C
4/25/89 & Groundwater
5/08/90 Grab Sample B-1E/Sludge RMT
{Composition/TCLP)}
5/08/90 Grab Sample SL-1/STudge R&C
(Composition/TCLP)
6/19/90 Wells RMT-1, RMT-2 R&C
& RMT-2A/Groundwater RMT
{filtered)
9/18/90 Wells RMT-1, RMT-2 R&C
& RMT-2A/Groundwater
{unfiltered)

R&C = Rogers & Callcott
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In 1989, R&C obtained soil samples from the Sludge Landfill and
water samples by means of a hydropunch beneath the landfill. The
hydropunches were planned to be installed down gradient of the
landfill. Because of the inaccurate Cone drawings used to locate the
hydropunches, both penetrated the landfill. The hydropunch results,
shown in Table 11, reveal high concentrations of chromium and other
metals in the soil and a chromium concentration in the groundwater
beneath the landfill that exceeds the MCL for chromium.

RMT drilled two wells slightly downgradient of the location of
Hydropunch HP-2. RMT-2 is an upper (shallow) saprolite well, whereas
RMT-2A is a lower saprolite (auger refusal) well. R&C sampled the
wells on June 19, 1990, and September 18, 1990. For the first
sampling, the chemical analysis was performed on filtered water; the
second used unfiltered water. Although the samples were taken on
different dates, which can produce chemical variations, the main
reason for chemical differences between the two dates is probably due
to filtering versus nonfiltering. RMT also sampled the wells on June A
19, 1990. Results from R&C are shown in Table 12. A comparison of
R&C and RMT results is provided in Appendix A.

As may be noted, filtering appears to have reduced concentrations
of all parameters. This indicates that many of the metals are
attached to fine particles. For example, given the iron content in
the unfiltered sampie, chromium is most likely sorbed to iron
hydroxide. Puls and Barcelona {1989) point out that "Metal
contaminants may move through fractured and porous media not only as
dissolved species, but also as precipitated phases, polymeric species
or adsorbed to inorganic or organic particles of colloidal
dimensions."” They further state "that use of a 0.45 micron filter was
not useful, appropriate or reproducible in providing information on
metals mobility in groundwater systems, nor was it appropriate for
determination of truly ‘dissolved’ constituents in groundwater.®

It should also be noted that drinking water wells are not
generally filtered. From the drinking water perspective, MCL’s should
be applied to unfiltered water. Note that MCL’s for cadmium and
chromium are exceeded in the unfiltered sample from the alluvium well.

b
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Table 11. Sludge Landfill analyses. N
S
Sludge Groundwater
Parameter Cone 1984 HP-1 HP-2 HP-1 HP-2
Arsenic 2.7 2.6 0.029 0.024
Barium 221 34 0.8 1.4
Chromium 17,000 38,460 5,860 5/2.6 'KC.4§;
[Ny -
Lead 48 8.6 <0.01 0.2
Mercury <0.1 .14 <0.002 <0.004
Soil results in mg/kg and water samples in mg/l
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Table 12. Groundwater sampling results (R&C) from downgradient of

the sludge burial area.

otherwise noted.

Results in mg/1 unless

48

RMT-2' RMT-2A%
Parameter Filtered® Unfiltered® Filtered® Unfiltered
Barium 0.07 1.09 0.04 0.27
/" Cadmium <0.01 : 0.@2%. <0.01 0.01
/ Chromium <0.02 /0.06~ <0,02 0.03
Lead, ug/1 <5.00 ?5':};3 <5.00 23.00
Silver <0.01 <0.01 <0.01 0.14
Copper <0.01 0.06 <0.01 .03
Iron 0.03 80.00 <0.02 44.00
Manganese 0.81 3.30 0.23 0.56
Magnesium 1.70 7.60 2.40 7.60
Calcium - 3.50 . 7.90
Sodium - 7.40 - 6.60
Potassium - 13.00 - 13.00
pH, units 4.9 4.8 6.4 6.4
Eh, mV - 342 .- 306
‘Upper saprolite well
% ower saprolite well
*sample taken June 19, 1990
“Sample taken September 18, 1990
GeaoTrans,inc.
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RMT performed the Toxicity Characteristic Leachate Procedure
(TCLP) on a sludge sample from the sludge burial area. TCLP is a
laboratory procedure to determine the leachability of a solid. If it
exceeds regulatory values for specified chemicals, the solid is
classified as a hazardous waste. It replaces the EP toxicity test.
As may be seen in Table 13, which shows data from several locations,
the TCLP value for chromium from the landfill sludge is 2.8 mg/1.
This is below the regulatory limit but significant considering the
possible 250,000 pounds of chromium contained in the landfill
(Edwards, December 30, 1974} and sandy soil within which the landfill
is situated (Froehling & Robertson, February 26, 13975 letter to A.C.
Edwards from M.H. Woodward). A comparison of RMT and R&C results are
included in Appendix A. Figure 8 shows the locations of samples taken
in and around the Sludge Landfill.

1.2.3.%5 Reedy River Floodplain

The Reedy River Floodplain was used by Cone as a solid waste
Tandfill through the late 1960s. Historical aerial photographs and
interviews with former Union Bleachery employees revealed that large
portions of the Reedy River Floodplain, between the railread tracks
and the Reedy River, were used as an open dump for solid waste
disposal. Coal ash from the boiler operations is one of the major
constituents of the waste deposited in this area. Construction
debris, including asbestos and general paper waste from offices and
production floor waste, also were deposited throughout this area. Dye
sludge that had collected underneath the dye ranges in the Basement of
the plant and which was cleaned out during the July 4th shutdowns was
deposited for many years in this area. Local residents also used this
area as a waste dump for general household trash.

During the Preliminary Investigation, several groundwater,
surface water, and soil sampling studies were performed and are
outlined chronologically in Table 14, with sampie locations shown in
Figure 9. An EM31 ground conductivity survey was performed in
February and March 1988. This type of geophysical survey records
electrical conductivity of subsurface materials. These readings may

GeoTrans,inc.
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Table 13. RMT’s results from the TCLP in mg/1.

Landfill Lagoon

Dye Range Sludge

Regulatory  Sludge Sludge
Parameter Level St-1 SL-2 SL-3 SL-4
Arsenic . 5.00 <0.003 <0.01 <0.01 <0.003
Barium 100.00 0.72 0.59 <0.01 1.3
Cadmium 1.00 0.008 <0.01 <0.01 <0.005
Chromium 5.00 2.80 0.12 0.24 0.04
Copper -- <0.02 <0.01 0.63 1.1
Iron - 0.8 38.00 0.29 <0.1
Lead 5.00 <0.1 <0.02 0.15 <0.1
Magnesium .- 13.00 12.00 13.00 11.0
Manganess - 1.1 4.00 0.63 0.55
Mercury 0.20 <{.0002 <0.002 <0.002 <0.0002
Selenium 1.00 <0.003 <0.01 <0.01 <0.003
Silver 5.00 <0.01 <0.01 <0.01 <10.00
Zinc -- 8.5 0.2 1.0 1.3
GeoTrans,inc.

50




Table 14.

42
Chronolegy of Reedy River Floodplain sampling.

2/88-3/88

6/89

1/90-2/90

2/90

4/90

R&C performed an EM31 ground conductivity survey.
Survey lines were spaced 200 feet {+ or -} apart.

R&C took six shallow soil Samples (L1-8.5, L15-3.5,
L14-2, L13-3.75, L12-2, and L12-4) for analysis of
arsenic, barium, chromium, lead, mercury, selenium,
silver, zinc, cyanide, phenol, VOAs, acid extractables,
and base neutral extractables.

R3C sampled soils and waters from two trenches
(Trenches #1 and #2) and surface waters and debris in
the Reedy River Floodplain. The trench samples were
analyzed for pH, chromium, arsenic, barium, lead,
mercury, silver, and PCB.

R&C performed a second EM31 ground conductivity survey
using anecdotal information from previous employees,
aerial photos, and the previous EM31 to better locate
potential waste disposal sites.

R&C sampled soils and waters from two trenches
{Trenches #5 and #6) and from surface debris materials.
Trench waters were analyzed for chromium, volatile
solids, arsenic, barium, cadmium, lead, and mercury.
Trench soils were analyzed for chromium, volatile
solids, arsenic, barium, cadmium, lead, mercury,
BYU/1bs, % ash, and total solids. Surface debris
material and waters were sampled for pH, chromium,
arsenic, barium, lead, and mercury. Tiles and
insulation samples were analyzed for asbestos content.

RMT sampled soils at S$S-5 located west of the
approximate location of the sludge burial area. This
sample was analyzed by R&C for chromium, arsenic,
barium, cadmium, copper, iron, lead, magnesium,
manganese, mercury, selenium, silver, and zinc.

Geolrans,inc.
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be related to buried metal objects or conductive contaminant plumes.
To the extent possible, high ground conductivity trends along with
soil analyses were utilized to locate potential trench sites for
further studies.

Soil analyses performed by R&C in February and March 1988 show
evidence of elevated metal concentrations in the Reedy River
Floodplain. The metals found were the same metals as found in the dye
sludge from earlier operations. The elevated metal concentrations are
noted when compared with a background soil location B-1, located
upstream from the Reedy River Floodplain soil samples. Although
elevated above background levels (B-1), none of the samples exceed
proposed RCRA action Tevels for soils, however, a Cone sample result
in 1984 prior to the sale did exceed the RCRA action level for
chromium.

Based on the EM31 survey, trenches #1 and #2 were completed in
June 1989. Trench #1 was located approximately 200 feet northwest of
the Reedy River pump house. Various materials were detected including
coal, soils, roofing materials, water, and orange silt. Soil samples
had pH values ranging from 6.0 to 8.9 and chromium values from 16 to
156 mg/kg. A water and sediment grab sample from the same trench had
a pH of 3.1 and a chromium level of 456 mg/kg. This exceeds the
proposed RCRA action level of 400 mg/kg (Federal Register, Vol. 55,
No. 145, Friday, July 27, 1990). A water grab sample taken from the
same trench yielded a pH of 3.1 with a chromium level of less than
0.05 mg/1, the drinking water standard. A pH of 3.1 exceeds the
bounds of a secondary MCL for pH.

Trench #2 was located 850 feet upstream from Trench #1. All
samples {soil and water) yielded results within the proposed RCRA
action level standards and were at levels near background levels in
soil Sample B-1.

In January and February 1990 R&C performed a more detailed EM31
ground conductivity survey using knowledge gained from previous
employee interviews, aerial photos, and the previous EM31 survey.

" Because of the presence of disposed materials on the floodplain,
surface samples of potentially contaminating materials were sampled in

GeoTrans,inc.
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February. The results of these samples show proposed RCRA action
Tevels were exceeded in a surface water sample taken northwest of
Trench #2. Levels indicated that mercury had exceeded drinking water
standards (3.3 ug/1 versus 2 ug/1). Samples of tiles indicated a 40%
asbestos content. Results of these surface samples and the EM31
survey were used to select trench excavation locations.

In February 1990 R&C excavated two additional trenches (Trenches
#5 and #6) in the Reedy River Floodplain. Grab samples of waters in
both these trenches exceeded drinking water standards for lead and
chromium levels (0.05 mg/1). Trench #6, located near the Reedy River
pump house, had levels of 0.35 and 0.08 mg/1 for chromium and lead,
respectively. Trench #5 had levels of 0.06 and 0.09 mg/1 for chromium
and lead, respectively. RCRA action levels are exceeded in Trench 6
for lead and Trench 5 for chromium and lead.

RMT selected soil sample location $S-5, upgradient from all other N
soil Tocations along the Reedy River. Analysis of this sampie by R&C
yielded results similar to background levels as detected in B-1,
located up the hill from S5S5-5 off the floodplain.

Based on the results of the Preliminary Investigation of the
Reedy River Floodplain, it appears that the landfilled materials
placed on the floodplain have caused environmental damage. Because
RCRA action levels have been exceeded at several locations, the
floodplain presents a potential liability for present and future
landowners.

1.2.3.6 Chromium Tank and Lines

Beginning in 1960, sodium dichromate was delivered to the Union
Bleachery dye houses via railroad tanker cars. These railroad cars
followed a railroad spur lying northwest of the Union Bleachery Plant
(Figure 10}, Sodium dichromate was then pumped through a two-inch
diameter supply line to the 13,500 gallon chromium holding fank. As
shown in Figure 10, this line traveled outside along a southeastern
wall of a warehouse. At the line’s entry point into the warehouse, a
pump was used to pump the chromium uphill towards the chromium holding
tank. This line exited the warechouse and proceeded a shori distance
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underground to the chromium holding tank. Chromium then was pumped

from the tank and transferred to the dye house via a delivery line.

Previous reports incorrectly indicated that the alignment of the

chromium delivery line was oriented from the chromium tank directly to

the dye house as shown in Figure 5. The line, formerly believed to be

the chromium deliver line, was determined to be a former fuel line and

not the chromium delivery line. Prior to its use as a chromium tank,

the 13,500 gallon tank had been used as a fuel oil storage tank.
Letters and reports by both LAW and S&ME indicate that neither

consultant was requested by Cone to investigate and determine the

source nor did either conduct such an investigation upon its own

initiative. In July 1990, an investigation was begun by AFP to

determine if pipeline stub outs near the location of the former §r§yd

chromium tank were chromium lines. “a. reﬂﬁyﬁ
The chromium line and tank have been suspected as the source of gc&‘

the chromium contamination in the Langston Creek groundwater system, ﬁgﬁLQJQSZ”“

even though chromium usage was discontinued in 1975. According to a $

Tetter to Mr. Arthur Toompas (Cone) from Stephen Hooper and James

Kahle (LAW) dated July 15, 1982:

"The most Tikely source of chromium in the groundwater was a
break in the Tine between the o01d chromium storage tank and
the dyeing area. The exact source of the chromium may never
be known."

In July 1990, a contractor was engaged by AFP to pressurize both the
old and new chromium delivery lines. The newer of the two lines
(stainless steel} held, whereas the older line (carbon steel) failed
to hold pressure and a seep was detected in the overlying pavement.
SC DHEC and Cone were notified that chromium was discovered in these
Tines. Further investigation of the tank and lines was included in
the RI.

1.2.3.7 Hydrocarbon Contamination
In April 1982, W-8 was installed by LAW. On the Observation Well
Record, an "aroma of fuel oil in samples™ was noted. In October 1987
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R&C sampled W-8 and noted the odor and appearance of petroleum product
in the water. In March 1988 R&C checked W-8 and noted approximately 6
inches of "free product.®

In a memorandum from Mr. Richard W. Oldham (SC DHEC, Groundwater
Protection Division) to Mr. Paul Wise (SC DHEC, Water Quality
Assessment and Enforcement Division) dated May 2, 1988, the following
is stated:

"Strong hydrocarbon odor was observed by Department
personnel (Wise, Milam and Oldham) in monitor well W-8
during the October 27, 1987 site visit., This well should be
sampled and analyzed for Priority Pollutant organic
compounds plus xylenes and total organic carbon. The
analytical results should be submitted with the next routine
monitoring report. If a hydrocarbon impact exists, the
magnitude and horizontal and vertical extent will have to be
determined.”

The hydrocarbon does exist, and its extent was never determined by
Cone.

In about September 1989 Cone collected and analyzed a sample from
W-8, According to their Technical Services Report dated November 8,
1989, the sample contained 50 ppm volatiles from petroleum
hydrocarbons. This sample had approximately 1 g of separate phase
petroleum hydrocarbons floating on top; extraction found another 1.3
g, yielding a total of 2300 mg/1 (ppm) Total Petrcleum Hydrocarbons
{TPH}. GC/MS analysis showed this to be medium to Yong chain alkanes
and alkanes typical of kerosene or diesel fuel. It is worth noting
that MW-8 is located near a previous diesel powered fire pump site.

In about November 1989 Cone collected and analyzed a sample from
W-8. According to a Cone Technical Services Report dated December 18,
1989, there was 0.4 ml separate phase petroleum hydrocarbons floating
on top of 1 Titer of water. There was an additional 0.4 ml petroleum
hydrocarbons dissolved in the water, yielding a total of 800 ppm TPH.
The petroleum hydrocarbons were a mix of alkanes and aromatics
inciuding methyl naphthalenes {(not unusual for petroleum distillates).
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No benzene, toluene or ethylbenzene were detected at the high
sensitivity level of 500 ppb.

According to a Cone Technical Services Report dated January 15,
1980, two samples were collected from W-8 on December 18, 1989, and
January 10, 1990. Neither had separate phase petroleum hydrocarbon.
Both contained 0.5 ml of petroleum hydrocarbons in 1 liter of water or
500 ppm TPH. According to their February 28, 1990, Technical Services
Report, a sample taken from W-8 contained 400 ppm TPH. The water had
a "strong fuel smell and organic scum layer on top."

On March 6, 1990, both Cone’s Consultant, RMT, and R&C sampled W-
8. R&C sampied before purging the well and reported 250 mg/1 (ppm)
TPH; after purging the well, an additional sample was taken that
contained 3600 mg/1 TPH. RMT’s results were 300 and 7300 mg/1,
respectively. RMT stated that the “hydrocarbons present do not
resemble diesel, although quantifies using a diesel standard.* Cone
collected another sample on March 22, 1990, that contained 250 mg/1.

According to Cone’s Technical Services Report dated April 11,
1990, the water had a "strong fuel smell and organic layer on top."
Cone further reported that the water contained 300 ppm TPH.

In summary, petroleum hydrocarbon has been suspected or observed
in W-8 throughout its eight year history. The extent of this
contamination needs to be defermined.

1.2.3.8 Background Soil and Groundwater Quality

As discussed in previous sections, background conditions for
groundwater and soil have been characterized at monitor well RMT-1 and
soil boring B-1, respectively (Figure 8)., Table 15 provides
groundwater and soil quality data for these two locations. Other
background wells were drilled as part of the RI and will be discussed
later. As may be seen in Table 15, for groundwater, most of the
constituents are below the respective detection levels. For soil, the
constituents have relatively low concentrations that are within the
range of concentrations of inorganic compounds in soil for Georgia,
South Carolina, and North Carolina (Chronical analyses of soils and
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Table 15. Background groundwater and soil quality resuits of 6/90
and 12/90 RMT-1 groundwater and 1/88 B-1 so0il analyses.

REY-4 8-1
{Grounduater) {Soil)
&£/90 12799 1788
PARRMETER
R &C(FY RMY (F) RE&C RHT RE&C(F) | RAT (F) RRC*
Arsenic <.01 <. 003 <.01 <, 003 <. 01 <, 003 4.9
Harium 07 .06 .12 .16 06 06 70
Cadnion <. 01 L0007 <.0% <. 0003 <. 01 D004 <1.0
Chromium <.02 <. 002 <.02 <.002 <. 02 <. 002 40
Copper <. 01 <. 02 <.0% <. 02 <, 01 <.0¢ 4.0
iren <.02 <.10 e v v . -
Lead <, D05 <.003 <. 00% 006 <, 0% <, 003 <10
Magnesium .36 <. 50 .. .o e - vu
Hanganese .01 011 .08 .16 <. 01 .008 ==
Hercury <, 001 <. 0002 - - et wee <0,
Selenium <, 01 <. 003 <.0% <. 003 <. 01 <. 003 <1.0
Stlver <, 31 <.00% <.01 <. 01 <. 0% <. 01 <1.0
Zine 1% .02 - won . . 18
VOC*s - - - e “u nm ND
Semi~VOL's - - - e - o ND
Phenol “-- o .- .- .o e <06
Cyanide - - .o v - .- «2.8
Antimony . .- - - - - o <20
Beryilium <o - wm e - - <i.0
Kickel o wwn e ven L e 5.0
ThaiLiun ot = “m =r - - <ig
Alkalinity <5.0 <2{ - o o - xe-
Hardness <5.0 6.7 --- - -n - o
pi, units 4.6 - 5.0 e .- -vs --
Cord, pmhos/om 40 e 35 - - - mn
7. ¢ 21 -v 15 o - -nm iy
Results in mg/l unless noted.
{F} = Fittered Sample
* Results in mg/kg
ND = Hot Detected
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other surficial materials of the conterminous United States, U.S.
Geological Survey Report 81-197, 1981).

1.3 IDENTIFICATION OF OPERABLE UNITS FOR RI

Based on the suspected and known releases or threatened releases
of hazardous substances discussed in Section 1.2.3, the following
operable units were identified for the Remedial Investigation and
Feasibility Study, Figure 11. The operable units are groupings of
structures, disposal areas, and environmental media combined in order
to expedite field investigations and remedial actions. Groundwater,
as indicated in Figure 11, is identified as the Langston Creek Aquifer
and is included as a separate operable unit, Operable Unit 9.

Operable Unit + 1 Permitted Sludge Landfill
2 Aeration Lagoon
73 Reedy River Floodplain
4 Basement Sludges
5 Chromium Tank and Lines
~"6  Fuel Tank, Line, & W-8
77 Caustic Plume
-8 Blue Pond

9 Langston Creek Aquifer

1.4 REPORT ORGANIZATION

This report is organized to facilitate the completion of the RI
reporting requirements. The three sections of the report follow the
suggested RI report format contained in the "Guidance for Conducting
Remedial Investigations and Feasibility Studies under CERCLAY (EPA,
1988). Section 2 discusses the field activities associated with the

site characterization; Section 3 provides the physical and chemical
results of the field investigation.
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Z REMEDIAL INVESTIGATION

This section of the report describes the RI field investigations
performed at the Union Bleachery site. The number and locations of
monitor wells and soil borings, as well as surface samples are
described for each operable unit. Because of the extensive laboratory
analyses performed on the varying sample types, the descriptions of
these analyses are referenced by each operable unit to the
constituents listed in Table 16. The {ggglis_of all sample analyses
performed during the RI are presented and discussed in the next
section {Section 3) of this report.

A1l sample collection, sample handling, and equipment
decontamination procedures have been previously described in detail in
GeoTrans Work Plans and Quality Assurance Plans submitted for the site
(GeoTrans, 1990a, 1990b, 1991a). Therefore, these procedures are not
discussed in the following presentation unless not previously
addressed.

2.1 CONTAMINANT SOURCE INVESTIGATIONS

Sampiing of soils, sludges, and/or contaminants was conducted at
Operable Units one through eight to determine the nature and extent of
contamination in the unsaturated zone above the water-table. Monitor
wells were installed to determine if releases from the operable units
to groundwater had occurred and if so, to determine the nature and
extent of contamination.

Monitor wells that were installed in the Langston Creek
Floodplain where the contaminant source was not clear, are discussed
in Sectien 2.2. The scope of work performed at each operable unit is
discussed below.

2.1.1 Permitted Sludge Landfill (Operable Unit 1)

Soil boring and sampling were conducted at the four locations
designated with LB in Figure 12. The purpose of this sampling was to
characterize the buried sludge through the collection and analyses of
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Table 16. Union Bleachery site RI groundwater analyses.

Metals

Anions

. Arsenic

. Barium

. Cadmium

. Total Chromium
. Hexavalent Chromium
. Iron (II, III)
. Lead

* Mercury

* Selenium

. Silver

. Copper

. Manganese

. Asbestos

. Magnesium

’ Magnesium

N Calcium

. Sodium

. Potassium

Sulfate

Chloride

Nitrate

Phosphate

Alkalinity

Others

Total Organic Carbon

Total Dissolved Solids

Total Suspended Solids

Yolatile Organic
Compounds

Acid and Base Neutral
Extractable Compounds

Field Parameters

pH

Eh

Dissolved Oxygen

Temperature

Conductivity

Turbidity
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a representative number of samples. Sludge samples were analyzed for
metals and Toxic Characteristic Leaching Procedure (TCLP) metals.

Monitor well USF-18 was installed by AFP on March 28, 1991 as a
water-table well to complete the characterization of groundwater
downgradient of the landfill. Well specifications for USF-18 are
provided in Table C (Appendix C) and a well construction as-built
diagram is included in Appendix C. Groundwater was sampled in April
1991 and analyzed for Table 16 constituents minus organics and
asbestos to identify effects of the buried sludge.

2.1.2 Aeration Lagoon (Operable Unit 2)

A study to determine the volume and compositional characteristics
of sludge in the Aeration Lagoon was conducted as part of the RI in
the Spring of 1990. Aeration basin volume was calculated by a field
survey of the water surface and by using a typical bank slope and
water depth. Suspended and settled sludge was sampled on February 5,
1991, at approximately thirty locations in the basin. Samples were
taken with a long clear plastic sampler ("sludge judge"), which
provided a cross section of the entire 1iquid and sludge depth at the
sample point. These samples were composited into four 5-gallon
containers. A mixed sample of each container was analyzed for total
suspended solids and total volatile suspended solids. Suspended
studge from the 5-gallon samples was dewatered by filtration. Fifteen
gallons of sample were filtered through a pilot filter of
approximately 6 inches of sand with effective size of 0.92 to 0.99 mm.
Solids retained on the filter were allowed to air dry for 10 days.

The sample of composite sludge was analyzed for metals and TCLP.
Figure 13 identifies the locations of data collected during the RI and
Preliminary Investigations for the Aeration Lagoon.

2.1.3 Reedy River Floodpiain (Operable Unit 3}

2.1.3.1 Groundwater Investigation
Three monitor wells were installed in September 1990 by AFP to
characterize groundwater conditions in the Reedy River Floodplain.
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Wells USF 1, 2, and 3 are completed within the water-table zone of the
aquifer with screened intervals between 4 and 14 feet below
landsurface. Well specifications are provided in Table ¢ (Appendix ()
and well construction as-built diagrams are included in Appendix C.
Figure 14 illustrates the locations of these USF wells and previous
sample locations. Groundwater from USF Wells 1, 2, and 3 was sampled
on three occasions; 9/90, 12/90, and 4/91. Analyses included metals,

<EEZ§, base neutrals and acids (BNAs), and asbestos.

2.1.3.2 Air Investigation

An aggressive air sampling of asbestos tile exposures was
conducted in June 1991. The purpose of this sampling was to evaluate
air migration of asbestos fibers. These samples were collected on
June 16, 1991 and analyzed using Transmission Electron Microscopy
(TEM) as per the Asbestos Hazard Response Act (AHERA), 40 CFR Part
763. TEM was the analysis method used because it is capable of
guantifying the asbestos fibers concentration in the air.

Initial inspection of the site indicated that at least three
major areas contained tile suspected of containing asbestos. Cone
employees stated that this material was transite insulation
originating from dye range hood insulation that was disposed of in the

~ landfill during dye range renovations. As per the National Emission

Standard for Hazardous Air Pollutants (NESHAP), the tile debris was
classified as Category I, non-friable asbestos transite, which is a
regulated material.

One TEM sample was collected in each area shown in Figure 14. A
summary of the sample locations is presented below.

Sample No. Location
01 Hi1l area with tiles
02 Road area with tiles
03 Railroad track area with tiles

The sample locations were selected randomly but in close proximity to
the three identified areas. The actual sample media was positioned
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downward and approximately 5 feet from the ground. Aggressive walking
within the subject areas was performed during the sampling to simulate
human activity. Samples were collected for TEM analysis on 0.45
micrometer pore size, mixed cellulose filters. Air was drawn through
the filter media using battery-operated air sampling pumps calibrated
to collect a known volume of air. The pumps are calibrated using a
precision rotometer traceable to a primary standard. The samples were
sealed immediately after collection and transported to the laboratory
for analysis. A detailed description of the asbestos sampling is
incliuded in Appendix E.

2.1.3.3 Surface Water Investigation

Surface water from the Reedy River was sampled twice: $/90 and
4/91. Analyses included metals, organics, and asbestos. As it was
determined that friable asbestos containing materials were buried in
the Reedy River Floodplain, analyses of Reedy River water was required
to determine if asbestos fibers were being discharged to the surface
water. Two grab samples from the Reedy River, one upstream of the
floodplain unit and one downstream of the floodplain unit (Figure 14),
were collected on April 10, 1991. Analyses of these samples included
turbidity and asbestos fibers. An ecological study was also conducted
in the Reedy River and is described in Section 2.2.3.

2.1.4 Basement (Operable Unit 4)

A two-phase RI characterization of the sludge, shallow soils, and
shallow groundwater within the Basement of the Union Bleachery
facility was completed. The purpose of this investigation was to
determine sludge composition, volume of sludge remaining in the
Basement, and the environmental effects of the sludge.

The first phase of this investigation, conducted in August 1990,
inciuded six soil borings, samplings and analyses locations for
shallow soils underlying the surficial sludge layer. As part of this
phase, six shallow groundwater samples were collected via the
hydropunch method in the soil borings. Soil and groundwater samples
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were analyzed for metals., The locations of these soil borings,
designated HP-7 through HP-12, are shown in Figure 15.

In January 1991, a comprehensive sludge sampling and analysis was
conducted as the second phase of the RI Basement siudge
characterization. Approximately 45 sludge samples were collected and
analyzed to determine the nature and extent of sludge bensath the
facility. Samples were first analyzed for metals. Subsequently,
samples with high metals concentrations were analyzed for TCLP. The
locations of these Basement sludge samples are also shown in
Figure 15,

2.1.5 Chromium Tank and Lines {Operable Unit 5)

To assess the chromium contamination related to the chromium
tank, the chromium supply lines and delivery lines, a series of
chromium line fluid sampling, shallow and deep soil sampling and
groundwater sampling were performed (Table 17).

Cone hired Bryson Industries to clean out twe of the chromium
lines on August 27, 1990. R&C representatives were present for
observations and split sampling. Fluids evacuated from both chromium
Tines were combined. A fluid sample from these lines was provided to
R&C and RMT by Bryson. Analysis of the sample confirmed that the
liquid was highly concentrated sodium dichromate with hexavalent
chromium levels up to 405,000 mg/1.

The seep in the pavement discovered July 17, 1990, was excavated
down to the fuel oil line, 3 feet below ground surface. A soil sample
was split by R&C and RMT from a tight clay where there was evidence of
a corrvosion induced pinhole in the old fuel line. Total chromium
Tevels here were measured at 20 to 54.9 mg/kg (Table 18), which are at
background concentration for the plant. The excavated seep in the
pavement coincided with an old fuel Tine which crossed the chromium
delivery lines. Because the chromium holding tank had been used
previously as a fuel tank, the old fuel line was suspect for chromium
migration. Field and excavation tests of the fuel line confirmed that
this pipe was not connected to the chromium system.
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Chronology of chromium tank and line investigations.

7/90

8/27/%90

10/1/90

10/8-12/90

10/16/90

12/90-1/91

1/16-25/91

2/91

4/91

1/91-2/91

Chromium delivery lines were pressurized. Older of two
(2) Tines did not hold pressure. Chromium discovered
in chromium delivery lines.

RMT evacuated two chromium lines. RMT and R&C split
soil and chromium line fluid samples. These samples
were analyzed for total chromium and hexavalent
chromium, respectively.

Four (4) soil samples from the CFA were taken and
analyzed for total chromium by R&C.

Four Seasons removed chromium from and cleaned the
chromium delivery and supply lines. Chromium delivery
lines were pressurized with helium and a helium
detector was used to locate leaks within the chromium
delivery lines.

Seil samples from the single detected helium leak were
taken and split by R&C and RMT.

Characterize and remove stainless steel and galvanized
chromium delivery lines. Collect shallow soil samples
in pipeline trench, beneath asphalt loading area, and
in the CFA. Soil samples field screened for hexavalent
chromium, and selectively analyzed for total chromium
and TCLP chromium.

Drill and sample five (5) borings along alignment of

(DL for vertical extent of chromium contamination in

the unsaturated zone. ODrill and sample three (3)

borings in the CFA for vertical extent. Soil samples

field screened for hexavalent chromium, and selectively zdﬁf
analyzed for total chromium and TCLP chromium. W

. 7
Sample Wells: USF-4, 5, 6, 7, 8, and 9 installed for gt k3
nature and extent of contamination from chromium tank )
and Tines. Groundwater analyses included metals. ’?gnobgqg g}d“
Sample Wells: USF-9A, 15, and 24 installed for nature Q*€ﬁ§~£kid%y;
and extent of contamination from chromium tank and éi e
Tines. Groundwater analyses included metals. @mﬁ’v
¢
Drill and sample soil borings for nature and extent of
contamination from chromium tank and lines. Soil

samples field screened for hexavalent chromium, and
selectively analyzed for total chromium and TCLP

© ¢hromium.
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Table 18. Chromium analyses related to chromium holding tank and
associated lines,

Sample Description

Soil Samples

Total Chromium ]
Concentration (mg/kg)

Sample Date

Fuel/chromium Tine
excavation

Chromium fill area #1
depth 0-8 inches

Chromium fi1l area #1
depth 6-10 inches

Chromium fi11 area #2
depth 0-6 inches

Chromium i1l area #2
depth 6-10 inches

01d chromium line,
soil composite
above leak®

01d chromium line
sei?sccmpesﬁte below
Teak

0ld chromium line
Teak®

Sampie Description

8/27/90

10/1/90

10/1/90

10/1/90

10/1/90

10/16/90

10/16/90
10/16/90

Hater/Fluid Samples

Hexavalent Chromium“
Concentration {mg/1)

Sample Date

20%/54.9°

6900°
4700°
4700°

2400°

11°

2980°
2600°

Fluids from chromium
delivery lines
Fluids from chromium
delivery lines

8/27/90
8/27/90

285,000°
405,000°

National Action Level is 400 mg/kg (Federal Register, 55{145)).
Rogers & Callcott Engineers, Inc.

2
RMT Laboratories

“National Drinking Water Standard is 0.05 mg/1

Sample Tocation corresponds to station CDL-9+7.6, Figure 16.
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On October 1, 1990, four soil samples were taken in the area
where chromium was delivered by rail car. This area was designated as
the chromium fi11 area (CFA). These samples were taken at the
chromium input Tocation from soil beneath the terminus of the chromium
tank fill Tine and from discolored soil beneath the chromium tank fil1
pump where the chromium line enters the warehouse. Shallow samples at
0 to 6 inches and 6 to 10 inches were taken; levels of total chromium
ranged from 2400 to 6900 mg/kg. In addition, a TCLP analysis was
performed on the top 6 inches of Sample CFA-1. The chromium TCLP
concentration was 6.8 mg/1, which is above the regulatory level and
thus this soil is a characteristic hazardous waste.

During the week of October 8-12, 1990, the chromium delivery
Tines were pressurized with helium, and a helium detector was used to
Tocate leaks within the chromium lines. Only one helium leak was
detected and on October 16, 1990, an excavation was made to locate the
section of leaking pipe. A soil composite from each backhoe bucket
removed above the Tocated leak was taken by R&C. This composite
represents about an 8-foot horizontal profile because the leak was not
found immediately. A quarter-inch diameter leak was found in the old
carbon steel chromium delivery Tine. An additional sample was taken
below the chromium Tine leak location. Total chromium analysis of the
sample above the chromium line had a Tevel of 11 mg/kg whereas total
chromium levels below the chromium Tine showed levels of 2600 to 2980
mg/kg.

AFP hired Four Seasons Company to remove the two chromium
distribution lines (CDLs) in December 1990. Work performed by Four
Seasons included removal of remaining chromium from the lines and
cleaning of the lines, pressure testing the carbon steel line to
determine the nature and extent of holes and breaks, and subsequent
removal of both lines. R&C personnel with assistance from GeoTrans
togged the locations of the pipeline breaks and collected soil samples
from the pipeline trench for field screening for hexavalent chromium
and subsequent selective analyses of total chromium and TCLP for
chromium. The Tength of the CDL was divided in stations separated by
10-foot intervals for sample identification. Station ! (Trench Sample
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(DL-1) was located at the south end of the pipeline trench as shown in
Figure 16, at the start of the pipeline from the chromium tank
Tocation. Station 2 (Sample CDL-2} was located 10 feet north of
Station 1. Station 32 was located at the north end of the pipeline
trench where the pipeline formerly exited the subsurface and traveled
above grade. Remnants of the above grade portion of the pipeline can
still be identified attached to the plant walls. Soil samples were
also collected where breaks or holes in the pipeline or other concerns
were identified during pipeline removal. These samples are identified
by the distance in feet north of the nearest station. For example, a
sample collected 6 feet north of Station 10 is designated CDL-10+6.0
as shown in Figuré 16. Also, shallow soil samples were collected from
beneath the asphalt loading area to the east of the chromium tank and
tines to determine if the interface of the asphalt and the native
soils provided a preferential pathway for chromium migration. The
locations of these samples labelled Al through A20 are shown in

Figure 16. Pipeline removal and shallow soil sampling continued from
December 19, 1990 through January 9, 1991. Shallow soil samples were
collected from the chromium fil1 area (CFA) where shown in Figure 17,
These samples were collected from the top 6 inches of surface soil to
determine areal extent of chromium contamination. These soil samples
were also field screened for hexavalent chromium and subsequent
selective analyses of total chromium and TCLP for chromium.
Approximately 84 soil samples were collected and analyzed during this
first stage of the chromium tank and line investigation.

Based upon the review of the shallow soil sampling results, five
areas of contamination were identified along the COL for further
investigation. In January 1991 five soil borings (CDL-1, 1145, 1442,
1749, and 2043.7) were drilled and sampled where shown in Figure 16 to
determine the vertical extent of chromium contamination beneath the
chromium lines. Three borings were also installed in the CFA (CFA-1B,
2B, and 14B) to determine vertical extent of chromium contamination
where shown in Figure 17. Split-spoon samples were collected and soil
samples were field screened for hexavalent chromium and subsequent
selective analyses for total chromium and TCLP for chromium.
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The third and final stage of the nature and extent of chromium
contamination in soils was investigated from January through March
1991. Approximately 79 soil borings were installed east and west of
the chromium tank and lines to determine the areal and vertical extent
of contamination. Soil borings installed adjacent to the former
chromium tank location were designated CT borings. Soil borings that
were installed as offset borings from the former chromium tank
Tocation were designated CT-#/#E or W. The first # after the CT-
indicates where in relation to the former tank the offset boring was,
and the # after the slash (/) indicates the distance from the tank
Tocation in feet of the boring to the east or west. Soil borings that
were installed as offset borings from the CDLs were designated CDLB-
#/#E or W. The # and direction designators followed the rules for the
chromium tank offset borings. The locations of offset soil borings
installed for nature and extent of chromium contamination are shown in
Figures 18 and 19. Split-spoon samples were collected and soil
samples adjacent to the distribution lines were field screened for
hexavalent chromium and selective analyses for total chromium and TCLP
for chromium. Because it was determined that the chromium tank
historically was used for both fuel and chromium, split-spoon samples
in proximity to the former tank location were selectively analyzed for
chromium, TCLP for chromium, and Total Petroleum Hydrocarbons {TPH).

In conjunction with the nature and extent of chromium
contamination in soils, a parallel investigation was initiated for
chromium contamination in groundwater after releases from the CDLs had
been verified. Three shallow Monitor Wells (USF-7, 8, and 9) were
installed at locations along the alignment of the pipelines where
chromium soil contamination was evident to the depth of groundwater
(approximately 12 feet below land surface). USF-7 was installed on
January 16, 1991 adjacent to soil boring location CDL-1. USF-8 was
installed on January 16 adjacent to soil boring location CDL-14+42.
USF-9 was installed on January 17 adjacent to soil boring location
CDL-2043.7. These wells were constructed to intercept the shallow
water table. Well specifications for all USF wells are provided in
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Table C and well construction as-built diagrams are included in
Appendix C. Locations of these wells are shown in Figure 16. These
wells were reconnaissance sampled and analyzed for hexavalent and
total chromium in order to determine the need for additional nature-
and-extent wells.

In January and February, Monitor Wells USF-4, 5, and 6 were
installed downgradient to the east, to provide groundwater information
regarding the extent of chromium contamination from the chromium tank
and lines. The location of these wells is shown in Figure 16. These
wells were constructed as LS wells at the top of the bedrock interface
determined by auger refusal (approximately 45 to 50 feet below land
surface}. Well USF-4 was installed on January 9, 1991 and constructed
as a LS well due to the availability of shallow groundwater samples
from Well W-8. Well USF-5 was installed on February 5, and
constructed as a LS well due to the availability of a shallow
groundwater sample from Hydropunch location HP-9. During the
construction of USF-6 as a LS well on February § a shallow groundwater
sample was collected via the hydropunch method from a depth of 13-14
feet (USF-6 13-14‘) and analyzed for total and hexavalent chromium and
TPH.

Groundwater samples were collected from Wells USF-4 through USF-9
in February, Samples were analyzed for constituents listed in
Table 16 minus organics, T0C, TDS, and asbestos. Wells USF-4, &, &,
and 7 included TPH analyses. '

In March and April 1991 three final wells were installed where
shown in Figure 16 to complete the nature and extent of chromium
contamination from the CDLs to the west of the plant building. The
first Well (USF-9A) was installed on March 21 adjacent to USF-9 on the
CDL and is a LS well. This location corresponds to a confirmed leak
in the chromium line. USF-9A was installed to determine the vertical
extent of groundwater impacted at this Jocation. The second Well
(USF-24) was installed on April 4 as a background water-table well
approximately 50 feet upgradient (west) of USF-9. The third Well
(USF-15) was installed on March 21 in proximity of soil Sample CDL-32,
approximately 120 feet north along the €DL from Well USF-9, and is
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also a water-table well. USF-15 was installed to determine the extent
of groundwater impacted to the north, from the pipeline release
identified in the area of Station 20+3.7.

Groundwater samples were collected from Wells USF-9A through USF-
24 in April. Samples were analyzed for constituents listed in ‘
Table 16 minus organics and asbestos.

2.1.6 Fuel Tank, Line, and W-8 (Operable Unit 6}

In order to determine the nature and extent of contamination from
Cone Well W-8, a RI field investigation was conducted. During the
investigation of Operable Unit 5, the chromium tank and Tines,
additional petroleum hydrocarbon contamination was discovered to also
eriginate from the former tank location. This section describes work
performed at both Cone Well W-8 and the former fuel tank {chromium

tank location).

2.1,6.1 Well Y-8

To determine the nature and extent of TPH contamination around W-
8, three soil borings were drilled and sampled to a depth of 14 fest
below Tand surface. These borings are numbered W-8/27N, W-8/30W, and
W-8/20S; and their locations are shown in Figure 20. The depth to
groundwater at well W-8 is approximately 6 feet beneath land surface.
Split-spoon samples were noted for visual and olfactory evidence of
contamination, and selected samples were submitted to the laboratory
for TPH analyses.

2.1.6.2 Former Fuel Tank And Line

During the investigation of the former chromium tank location,
Operable Unit 5, subsurface borings were installed and field
observations of fuel oil contamination were noted. Prior to
conversion for use as a chromium tank in 1960, the tank was used for
fuel 0i1 storage. The duration of fuel oil storage is uncertain
although the tank was installed sometime after June 1956. In
addition, the subsurface pipeline that was historically identified as
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a chromium Tine (Figure 20) was determined to be an abandoned fuel oil
distribution Tine.

To determine the nature and extent of fuel oil (and chromium)
contamination in soils in this area, a series of borings was installed
and split-spoon sampled as described in Section 2.1.5. Visual and
olfactory evidence of petroleum hydrocarbon contamination were noted,
and selected samples were submitted for confirmatory TPH analysis.
Figure 20 illustrates the soil sampling locations in the vicinity of
the former tank location for which data were collected for petroleum
hydrocarbon contamination. The boring identification numbers follow
the same format as those described for the chromium investigation.

TPH was also analyzed from groundwater samples at USF-7 and the
* shallow Hydropunch Sample from USF-6, which were installed during the
chromium investigation.

2.1.7 Caustic Plume {Operable Unit 7)

Caustic contamination was discovered by Cone in Wells ¥-3 and
W-14 in 1982. There are no reports of efforts by Cone to determine
either the source or extent of this contamination. These wells are
Tocated downgradient of the caustic recovery tanks and these tanks
were generally believed to be the source of this contamination. AFP
placed wells and borings upgradient of these caustic recovery tanks to
determine whether either the Cone preparation activities, which
reportedly discharged large quantities of caustic into the basement,
or the caustic supply tanks, which reportedly leaked, were sources.

In order to determine the source and to characterize the nature
and extent of the caustic plume historically identified in the shailow
groundwater of the Langston Creek Aquifer by Cone Wells W-3 and W-14,
and R&C Trenches #3 & #4, soil sampling and monitor wells were
installed. Six soil borings designated CSTB-# were drilled and split-
spoon sampled where shown in Figure 21. Soil samples were analyzed
for pH and the results were utilized to locate Monitor Well USF-11.
Well USF-11 was installed on January 22. Well USF-12 was installed in
between the dye house and circular caustic reclamation tanks. Both
wells are screened to intercept the water table, and their locations
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are shown in Figure 21. Well specifications for all USF wells are
contained in Table C (Appendix €) and well construction as-build
diagrams are also included in Appendix C. Groundwater was sampled
from Wells USF-11 and 12 in February and analyses included
constituents from Table 16 plus TPH, minus asbestos.

2.1.8 Blue Pond (Operable Unit 8)

A review of site blue prints and aerial photographs during the RI
indicated that the former location of the Blue Pond was not as shown
in Figure 5. Therefore, monitor well W-6 shown in Figure 5, does not
provide a representative groundwater quality sample from beneath the
former Blue Pond location. An accurate location of the former Blue
Pond is shown in Figure 22,

In order to confirm the absence or presence of soil and/or
groundwater contamination in the area of the former Blue Pond, soil
sampling was conducted and two monitor wells were installed as part of
the RI. Nine soil borings, shown on Figure 22, were installed and
split-spoon sampies collected to characterize the nature and extent of
any confaminani residuals from the former impoundment. Selected soil
samples were analyzed for metals. In addition, a cluster of one
water-table Well (USF-16) and one LS Well (USF-16A) was installed on
March 25 and 27, 1991, respectively, and is shown in Figure 22.
Groundwater samples collected in April from Wells USF-16 and 16A were
analyzed for Table 16 constituents minus asbestos plus aluminum.

2.2 LANGSTON CREEK AQUIFER- (OPERABLE UNIT 9)

2.2.1 Geological Investigation

Sufficient information was collected from previous investigations
to describe the gealogy over most of the site for the purpose of the
RI. One area of the site where data were needed regarding the depth
to bedrock was west of the main plant in proximity to the C(DLs. To
collect geologic information in this area, one of the CDL borings
(CDL-1442) was drilled and split-spoon sampled to auger refusal.
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Additional geologic information at to the depth of bedrock
resulted from the installation of LS (auger refusal) monitor wells.

2.2.2 Site Groundwater Investigation In Floodnlain

In addition to the 14 monitor wells that were previously
described as installed at operable units within the boundaries of the
Langston Creek Aquifer, Operable Unit 9, there were three more
components of the site groundwater investigation for the RI. First,
monitor wells were installed in the Langston Creek Aguifer Floodplain
and groundwater samples analyzed to complete the nature and extent of
contamination that was initiated in previous studies. Second,
hydraulic (slug) testing was performed in each of the USF wells to
estimate the ease with which the aquifer will allow groundwater and
contaminants to travel (i.e., to estimate aquifer hydraulic
conductivity). Third, a water-level survey of all the site wells was
performed to determine groundwater flow directions and hydraulic
gradients. Each of these tasks is described in more detail below.

2.2.2.1 Well Installation and Sampling

To delineate the nature and extent of chromium contamination in
groundwater in the Langston Creek Aquifer within the Floodpiain, ten
additional monitor wells and three piezometers were installed in a
phased approach during the RI. After installation, the initial wells
were reconnaissance sampled and analyzed for hexavalent and total
chromium. If the well contained significant concentrations, an
additional delineation well was installed. Proceeding in this manner,
extent of contamination was delineated while the number of wells
installed was kept to a minimum. The well numbers, types, and
installation dates are listed in Table 19. The locations of these
wells are shown in Figure 23. The LS wells and piezometers were
installed using Work Plan protocols. The upper bedrock Wells {USF-14A
& 19A) were constructed by boring a 12-inch diameter borehole to
bedrock and pressure grouting 8-inch diameter PVC casing in the
borehole. After the grout had cured, an 8-inch {nominal) diameter
borehole was air hammer drilled approximately 10 feet into competent

, Geolrans,inc.
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Table 19. Langston Creek Aq
in the floodplain.

80

uifer wells and piezometers installed

LOWER DATE
WELL NUMBER SAPROLITE INSTALLED
USF-10 X 2/08
UsF-13 X 3/19
USF-14 X 3/19
USF-14A 4/01
USF-17 X 3/22
USF-1¢ X 3720
USF-19A 4/01
USF-20 X 3/21
USF-21 X 3/22
USF-22 X 3/25
USF-23 X 4/03
PZ-1 X 4/08
pZ-2 X 4/08
PZ-3 X 4/09
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bedrock, and a 4-inch diameter PVC casing was pressure grouted into
the bedrock. After grout curing, a borehole was drilled with a 4-inch
core barrel,

Groundwater was sampled from Well USF-10 in February 1991 and
analyses included constituents from Table 16 minus asbestos.
Groundwater was sampled from Wells USF-13, 14, 14A, 17, 19, 19A, 20,
21, 22, and 23 in April and analyzed for Table 16 constituents minus
organics and asbestos.

2.2.2.2 Hydraulic Testing

In order to estimate aquifer properties at the Union Bleachery
site, aquifer (slug) tests were performed. Twenty-eight monitor wells
were slug tested during the week of April 15, 1981.

A slug test is performed by creating an instantanesous water-level
change within the well and measuring the rate at which the displaced
water level returns to the pre-test level. The water-Tevel change can
be accomplished by using a weighted float either injected into
{positive displacement) or withdrawn from (negative displacement) the
well. The rate at which the displaced water level returns to its
initial position is related to the hydraulic conductivity of the
surrounding aquifer material,

Pre-test water levels were measured with a QED electric water-
level probe. A weighted, PVC cylinder was used to affect the desired
water-level displacement. A I-inch diameter cylinder was used in the
2-inch diameter wells; a 3-inch diameter cylinder was used in the 4-
inch diameter wells. The depth-time relationship resulting from
insertion and withdrawal of the slug cylinder was recorded using an
ORS brand, Model EL200, data logger and an accompanying 5 psi pressure
transducer. The transducer has an accuracy of +0.01 feet and the
recorder has a minimum Togging frequency of 0.2 seconds. The recorder
was configured such that the readings were written directly to the
display screen and to the recorder’s RAM memory, thus allowing for
real-time monitoring of the test progression. The PVC cylinder,
transducer and cable, and electric water level probe were
decontaminated prior to use at each well.

Geolrans,inc.
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2.2.2.3 Hater-Level Survey

A comprehensive water-level survey of all existing site wells was
conducted on May 7, 1991. A total of fifty-five wells and piezometers
were surveyed which included twenty-eight USF wells, three
piezometers, seven RMT wells, and seventeen Cone W wells.

2.2.3 Ecological Investigation In langston Creek And Reedy River

An ecological study was performed by Normandeau Associates, Inc.
{NAI} to evaluate the macroinvertebrate community at three sites on
the Reedy River and three sites on the Langston Creek (see
Appendix F)}. The procedures used, known as the Rapid Biocassessment
Protocol III (RBP III) developed by US EPA, are designed to provide a
quick, cost-effective biological assessment of rivers and streams.
The method evaluates physical factors influencing the structure of the
macroinvertebrate community and ranks the pollution tolerance of
important members of the community. The overall biotic "health" of
each surface water body is determined on a weight of evidence basis;
all factors are then summarized to calculate a final rank that
determines the degree to which a site is impacted if impact has
occurred.

Three sites physically similar in habitat on the Reedy River and
three physically similar sites on the Langston Creek as shown in
Figure 24, were chosen by R&C based on existing site characterization
data. The upstream control site on the Reedy River was Jocated at
the gauging station approximately 930 yards upstream‘ef the Highway
253 bridge. The midstream Reedy River site was located at the
pumphouse approximately 220 yards upstream from the Highway 253
bridge. The downstream site was located in the vicinity of the
Highway 253 bridge. The upstream Langston Creek site was located at
the 01d Buncombe Road bridge. The midstream site was located
immediately below the dam east of the dye house. The downsiream
Langston Creek site was located at the Brooks Avenue Bridge.

GeoTrans,inc.
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2.2.3.1 Field Procedures

Each site was defined by a transect that ran perpendicular to the
flow of each waterbody. Comparable areas {e.g., 50-60 m upstream from
the transect) at all three sites on each waterbody were sampled on
May 2, 1991, for 30 man-minutes with a dipnet sampler. The frame of
the sampler was placed securely against the substrate with the opening
facing upstream. The substrate directly in front of the sampler
opening was disturbed so that macroinvertebrates dislodged from the
substrate would drift into the collecting net. Other submerged
structures such as boulders, logs and tree trunks, undercut banks, and
root masses were also sampled. The samples were rinsed into labeled 1
Titer plastic jars, preserved in buffered formalin, and returned to
the laboratory for processing and identification.

In addition to the dipnet sample, a coarse particulate organic
matter (CPOM} sample was collected at each site. CPOM represents a
food source for shredders, an important macroinvertebrate functional
feeding group. The CPOM sample provides data on the relative
abundance of this functional group. The CPOM sample consisted of
collecting several handfuls of organic material (leaves, needles,
twigs, leaf packs, debris accumulations, etc.) and washing over a
sieve (US Standard No. 30}. These samples were rinsed into labeled 1!
Titer plastic jars, preserved with buffered formalin, and returned to
the laboratory for processing and separation. The CPOM samples were
processed and analyzed separately from the dipnet samples. A habitat
assessment was also performed to evaluate habitat quality on the basis
of key parameters (e.g., sediment type, stream velocity, etc.) of the
waterbody and surrounding land. Water quality parameters were also
recorded at each station,

2.2.3.2 Laboratory Procedures

A1l samples were rinsed over a US Standard No. 30 {0.6mm mesh)
floodplain. sieve. Organisms were sorted from the debris with the aid
of a dissecting microscope and placed in vials containing 70% ethanol.
Macroinvertebrates collected from the dipnet samples were identified
to the lowest practical taxon, enumerated, and assigned to the

GeoTrans,inc.

923



86

appropriate functional feeding group according to classifications by

Merritt and Cummins (1984; Table 3-1).
Macroinvertebrates from the CPOM samples were counted to obtain a

ratio of shredders, a functional feeding group, to the total number of
erganisms in the sample.

Geolrans,inc.
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3 RESULTS OF INVESTIGATION

This section of the report presents the physical and chemical
resuits of the RI field investigations. For most sampling episodes
during the RI as well as from previous investigations since 1988,
sample splits were provided to Cone’s consultant RMT for duplicate
analysis if R&C conducted the sampling. When RMT has conducted
samplings, sample splits have been received by R&C. Where data
results have been received from RMT from their RI sample splits, they
are included for comparison. In addition, Cone, as part of its
compliance effort, samples the Cone wells and Langston Creek monthly.

Results from the RI investigation, combined with those results
from previous investigations are used to delineate the nature and
extent of contamination at the operable units.

3.1 CONTAMINANT SOURCE INVESTIGATIONS

3.1.1 Permitted Sludge Landfill (Operable Unit 1)

Four borings for the collection of sludge samples from the
Tandfill were installed for the RI as shown in Figure 12. Sludge was
identified as a 1-inch zone in the field notes from each of the
borings. This sludge layer or zone was found within the depth range
of 6 to 11.5 feet below land surface for the four borings. Tables 20
and 2] 1ist the metals and TCLP metals results of the 4 landfill
boring (LB) sludge samples. Also shown are the results of previous
investigations for comparison. The only constituent identified above
the RCRA action Tevel is chromium (400 mg/kg) which ranges between
13,780 and 36,000 mg/kg for the four LB samples. Both R&C and RMT
performed TCLP analyses on the sludge samples from the sludge burial
area. As may be seen in Table 21, the TCLP values for chromium from
the Tandfill sludge range from <0.05 to 2.8 mg/1. These values are
below the regulatory limit of 5.0 mg/1 but are significant considering
the possible quarter million pounds of chromium contained in the
Tandfill {(Edwards, December 30, 1974) and the sandy soil within

GeoTlrans,inc.
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Table 20. Metals analyses of sludge from Permitted Sludge Landfill in

96

ma/ }kg' previovs wesolts
HP-1 Hp-2 St-1 8-1F Lg-1 L8-2
Parameter R&C R&C R&C RMT R&{ RMT R&C RMT
Arsenic 2.7 Z.8 i2 8.5 «1.0 5.3 <1.0 8.3
Barium 221 34 49 130 143 180 210 270
Cacknium - - 08 3.5 2.0 1.8 8.0 5.0
Chromium 38,460 5,860 143 16,000 13,780 18,000 36,000 30.000
Copper - ~ 1.8 200 - - - -
iren - « 530 48,000 - v - -
Lead 48 8.8 <f.2 32 <2.0 <30 <2.0 60
Magnesium - - 1,400 1,500 - - - -
Manganese - - 2.1 160 ~ - - -
Rercury <0.1 .14 .22 8.5 .38 1.0 .54 1.4
Selenium - - <1.0 <1.0 <i.0 1.8 <i.0 <2.5
Siltvar 3.8 <1.9 2.6 <2 <.94 <2 <. 94 <Z
Zinc - - 7.1 780 - - -
LB-3 LE-4
Paramoter R E RMT R&C RMY
Arsenic <1.0 7.2 <1.0 3.8
Barium 110 150 190 250
Cadmiun 4.4 4.5 8.0 6.1
Chromium 16,470 25,000 26,100 27,000
Cepper‘ - - - N
iron = - = -
Lead <2.0 50 <2.8 &0
Magnesium “ - - -
Manganese - - - -
Maroury 32 4.9 .88 1.8
Selenfum <1.0 <2.1 <1.0 <24
Silver <. 94 <2 <.%% <2
Zinc - - - .
Geolrans,inc.
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Table 21. EP toxicity & TCLP analyses of sludge from Permitted Studge
Landfill in mg/1.
e frdirs_tewlll —
l HP~1 HP-2 St-1 B-1E L8-1 {8~z
Parameter R&C R&C R&C RHT R&C R&C
Arsenic - ~ <.91 <, 603 <.01 <. 01
Barium - - .58 72 45 .43
Cadmium - - <. 01 .008 01 .01
Chromium <.05 - 1.4 2.8 .89 .88
Copper - - .01 <. {2 - -
Iron - - .21 .80 ~ -
Lead - - <. 02 <. 01 <. {2 <. Q7
Magnes fum - - i6 13 - -
Manganese - ~ 1.1 i.1 ~ -
Mercury - - <. 002 <, 0002 <, 002 <. 002
Seienium - - <.0% <.003 <. 91 <. 01
$ilver - - <.01 <, 01 <. 01 < 0}
Zine - - 7.5 8.5 - -
L8-3 LR-4
Parameter RE&C RAT RLC RMY
Arsenic <.01% <. 003 <.t <, 003
Barium .33 37 AT R13
Cadmium .61 <. 005 .01 <. 005 :
Chromium 73 .65 1.5 .87
Copper - - o
Iron - - - -
Lead <.0(2 <.20 <.02 <.20
Magnesium ~ - -
Kanganase - - - -
Mercury <. 002 <. 0004 <. 002 <. 0004
Selenium <. 01 <.00% <.01 <. 003
Silver <.01 <, 02 <.01 <.02
Zine - - ~ -
Geolrans,inc.
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which the landfill is situated (Froehling & Robertson, February 26,
1875). The results of samples collected to date indicate that the
sludge in the Permitted Sludge Landfill is heavily contaminated with
chromium,

The groundwater sample results of RI well USF-18 are shown in
Table 22. Also shown are the results of an additional sampling of
monitor wells RMT-2 & 2A and the results of previous samples. The
analyses results from RMT-2 & 2A for 9/90 and USF-18 are for
unfiltered samples, while the results from RMT-2 & 2A for 6/90 and
12/90 are for filtered samples. As may be noted, filtering appears to
have reduced concentrations of all parameters. This indicates that
many of the metals are attached to fine particles. For example, given
the iron content in the unfiltered samples, chromium is most 1ikely
sorbed to iron hydroxide. Puls and Barcelona (1989) point out that
“Metal contaminants may move through fractured and porous media not
only as dissolved species, but also as precipitated phases, polymeric
species or adsorbed to inorganic or organic particles of colloidal
dimensions." They further state "that use of a 0.45 micron filter was
not useful, appropriate or reproducible in providing information on
metals mobility in ground-water systems, nor was it appropriate for
determination of truly ‘dissolved’ constituents in groundwater."

It should also be noted that drinking water wells are not
generally filtered. From the drinking water perspective, maximum
contaminant levels (MCLs) should be applied to unfiltered water. Note
that MCLs for cadmium, chromium, and lead are exceeded in the
unfiltered RMT-2 sample and for Tead in the unfiltered USF-18 sample.
Both of these samples are from alluvium wells.

A comparison of unfiltered groundwater results from the Permitted
Sludge Landfill with the background water quality results of RMT-1, in
Table 15, indicates that groundwater immediately downgradient of the
tandfill is also above background levels for several other
constituents including Barium, Copper, Manganese, and Silver but not
at levels that exceed MCLs.

GeoTrans,inc.
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Table 22. Results of groundwater analyses from Permitted Landfill.
RMT~2
06/19/90 {r) 03/18/90 12/07/80 (F)
PARAMETER R&C RKT REC RMT R&C RMT
Arsenic <0.0t <(.003 <0.01 <{}.003 <8.01 <. 003
Barium 0.07 0.06 1.0 0.73 G.20 0.19
Cadmium <0.01 0.0008 0.02 <0.0003 <0.01 0.0008
Chromium <0.02 <{.002 9.086 0.14 <0, 02 <0.002
Chromium, Hex. e - <0.01 o - ——
Copper <. 01 <0.02 0.06 0.08 RH <(.07
Iron 0.03 <f).1 80 140 e v
Iron, Ferrous o e - —— . ——
fron, Ferrie —— - e . o o
Lead <0, 005 0.007 <0. 005 0.12 <(. 405 <(. 003
Magnes ium 1.7 1.7 7.8 14 —mm e
Manganese 0.8} (.84 3.3 3.4 .54 0.62
Hercury <0, 001 0.0006 <. 001 0.0013 - -
Selenium <0.01 <(.003 <001 <{1.803 Q.01 <0, 003
Silver <0.01 <0.00¢ <0.01 <3, 001 <. 01 <0.01
Zinc 0.02 0.02 — g.14 — o
Sulfate ——— —— —— —— — ——
Alkalinity §.5 <20 - —— ——— ——
Chloride o m . —— —— — —
Hitrate e - — o o ——
Hardness 15 16 —— - —— ————
Dis. Oxy. - ——— 3.8 —— - -
Dis. Solids — - —— —— - ——
Susp. Solids e - —— — - ——
Calcium - e 3.5 3.5 - -
Phosphorus o - ——— —_— - —
Potassium —_— i 13 12 - —
Sod fum —— —— 7.4 8 —— .
T0C —m e - —— e -
pH units 5.0 b 4.8 e 4.4 e
Cond, umhos/cm 72 e 50 - 85 -
Eh, m¥ e === 342 e e —m
T, '€ 21 - 17.5 —-=-~ 14.0 -
F: Filtered Sample
Resulis in mg/ 1 unless noted. .
Geofrans,inc.
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Table 22. Results of groundwater analyses from Permitted Landfill

{Continued).
RMT ~ ZA USF-18
06719790 (F) 03/18/30 12707730 (F} 04/12/91 ]
PARAMETER R&%C RNY R&C RMT R&C RMT R&C RMY
Arsenic <0.01 <3003 <0, 01 <{.003 <0.01 <(,003 <0010 -
Barium 0.04 <. 08 0.27 0.26 0.04 «0.05 0.75 —
Cadmium <0.01 9.0005 0.01 <. 0003 <. 01 0.0005 <0.01 o
Chromium <(.02 <0.002 0.03 0.047 <0.02 <{.002 <0.02 <0;F0}02(
Chromium, Hex. R o <¢.01 - e - <0.0% «.01
)
Copper <0.01 <0.02 0.03 0.03 <@, 01 <0.02 0.02 o
Iron <0.02 <9.1 44 53 e e 101 «0.1
{f]
lron, Ferrous - - - === " - 0.84 <{.1
[ron, Ferrie e oo e mem o o - <0.1
Lead <0. 008 <0003 0.023 0.019 <{.008 <(.003 0.056 ~=-
Hagnes ium Z.4 2.3 7.6 14 e ——— 6.9 —-—
| _Manganese g.23 .19 0.56 0.64 <b.01 <{.005 2.5 o
Harcury <0. 001 <(.0002 <0.001 <0.0002 --= o <. 0010 -
Selenium <{1.01 <0, 003 <(.01 <0.003 <0.01 <0,003 <(.010 ot
Stlver 0.0t <0.001 0.14 <0.001 <0.01 <4.010 <0.01 et
Zing <0.01 0.04 — 0.09 vos o o o
Sulfate (- o - i~ -—= = <i0 o
Atkalinity 34 43 o - = e 25 28
Chloride e et wan L e o o 6.6 » o
Hitrate R i —— o o et 2.8 e
Hardness 23 33 —— - —— - o e
Dis. Oxy. — === B o o - 4.5 —
Dis. Solids me mo- o= - " i 176 oo
Susp. Solids B " oo — e ——— 1052 holoid
Calcivm — — 7.9 8 — 1.7 o
Phosphorus — oted " ol — i 0.28 non
Potassium - e i3 i7 o e 6.2 o
Sodium e —— 6.8 & o — 15 21 {F}
T0C v e o e . . 14 —
Turbidity, ntu o i g it ol e * B
pH units 5.4 o 6.4 - 6.1 e 5.3 e
Cond, umhos/em iog R 98¢ i 105 — 120 oo
Eh, ¥ o — 308 o= e o 287 i
7. °C 22 - 17.6 - 14.0 - 16.6 N
* Unable to determine due to nature of sampie. mrans,iﬂc.

F: Filtered Sample
Results in my/ 1 unless noted 1 00
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3.1.2 Aeration fagoon (Operable Unit 2}

Tables 23 and 24 show the metals and TCLP metals results,
respectively, of the composite sludge sample collected during the RI.
Also shown are the results of previous samples for comparison. For
the most part, the results of the 1991 sludge composite fall within
the range of or slightly less than the results of previous samples.
The results of samples co11ected to date indicate that the sludge in
the Aeration Lagoon is-confaminated—with chromium, but not to the
extent that would classify the sludge as hazardous.

The R&C calculated volume of sludge contained in the lagoon is
approximately 220,000 pounds. Details of this calculation can be
found in the June 12, 1991 R&C letter report on Aeration Basin Sludge
Removal contained in Appendix D.

The results of an additional sampling of monitor well RMT-4 are
shown in Table 25 along with the results of previous samples. A
sample was collected in December 1990 by RMT, subsequently filtered,
and then split with R&C. The sample constituent values are similar to
the filtered sample results from June 1990 and less than the
unfiltered sample results of September 1990. This is probably due to
the presence of particulate matter in the unfiltered sample that
contained chromium.

A comparison of unfiltered groundwater results from the Aeration
Lagoon with the background water quality results in Table 15 indicates
that groundwater immediately downgradient of the Aeration Lagoon is
above background levels for several constituenis (Arsenic, Barium,
Chromium, Lead, Manganese, and Silver) but not at levels that exceed

MCis.

3.1.3 Reedy River Flood Plain {Operable Unit 3}

3.1.3.1 Groundwater Investigation

The results of all groundwater samples collected to date from the
Reedy River Flood Plain wells (USF-1, -2, & -3) are shown in
Tables 26, 27, and 28, respectively. The comparison of this data with
Table 15 background water quality conditions indicates that

Geolrans,inc.
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Table 23.  Results of metals analyses of sludge from Aeration Lagoon.
SL-2
HP-3 £/24/90
SLUDGE SLUDGE/SOIL COMPOSITE
PARAMETER 3/16/88 A/26/89 R&c RNT 3/26/91
Antimony <25 e e - o
Arsenic 7.3 2.9 <1.0 5.4 §.7
Barium 215 78 123 Aty 34
Cadmium 1.0 e 2.6 <0.8 <1.0
Chromium 3200 190 1,750 1,300 398
Coba it 8.0 - - — -
Copper £50 - 46 53 80
Iren —— o 35,100 53,000 —
Lead 70 20 <2.0 30 7.1
Hagnesjum - o 1,050 1,500 -
Manganese e e 342 530 -
Mercury .23 <{.1 <{.2 <0.1 <. 20
Nickel 91 - — . o
Phenol 1.5 s o o .
Selenium e R <}.0 <},§ <5.0
Silver 1.0 <1.0 <1.0 <2 <1.0
Thallium <12 e - - o
Tin 99 — e o —
Zing 1060 - 82 160 143
Results in mg/kg.
GeoTrans,inc.
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Table 24.  Results of TCLP analyses of sludge from Aeration Lagoon.
SL-2
HP-3 4/24/90

SLUDGE SLUDGE/SOIL COMPOSITE

PARBRETER 3/18/88 4725/89 RE&E RYY 3726781
Arsenic —— - <. 01 . 005 <0.05
Barium e - 0.59 0.77 0.84
Cadmium --= R <0.01 <. 005 <0.01
Chromium - o 0.12 .07 .04
Copéer —— o <001 <0.02 ot
iron — - 38 330 ——
Lead B = <0.02 <g.1 <g.02
MHagnes ium - - 12 14 -~
Manganese i it 4 18 ool
Hercury e i <, 002 <. 0002 <0.001
Selenium . e <0.01 <0.003 <0.05
Silver o v <(.01 <10 0.02
Zinc - e - 0.2¢4 2.4 =

Results in mg/1.
Geolrans,inc.
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RHT-4 RHT-4 RHT-4
6/30 (F} 8/90 12780 (F)
HP-3 He-4

PARAMETER £/89 4/89 R&C RHY R&C RKT R&C RMT
Arsenic 012 L0154 <. 0% <. 0403 <. 01 <. 003 <.01 <. 003
Barium <0.1 0.2 .08 0.07 .21 .13 07 . 080
Cadmium i e <.01 0.0004 01 0004 <. 01 <. 0003
Chromi.um .08 .07 <. 02 .003 .04 028 <. 02 <.002
Chromium, Hex. - e o - <. 01 o e e
Copper o e <. {1 0.03 .02 <. 02 <. 01 <. 02
Iron e — 1.1 1.2 24 14 o -
Lead <.01 <.01 <.005 <.003 /?ﬁs,) 012 <.005 <.003

L—
Hagnes ium S e 47 <0.5 2.4 1.4 o -
Manganese e o .42 0.42 .30 .26 .88 1
Hercury <. {03 <, 001 <. 001 <, 00602 <. 001 <, 0002 e i
Selenium . —— <, 01 <, 003 <01 <. 003 <.01 <,003
Silver <.01 <. 0} <. 0} <.001 .03 <.001 <. 01 <.0}
Zinc m —= <. 01 <. 02 - <. 02 - o
Alkalinity o - e 820 500 - e o e
Hardoess . o 9.9 §.8 — e - m=-
Dis. Oxy - o o e z.0 - = N
Calcium --= - —_— - 1.1 5 ey e
Potassium i - — — 3.2 2.2 - e
Sodium " — o - 305 410 — —
pH units - o 5.4 —o 6.5 - 6.5 —
Cond, umhos/cm — o 1,300 o 135 o 1,300 ===
Eh, my — —- - R 131 e “-- -
I, ¢ — o 21 — 20,2 e 16.0 —
Fr Filtered Sample
Results in mg/L unless noted.
Geolrans,inc.
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Table 26. Results of groundwater analyses from Reedy River monitor well
USF-1.
03/90 12/8¢ {F} 04791

PARAMETER R&C RHT R&cC RMY R&C RMT
Arsenic <. 0} <. 003 <. Q01 < 003 —— e
Bar fum .15 .14 .08 .08 oo -
Cadmium <. 01 <, 003 <. 01 . 0004 o R
Chromium .03 023 <.02 <. 002 ~ e o
Chromium, Hex. <. 0] —m — —— . ——
Copper (2 .02 <.01 <02 ——- -
Iron 13 13 e - e ———
Lead <, 005 .24 <. 005 <. 003 v -
Hagnes ium 4.5 5.2 ——— - —— e
Hanganese .24 .28 26 25 - ———
Mercury <. 00} < Q002 - — —— ——
Selenium <. {1 <. 003 <. Q1 <, 003 - -
Silver <. 01 <. 001 <, 01 <, 0} ——— e
Zinc e 0% R - —— ——
VOCs ND - oo ND ND o o
Semi-~VOls ND KD - — o ——
Sulfate 9.8 <10 - ——— —— ——
Alkalinity §.2 49 —— — —— —
Chloride 7.1 11 ——— —— o ——
Hitrate .7 55 —— —— e -
Dis. Oxygen 2.2 i - e 3.3 ———
Calcium 11 11 - —— —— ——
Phosphorus .08 .51 - —_— e ——
Potass ium 3.4 3.7 e S~ —_— -
Sodium 7.8 6.6 —— —— —— -
1oC 5.5 4.1 38 ——— - e
Turbidity, ntu - -~ - ——— 32 47
oH, units 5.8 = 6.6 e 5.7 =—=
Cond, umhos/cm 30 - 450 - 484 e
Eh, mV 200 e o —— 40 i
Asbestos, fibers/} - - o o 1.59 x 105 0%
¥, °C 17.0 s 14.5 - 15.0 il
* 1 fiber each of Chrysotile and Grunerite (Amosite) ssbestos.
F: Filtered Sample
Results in mg/1 unless noted. .

GeoTrans,inc.
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Table 27.  Results of groundwater analyses from Reedy River monitor well
USF-2.
09/30 12780 {F) 04/91

PARAMETER R&L RMT R&C RMT R&C RMT
Arsenic <. 0} <. 003 <. 0} <. 003 .- ———
Barium .32 .41 .33 3 o —
Cadnium <. {1 <, 0003 < 01 <. 0003 - ~
Chromium Rird 011 <. 02 <, 002 e o
Chromium, Hex, <, 0 —- . —— - —
Copper .02 <.02 <.0% <.02 —— ——
Iron 4 2.5 —— — o ——
Lead . 0087 . 005 <. 005 <. 003 o -
Magnes jum 5.8 i1 ——— —— o B
Manganese .3 .37 V54 510 J— ——
Hercury <, (303 <. 0002 o - —— ————-
Selenium <. 0} 014 <. 8 <, 003 - ~—
Silver < 01 <, Q01 <. {1 <, 0 - o
Zinc - .03 - - — ——
ViCs N —— NO o . -
Semi-¥0Cs ND XD —— w— —— ——
Sulfate 57 70 - —— e —
Alkalinity : 48 32 . — —— ——
thioride o 198 S - e .-
Nitrate <f,2 < 05 —— -— . ——
Dis. Oxygen 6.0 e ——— e 2.3 o
Calcium 26 34 —— — —— e
Phosphorus .04 .38 - ——— . ———
Potassium 3.2 3.8 ——— — ——— —
Sod ium 83 110 o s o ———
T0C 7.0 5.9 — o B -
Turbidity, ntu e ——— I e 38 104
pH, units 8.3 o e 5.0 e 8:2 o
Cond, umhos/cm 840 —_— 1,300 —— 555 .
£h, mV 268 v - - 22 -
Asbestos, fibers/] o o v — H50* 0%
1, € 18.2 - 15.9 Rt 15.1 e
* NSD = No Asbestos Structures Detected.
F: Filtered Sample
Results in mg/1 unless noted.

GeoTrans,inc.
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Table 28. Results of groundwater analyses from Reedy River monitor well
USF-3,
03/80 12780 {F) 04/91

PARAMETER R&C RNT R&C RHT R&C RNT
Arsenic <, {1 Q07 <. 01 .bod o e
Sarium .31 .39 11 1 —mm —
Cadmivm .01 <.0003 <.0] <. 0003 — -
Chromium RE .17 <. 02 <. 002 . e
Chromium, Hex, <. 0 - - - —_— I
Copper .03 .03 <.01 <.02 - —
iron 47 60 - - —— ——
Lead <.008 031 <. 005 <.003 - ——
Magnes fum 7.8 12 —— - —— ——
Manganese 0.8 1.1 .98 940 e -
Mercury <. 001 <. 0002 o Jo—- —— -
Selenium <« 0} <, 003 < 0f <. 003 o -
5§ lver <.01 <_001 <.01 < 01 - ——
Zinc - 11 —— " b e
VoCs 49 - HD ) v -
Semi-V0Cs HD ND o —— i -
Sylfate 34 41 —— - - ——
Alkalinity 135 492 — - o e
Chloride 2¢ 27 e e —— -
Ritrate 5 <.05 —— - —- —
Dis. Oxygen 4.0 - e - 4.5 o
Calcium 18 20 o o —— m—
Phosphorus .22 2.58 - ——— —— ——
Potassium 4.8 5.7 - ——— —— —
Sodium 30 37 —— —— ——— .
ToC 14 23 37 e o ——
Turbidity, ntu s o 38 o 37 158
pH units 5.7 — §.5 . 6.6 —
Cond, umhos/cm z70 — 500 o 532 - ==
Eh, m¥ &80.5 - - o -42 [
Asbestos, fibers/} - e e - NSD*® 0%
T, '€ 17.0 e 15.5 e 15.2 -
* NSD = Ho Asbestos Structures Detected
F: filtered Sample
Results in mg/} unless noted.

Geolrans,inc.
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Table 48.  Summary of hydraulic conductivities (K) from USF
well slug tests.

r L Bouwer & Rice Cooper et al

Vell

D {in) (ft} Pos. | Neg‘2 a Pos. ! a Neg.2
USF~1 1| 10.8 14 16 1072 22 1077 30
USF-2 L 115 2.4 2.4 1076 5.2 1072 4.5
USF~3 11115 0.16 0.08 10°? 9.12 1073 0.08
USE-4 1| 125 4.1 3.7 1972 3.2 1073 43
USF-5 1] 1.9 4.9 3.5 107¢ 4.5 103 ] 39
USF-5 1] 2.t 3.3 3.5 1073 3.3 102 ] 3.1
USF-7% i | 10.9 16 25 107! 23 T 57
USF-8* 1|1z 7.9 6.0 10°! 5.} 107! 10
usF-s* | 1} 16.6 5.2 28 1073 8.2 10°° 28
usF-eA | 1] 13.5 1.8 1.6 | 1078 4.4 10741 2
USF-10 1 | 12.4 8.3 6.5 1103 11 1041 97
USF~11 NN 1.6 1.4 ke 1.5 1073 2.0
USE-12 1§68 0.03 No data | 107" 0.04 N/A | Ho data
USF-13 1 | 12.0 7.3 8.2 1073 8.8 1073 1
USF-14 14120 0.45 0.47 | 107 0.83 1031 o

USF-14A | 2 1 15.0 | Bad data | 0.23 | WA Bad data | 107 | o.18

USF-15% | 1 | 13.0 5 7.2 10" 6.9 10 7.2
USF-16 BER 0.41 0.17 107! 0.27 'l o3
USF-168 | 1 | 14.0 1.1 0.15 | 107% 1.21 H/A /A
USF~17 1| 12.4 2.7 2.3 1073 3.5 105 | 2.4
Ust-18 | 1) 13.5 3.7 4.7 | 1073 5.7 1078 10
UsF-18 § 11 12.1 3.7 2.3 1078 6.0 103 ] 25
usk-13A | 2 | 15.0 H/A 0.16 | WA H/A 1073 | o1
usk-20 | 1| 12.0 18 13 1074 25 107! 5.7
USE-21 1] 12,8 12 17 1078 27 107 26
USF-22 1] 12.0 1.5 0.33 | 1076 8.8 10! 1.1
usF-23 | 1] 112 1.4 14 | 17! 0.54 107! 0.5
USE-24 1| 12.0 13 9.2 10710 22 1072 3.0

“Water level changing w/in screened interval, therefore, calculated values may be
biased toward higher valugs,

Positive displacement test {ft/d)

Hegative displacement test {ft/d}

Geolrans,inc.
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Table 49, Summary of slug and pump test hydraulic conductivity and
storage data in the Langston Creek Area, pre-November 1990

wells.
Hydraulic
Sereened Test Analytical Conductivity Yranst}issivity Storage

Well interval Type Hethod {ft/day} {f1%/day) Coefficient Source
¥-8 saprolite pump CJ 17 300 e i
¥-9 saprolite pump CJ g 160 - 7 i
w-g saprolite planp JR 6 100 ——— i
W~ saprolite pump TH 8 156G N i
W-2* saprolite pump Cd 70 1300 1.7x10 1
W-2 saprolite s lug unknowr 5.7 - - 2
W-3 alluvium slug unknown 2.3 - —— /] 2
W-2 saproiite s lug USBR 4-7 ——— — 3
V-9 saprolite slug USBR 5-9 - (? —— ¢ 3
V-3 alluvial slug USBR 2.2-2.5 - e 3
W-10 bedrock s lug FH 6.8 - ¢ Tt g 3
RMT-5  alluvial slug crg 24.0 o 10_3 4
RMT-54  saprolite slug CPB 2.0 o 10% 4
RET-5B  bedrock s lug s8] 0.13 .- 10 4
RHT-8  alluvial s lug BR 5.8 ~—~) - (z 4
RHT-54  saprolite slug BR 4.6 - - 4

0.080 AR - 4

RMT-58  bedrock s lug B8R

£J = Cooper-Jacoh method

JR = Jacob Recovery method

TH = Theis residual Drawdown method

USBR = United States Bureau of Reclamation, Method E-18
FH = Falling head method

{BP = Cooper, Bredehoeft, and Papadopulos, WRR 1967
BR = Bouwer and Rice, GW 1978

;Observation well

SEME, 1985

Letco from SEME, 1985

Law Engineering Hotes, date unknown

GeoTrans analysis of RMT data, 1930

112
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saproiite varies from approximately (depending in part on the method
of analysis) 0.42 to 70 ft/day. The specific storage of the saprolite
is estimated from Walton (1988) to range from 10°% to 107° ft™'. The
aquifer test results for the alluvium wells indicates a hydraulic
conductivity range of 0.08 to 30 ft/day. The alluvium is estimated to
have a specific yield ranging from 0.1 to 0.3 (Walton, 1988). In
general, the material underlying the Union Bleachery site is
nanhomogeneous and exhibits significant spatial variability.
Groundwater analyses results from the February and April 1941
samplings are provided in Tables 50 and 51, respectively. A
preliminary review of the results indicates that there are three types
of contamination. First, monitor wells USF-11 and 12, which were
discussed in the Caustic Plume section of this report, contain
arsenic, lead, mercury, and volatile organics. Second, monitor wells
USF-9 and 23, which are located in two separate areas of the site,
contain barium in exceedence of the MCL. Finally, the majority of the
newly installed wells are contaminated with chromium. 'Tc illustrate
the chromium concentrations as a function of location at the site,
Figure 40 is provided. This figure shows that chromium contamination
is significantly higher and more wide spread adjacent to Langston
Creek than has been indicated. Also shown in this figure is
significant groundwater contamination to the northwest of the main
plant which originated from the releases at the chromium delivery

tTine,

3.2.3 Ecological Investigation

The results of the ecological investigation performed on the
Reedy River and lLangston Creek are summarized in this section.
Further details and laboratory results of the work conducted can be
found in Appendix F. On May 2, 1991, a study was performed by
Normandeau Associates of Aiken, South Carolina, to assess the
biological condition of sites on the Reedy River and Langston Creek
adjacent to the Union Bleachery site.

Locations upstream and downstream of previously impacted sites on
the Reedy River and Langston Creek were chosen by R&C personnel. Each

Geolrans,inc,
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Table 50. Results of 2/91 groundwater analyses from Union Bleachery

Site.
USF-4 USF-5 USF-§

PARAMETFR LK RNT 2 AC RHT R&C KT
Arsenic <. 01 <. 003 < 01 <. 003 < g1 < 093
Bariom .08 <. 260 a7 {80 48 . 080
Cadmium <. 0} <. 0003 < 0} <. 0003 < 01 <. 0003
Chromyum 2.1 2.8 1.5 1.7 <. 02 010
Chreavium, Hex. 1.8 2.6 1.3 1.8 <.02 < 050
Copper <.01 008 <. 01 003 <. 01 .oe7
Lron 15.8 ] 5.97 3.3 8.86 5.8
[ron, Ferrous .66 510 .39 560 A6 ck 160
Iron. Ferric — 12 it 2.7 ~~—’ 5.8
Lead < 005 004 < 008 < 503 « D05 <. 003
Hignes um 3.3 8.4 2.8 3.3 1.2 2.7
Manganage .13 338 55 . 590 13 240
Mercury <. 0008 < 0002 <. 0008 . 0002 < 0005 < 9002
Selenium < 01 <. 903 <. 01 <. 003 < b1 < 003
S{iver < 01 <. 01 <. 01 <. 001 <. 01 <. 001
VoCs o o vl ot i o
Semi~-¥0Cs it el hdad o et -
TPH <20 B <20 - <1 "
Sulfate <5.0 <10 18 20 15 18
Alkatinity 48 57 _ 34 41 10 28
Chicride 128 140 8.2 3.7 £0 4.6
Nitrate 1.8 1.7 1.5 1.5 7.8 0.88
iz, Oxvgen 3.5 ety 6.5 e 1.8 o
Dis, Solids 252 280 6 108 104 82
Suso. Solids 54 17 48 54 74 58
Calcium 14 17 5.7 7.2 5.2 7.3
Phosonorus 13 17 21 .25 17 .15
Patassium 3.3 . 6.9 3.3 2.3 2.0 3.4
Sadium 63 8 18 18 4.5 i1 '
¥oL 11 2.0 g 1o £.2 0.38
Jurbidity, ntu 32 48* 27 £3* 12 8g*
pH, enits 5.8 e 5.5 - 5.7 o
£h, usicm 200 - 232 — i85 il
T, ¢ 17.0 e 18.0 - . 17.5 bl
Lond, umhos/em 543 = 147 B 108 -
* Note that 48 hr. noid Lune was EXCEeneo upon a4rrival. "
Resuits in mg/ 1 uniess noted, ’ GeoTranS,mc.
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Table 50.  Results of 2/91 groundwater analyses from Union Bleachery Site
{continued).

USF-7 USF~8 USF~9

PARMETER R&C [ 1) REC /MY REC Y
Arsenic <.0% <. 003 <. 01 <.003 <.Gt <.003
Barium 06 220 .39 590 .72 1.6
Cachnium <. 01 <. 000% <.H1 L0003 <. 0% <. 0003
Lhromium .16 .620 .50 2.7 a2 110
Chromiue, Hex, < 02 <.0% <. ot <. 050 2 110
Copper .02 .009 02 016 02 .020
trot 46,4 23 40.2 37 152 140
iron, ferrous 2.14 1.2 1.64 i &.39 590
fron, ferric M 22 -e 36 - 140
Lesd L0052 0012 .Dow2 015 035 .032
Magres o .29 4.7 6.3 2 G.6 R
Manganese 17 L4480 1.2 990 .82 2.4
Hercury <. 0008 <. 0002 <. 0005 .gao2 .CO1Y . D008
Seienium <. 01 <. 003 <.01 <.003 <01 003
Stiver <.0% <. 001 <. 01 <. 001 <, 01 <. 001
YOCs v cou “ee P wue o
Semi+vOCs - ax- " -ee - e
18K <10 o - - v -
Sulfate .6 11 <5.0 <10.8 89 89
Alkatinity 22 26 40 58 26 380
Chloride 5.0 6.1 146 130 hisl 77
Nitrate 0.4 .34 3.2 .10 8.1 1.8
Dis. Oxvgen &7 sex 2,4 - 2.6 s
Dis, Solids 72 50 276 350 430 450
Susp. Solids 672 860 292 370 1,380 2100
Caleium 0.9 1.0 6.5 5.7 1.4 1.7
Phosohorus 0.15 0.54 1.2 1.8 10 3.8
Potassium 1.1 6.2 2.8 4.4 6.6 27
Sodium 13 1% 118 100 100 120
T0C 11 2.8 12 3.4 12 1.7
Tarbidity, atu 75 455% 76 310* % 1960
pH, units 6.0 - 6.1 - 5.5 e
Cored, umhossem 100 oo 437 ca 5909 e
Eh, us/cm 108 e 158 s 308 et
T, e 16,9 - 19.1 = 18.7 -

*  ¥ote that 48 he. hold time was excesaed upoen arrivai.
** Unable to determine due to high r,
Results in mgsl unless noted.

Geoflrans,inc.
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Table 50.  Results of 2/91 groundwater analyses from Union Bleachery Site
{continued),
USE-10 USF~11 USF-12

PARANETER REC RET LT KUY R &C RMT
Argernie <. {1 <. (0% . 143 .230 143 A7
Sacium .08 160 .02 <. 050 .07 .110
Cacinium <.0% <. 0003 <, G4 <. 0003 <G 0008
Chromium 18 20 <.02 019 <. 02 074
Chromium, Hex. 15 19 <, j(ew <. 050 < 10%w <. 050
Copper <.01 004 <.01 .007 i L0260
Iron 25,3 17 3.2% 3.2 23.5 160
iron, ferrous 84 <. 100 .83 v 6.8% 1.1
fron, ferric - 17 - - - 15
Lead <.005 . 00& <.00$ . 009 057 .120
Hagnesium 2.8 6.0 .09 400 .29 800
Harqenese .50 890 02 .023 .14 180
Hercury <. 0005 <. 0002 . 0023 . 0023 <.000S . 0020
Selenium <.01 <, 003 <. 0% 004 <.0% L0046
Silver <, 0% <. 009 <. 01 <. 00 <.0% <, (0%
VOCs N e NO ot 0 xuw
Semi-voCs KD n %0 e 4O v
TPH --- .- <18 - <10 v
Suifate 25 2% 146 100 <130%* 62
Elkatinity 34 88 7. 700 7,800 4,600 5 300
Chioride 18 21 45 216 28 330
Nitrate 2.1 1.7 <G,2 Q.34 0.3 <G.05
Dis. Oxvgen 5.8 n. 0.4 . 1.3 e
Dis, Solids 1580 160 &, 790 &, 900 5,410 S,800
Susp., Solids 139 146 70 80 249 88
Calcium 10 11.0 0.68 0.300 6.9 4.9
Fhosohorus 17 .59 18 28 8.9 11
Potassium 2.9 5.2 14 14 2.3 39
Sodium 28 24 2,570 2,800 1,970 2,200
10C 6.5 <.25 165 500 530 3460
Turbidity, nty 56 170w 1.6 Siv 5.3 75
pH, units &,2 s 12.§ e 10.1 T
Corsd, umhivsfom 212 v 1%, 750 mm- &, 280 vo-
Eh, us/om 185 - -378 == = s
1, °¢C 21.3 e 21.1 .- 19.7 -
® Note tnat o hr. nold CiME was eXCELTRa UDON arrival,
** Unable to increase detection due to color of saroie, )
;:;u:{:: ::h;;/me::ti:t::i sEtimated concentrations. Geo?ranS,iﬂC'
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Table 50. Results of 2/91 groundwater from Union Bleachery Site,
{Cantinued}.
g
CORPOLND
USF-10 USE-¥1 UsF-12
1. 1-Dichisroethane RO RO 0.000%
Chioroform G.00%0 N0 ND
Totuene 0 4.0010 0.0030
Ethy(benzens 0 0.0007 0.0009
Xylenes, tota D 0.0090 0.013
1.2-Dichiorobenzene KO 0.0030 0.0070
RESULLS 1N mGaL.
Geolrans,inc.
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Table 51, Results of 4/91 groundwater analyses from Union Bleachery

Site.
V-7 USF-9 USF-GA

PARA%EEgg R&C RMT R&cl RMT R&l RNT
Arsenic ated m oo - ot . <. 01 R
Barium e i —-e - (13 e
Cadmium v - e - <. 01 o
Chromium 1.5 1.5(F}) 100{71}** 92{F} 24 .350(F)
Chromium, Hex. 1.5(F) 1.7 110(F} 30 .28(F} -340
Copper o - - e .01 e
Iron e <. 106{F} e <_160(F} 3.9 <, 100(F)
lron, Ferrous o <. 100 o <. 100 G.6 <.100
Iron, Ferrie e <. 100 e <. 100 ot <. 100
Lead e - v m <. Q05 e
Hagnesium m== - - - 2.8 e
Hanganese - - - N .08 -
Mercury — et — - - <. 001 -
Seleniom o~ o= - . <. 01 =
Silver - - e ' o <. 01 o
¥Ois - i m— e — o
Semi-VOCs e - o " e ma
Sulfate o - v - 22 -
Alkalinity i <20 o 26 40 45
Chioride o " v v 7.8 htotas
Hitrate e " o — 2.1 .
Bis. Oxyaen 4.5 wm 3.0 s 8.7 -
Dis. Solids o - o = g2 i
Susp. Solids o ~o- e - 163 b
Calcium o= o o " 5.8 o
Phosphorus - - o - R oo
Potassium ' e o - o 3.1 b
Sodium o 1,700{F} o 120({F) ’ 19 26{F}
100 e o d i <5.0 -
Turbidity, nty - T ey oo o 88 . i
pH, units 5.2 ,zsww%i‘ . 5.5 —— 6.7 e
Cond, umhos/cm 7710 f/(\ gh{)~- 638 - 183 —
£h, m¥ 349 o 274 — 185 —
. ¢ 20.3 = {7.5 - 17.2 i

**Filtered. not digested. due to interference. Iotal digesised chromium
result in parenthesis.

£ = Filtered Sample

Results in mg/l unless noted.

Geolrans,inc.
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Table 51. Results of 4/91 groundwater analyses from Union Bleachery
Site (Continued).

1SF-13 USF-14 USF-14K

PARAMETER R&C RMT R&C RMT R&C RMT
Arsenic < 0t --- <. 01 == <. 01 -
Barium .36 - .39 — 03 .
Cadmium < 01 - <.01 - <. 01 o
Chremium 4.8 §.3(F} 590(520)* 840(F) 6.9(5 3)* x> 7.5(F)
Chromium, Hex. 4.4(F) 5.8 810(F} £40 6.7(F} 5.8
Copper 03 — <.01 - .02 -
Iron ox <. 100(F) 13 < 100{F} 7.51 <. 100{F}
iron, Ferrous ol <. 100 9.45 <. 100 3.22 <. 100
[ron, Ferrie o <.100 o <. 100 e <. 100
Lead .023 - <. 005 — <. 005 -
Hagnes ium 8.9 e 55 - 8.9 o
Manganese .22 - .69 - .08 -
Hereyry < 001 e <.001 = <. 001 s
Selenium <. 01 ~-= < {1 - <.} o
Silver <, 01 n=- < 01 o <. 0L -
ViCs - —— ~-= - oo s
Semi-VOCs — uo = e = s
Sulfate <10 o <2o0e** — 146 i
Alkalinity 23 28 272 7280 64 58
Chioride * == * o 146 o
Nitrate 1.2 me 18 el <0.2 ot
Dis. Oxvaen 6.7 o 4.0 o 3.5 -
Ois. Solids 132 — 2,050 - 656 ==
Susp, Solids 227 e 244 o 105 —
Calcium 8.1 — 336 e 110 ot
Phosphorus 0.4 - 05 - .24 el
Potassium 7.0 o 30 - 7.8 s
Sodium 7.0 8.5(F) ' 120 150(F) 12 15(F}
160 <5.0 - 5.3 o 5.0 i
Turbidity, ntu 76 - * e * ==
pH, units 5.1 o 5.3 ot 8.4 w
Cond, umhas/cm 120 o 2,863 e B77 e
Eh oy 284 o 2580 “e 61 -
T, ¢ 20.7 - 13.0 - 18.0 -

? Unable to determine due to sample interference.
** filtered, not digested, dus to interference. Total digested chromium result

in parenthesis,
¥** High detection limit due to nature of sample,
****Broken by subcontractor. %
Results in mg/1 unless noted. GeOTfanSrgnc*
F = Filtered Sampie
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Table 51. Results of 4/91 groundwater analyses from Union Bleachery
Site (Continued).
UsF-15§ USF-18 USF~154
p){gmv_;-_‘m R&C RKT RA&CT RMT R&C RUT
Arsenic < (31 - <, 01 - <. 01 <. 003{F}
Barium .08 - .84 - 10 (220(F)
Cadimion <. 01 R <. 0 e <. (1 =, Q003{F}
Chromium <. 02 .002(F} <. 02 <. 002(F} <, 02 LO18(F]
Chromium, Hex. < 01{F} <.010 < 01(F} <. 018 < 02{F} <. 01§
Copper <. 01 - <. 01 - <. 01 R:19352]
Iron 16.2 <. 100{F) 582 <. 100{F) 46,1 40{F}
iron, Ferrgus <0.1 <, 100 <, 0} <. 100 4.69 <. 100
Iron, Ferrie - <. 100 - <. 100 i 4G
tead <. 305 o . 0067 e <. 008 _GLO{F)
Magnes ium 5.8 - i 3.8 e 1.9 S.8{F}
Manganese .08 - <. 01 e .44 S18(F)
Mercury <.001 - < 001 — <. 001 <. 0002{F}
Selenium <, 0% o <. 01 o < 01 <. 003({F}
Silver <. 01 o <. 01 o <,01 <. 001
YOoCs —~- o N HO KO NG
Semi-¥0Cs o o NO KO X0 KB
Sulfate <10 S 11 - 45 43
Alkalinity 3.5 <24 40 45 49 54
Chloride 3.1 = 448 - 86 67
Nitrate <G.2 e <Q.2 - 1.0 .90
Dis. Oxvgen 5.4 o 2.3 - 8.0 e
Dis, Solids 928 o 1,100 - e 304 260
Susp. Solidg 210 o 185 e 434 330
Calcium 1.1 o 57 e 22 36
Phosphorus .06 o 0.18 - 0.08 .98
Potassium .57 === 5 5 - 1.8 12(F)
Sodium 5.8 5.7{F) 160 230(F) 32 53(F})
100 5.2 ot <5.0 - <5.0 9.2
Turbidity, ntu 37 o 24 e 85 248
oH, units 6.1 -~ 5.1 o 5.9 e
Cond, umhos/cm 38 o .48 . 425 o
Eh, my 238 - i e 144 e
I, C 19.3 o 17.8 —m 18.8 -
HD = Not Detectea
Results in mg/1 unless noted.
F = Filteraed Sample
Geolrans,inc.
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Table 51.  Results of 4/91 groundwater analyses from Union Bleachery
Site (Continued).
UsF-17 USF-19 USF-184
PARARETER R&C RHY R&C RKT RyL RMY
Arsensc <.01 e < 01 ~== <. 01 =
Barium .45 o .20 ~ - 05 -
Cadmium <.01 o <. 0f == <. 0 o
Chromium 1.0 1.4(f) 130{119)* 330(F) <.02 <. 002(F}
Chromium, Hex, 1.2{F} 1.4 122(F}) 140 <. 01{F) <. 010
Copper <. 01 - <. 0 - .82 -
iron 1.85 <, 100{F} 373 <. 100(F) 3,85 <. 100(F)
fron, ferrous 0.5 <. 100 0.1 <. 100 3.75 <. 100
Iron. Ferric . o <.100 et <, 100 s *. 100
Lead <. 005 i <. 005 ~o <. 005 .o
Hagnesium 4.0 o 3.5 - 3.3 e
Manganesa .03 - .25 - G2 -
Mercury <, 001 - <.001 == <. G01 -
Selenium <. 01 mee <. 01 e <. 01 o
$1lver <. 01 e <. 0} - <. {1 =
¥OCs oo o ~—— - - -
Semi~-ViCs = - - o e -
BNAs oo v - e - o e
Sulfate <18 o <SQrAr - 68 ot
Alkalinity 35 40 69 77 61 B7
Chloride 328 - o * e L& o
Hitrate i.0 o 3.4 o <§,2 -
Diz. Oxygen 7.4 R 2.9 e 3.7 o
fis. Sclids §40 i 524 o 178 e
Susp. Solids 20 - 85 - i7 .
Lalcium 14 v 38 o 4.3 e
Phosphorus .43 o 13 e .10 ot
Potassium 1.8 o 7.8 o 9.1 —
Sodium 180 230{F} 71 87{rF} 7.4 8.8(F}
T0C <5.4 e 5.2 - <5.8 —
Turbidity, ntu i3 v * o 3.5 o
pH, units 8.7‘ - 5.2 - 3.0 e
Cond, umhos/cm 1.315 e 71z o 233 s
£h, mV 239 —— 106 - 35 ety
T, °C 18.6 o 22.86 o 20.2 o
Unable to determine due to nature of sample.
** Filtered, not digested, due to interference. Total digested chromium result in parenthesis.
***High detection limit due to nature of sample. GeOTranS. inﬁ.

Results in mg/kg unless noted.
£ = Filtered Sample
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Table 51. Results of 4/19 groundwater analyses from Union Bleachery
Site (Continued).

USF-20 ' UsF-21 USF-22

PARAME TER R&cC RMY R&C RET R&C RMT
Arsenic <. 0% et <. 01 - <. Q1 v
Barium .10 o 08 -~ 13 e
Cadmiym <. 01 e <. 01 o <. 01 m——
Chromium <. 02 .002(F} <. 02 <. QOZ(F}) .02 . D02(F}
Chromium, Hex. < O1(F}) <. 010 <. 01{F} <.010 <. 0L{F} <. 01
Copper <. 01 e .01 v 0 -
fron o <. 100{F} v <. 100{F} .t < 100(F)
Iron, Ferrous ol =.100 e <.100 ~ <.100
Iron, Ferris oo <. 100 o < 100 o <. 100
Lead <, 005 i <. 00§ - <.005 -~
Magnesium 2.8 o 3.3 - 4.6 -
Hanganese .26 o .08 e .73 —
Mercury <. 00} i <. 001 o < 001 -
Selenium <, 01 - <. 0} - <. 01 -
Silver <. 01 e <.01 o <. 01 e
YOCs - - e i e e
Semi-¥OCs o e R e i o
Sulfate <18 o 27 o 28 o
Alkatlinity 141 83 30 73 51 55
Chloride 4.6 e 3.1 v 24 e
Nitrate 1.0 — 0.6 e 1.1 —
Dis, Oxygen 8.8 = 4.0 - : 5.8 -
Bis. Solids 8s o 158 - 164 —_—
Susp. Solids 74 o 28 o 123 <o
Calcium 33 - 27 - 3.3 "
Phosphorus 0.11 -~ 0.22 - 0.15 A
Potassium 3.5 o 3.8 v 5.1 e
Sodium 3.4 7.3{F} 5.1 4.5(F)} 28 38{F}
10C <5.0 e <5.0 o <5.0 e
Turbidity, ptu 18 o 20 e 58 e
pH, units 5.0 = 8.6 - 5.8 fo—
Cond, umhos/cm 70 e [41: o ) 263 .
£h, my 02 = -31 — 218 -
I, ¢ » 16.3 - 16.9 -~ 18.9 --=

Resuits in mg/} unless noted.
F = Filtered Sample
Geolrans,inc.
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Table 51. Results of 4/91 groundwater analyses from Union Bleacher

Site (Continued).

USF-23 LSF-24

PARAMETER R &L RNT RE&EC RHT
Arsenic <. 0} o <, (1 e
Barfum 1.2 - 10 ———
Cadmium <. 01 B <. 01 ——
Chromius 7.0 7.7{F) <. 02 <. 002(F)
Chromium, Hex. 7. 4(F} 5.5 < 01{fF} <. 010
Copper .04 - <. 01 ——
iron - <. 100{F) 34.9 <. 100(F)
Iron, Ferrous o <. 100 0.4 <.100
Iron, Ferric - <. 100 — <. 100
Lead 017 - < DOS ———
Magnes um 27 o B4 -
Manganese .65 e 04 ——
Mercury < 001 o < 001 ——
Seleniuym <. 01 e <. G} .
5ilver <.01 e <. 0} ——
VOCs e —— HD KD
Semi~V¥OCs e v A0 X0
Sulfate i7 o <ify ——
Alkatinity 24 31 5.3 <20
Chloride ) * — 7.8 .
Hitrate 1.2 - 1.8 -
{O1is. Oxvgen 4.2 - 7.5 ——
Dis. Solids 604 - §8 o,
Susp. Solids 848 e 337 -,
Calcium 18 o 1.3 o
Phasphorus .79 — 06 e
Potasgs tum 18 e 6% ——
Sodium 14 17{F} 6.0 4. 1{F}
100 <50 e <5.0 —
Turbidity, ntu * o * -
pH, units 6.0 e 5.0 ——
Cond, umhos/cm 187 o &7 —
Eh, my 425 - 321 -
. ¢ 15.6 - 18.6 —

“Unable to determine due to nature of sampie.
Resulte in mg/ ! unless noted.
F = filtered Sample
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site was characterized by normally shallow (0.5 m - 1.5 m), slow
moving water and a sand/silt substrate. One week prior to the
sampling date, a heavy rainfall event occurred and both the Reedy
River and Langston Creek water levels were still higher than normal
when sampling occurred.

The health of the benthic macroinvertebrate community was
assessed by assigning a value to each of eight metrics. Although
values assigned these individual metrics were suggestive of impaired
conditions, final scores based on a compilation of all eight metric
values for a given site, and compared to the reference site, indicated
no impairment or slight impairment at the downstream locations as
compared to the reference stations.

The site specific upstream control sites chosen by R&C, were of
comparable habitat to the study sites. The rapid bicassessment
protocols (RBP) used in this study are based on comparing unimpaired
or least-impacted reference waters that operationally represent best
attainable conditions. Without proper reference conditions biosurveys
~tend to underestimate impairment. The upstream control sites appear
to have been impacted by non-point source pollution from the farther
upstream urban areas or other sources. The use of these potentially
impaired control sites for comparison would skew the scores obtained
through the RBP metrics.

GeoTrans,inc.
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4 CONTAMINANT FATE AND TRANSPORT

The sections of this chapter are divided according to operable
unit. For each operable unit, the following are discussed: potential
routes of migration, contaminant persistence, and contaminant
migration. Throughout this report, action levels have been
referenced. The action levels used are shown in Table 52. For water,
the action levels are Maximum Contaminant Levels (MCL), developed as
drinking water standards as part of the Safe Drinking Water Act. The
soil action levels are part of the Resource Conservation and Recovery
Act (RCRA) proposed requirements for corrective action for solid waste
management units. They are used here to provide guidance on when a
corrective action may be required. These MCL and RCRA action levels
are appropriate or relevant and appropriate requirements (ARARs) for
CERCLA.

4.1 PERMITTED SLUDGE LANDFILL (OPERABLE UNIT 1)

The potential route of migration of contaminants from the Sludge
Landfill is groundwater migration. Landfill borings indicate a soil
cover that ranges from 6 to 11.5 feet; therefore, surface water
migration or wind-blown transport are not likely. The source of
contaminants in the vicinity of the Studge Landfill is the landfill
itself. As infiltration and flowing groundwater passes through the
Tandfill, chemicals are Teached and migrate with the groundwater. As
a measure of its leachability, TCLP values for chromium from the
Tandfill sludge ranged from <0.05 to 2.8 mg/1, which is less than the
regulatory level {i.e., the sludge is not a hazardous waste). The
persistence of contaminants will continue as long as the landfill
exists and leaches. In terms of sludge concentrations, the only
constituent identified above the proposed RCRA action level is
chromium that ranged between 13,780 and 36,000 mg/kg for the four LB
samp%eé.

The water table in the vicinity of the Sludge Landfill tends to
mimic the topography, which slopes toward the Reedy River. Therefore,

GeoTrans,inc.
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Table 52. Potential action levels for water and
soil.

MCL {mg/1) Soils
Constituent Water (mg/kg}
Arsenic 0.05 80.0
Barium 1.0 4000.0
Cadmium 0.0] 40.0
Chromium 0.05 400.0
Lead 0.05 --
Mercury 0.002 20.0
Silver 0.05 200.0

Source: Federal Register, Vol. 55, No. 145, Friday, July 27,

1990, Proposed Rules, pp. 30865-30868.
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groundwater, and contaminants leaching from the Studge Landfill, will
tend to flow toward the Reedy River. The shallow native material in
this area has been described as a sandy;soii {Froehling & Robertson,
February 26, 1975}, and is therefore fairly transmissive. A stug test
at USF-18 showed an interpretive range for hydraulic conductivity that
varied between 3.7 - 10 ft/d. Slug test results for RMT-2 provided a
slightly higher range.

Groundwater sampies near the Sludge Landfill have been collected
and analyzed for both filtered and unfiltered conditions. MCLs are
exceeded for cadmium, chromium, and lead in unfiltered samples.
Filtering generally reduces concentrations for all parameters. This
indicates that many of the metals are attached to fine particles. Ffor
example, given the iron content in the unfiltered samples, chromium is
most likely sorbed fo or coprecipitated with iron hydroxide. Thus,
most of the metals that can Teach from the Sludge Landfill will sorb
to some degree and will move less rapidly than the water moves.

Sorbed chromium will be mobile if the fine particles are mobile.

In summary, the concentrations of cadmium, chromium, and lead in
monitor well RMT-2, which is downgradient of the Permitted Studge
Landfill, indicate a release to the environment. Concentrations of
cadmium, chromium, and Tead in RMT-2 as a result of this release,
exceed MCLs and, thus are in violation of South Carolina Water Quality
Standards set forth in R61-68 {South Carolina Code of Laws Ann. 1976
as amended). Concentrations of these constituents in the Reedy River
did not indicate that surface water had been impacted at the time of
the Reedy River sampling.

4.2 AERATION LAGOON (OPERABLE UNIT 2)

Apparently, after the dredging of the Aeration Lagoon was
accomplished in 1975, chromium continued to accumulate in the tagoon.
The only source that could have caused significant concentrations
after the 1975 sludge removal was chromium contaminated sludge under
the dye house. As stormwater runoff washed through the basement from
1875 through 1989, it carried chromium-contaminated dye sludge with it
into the lagoon. When this situation was recognized by AFP in 1989,

Geolrans,inc.
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the stormwater was diverted from the basement so that no further
entrainment of the contaminated dye sludge could occur.

Upon entering the lagoon, chromium-contaminated sludge would
settle to the bottom of the lagoon. The potential routes of migration
of contaminants from the Aeration Lagoon include discharge to the
Greenville Sewer System and via groundwater flow. The Aeration Lagoon
generally acts as a source of groundwater recharge. Slug test results
from RMT-4 provide a hydraulic conductivity similar to that discussed
above for USF-18. Groundwater flow is away from the lagoon, primarily
toward lLangston Creek and Reedy River. Contaminants that are leached
from the sludge on the bottom of the Tagoon will migrate away from the
lagoon. TCLP values for chromium from the lagoon sludge ranged from
0.04 to 0.12 mg/1, which is less than the regulatory level needed to
-classify the sludge as a hazardous waste. The persistence of
contaminants will continue as long as the sludge remains in the lagoon
and continues to leach. In terms of sludge concentrations, the only
constituent identified above the proposed RCRA action level is
~chromium, with a high of 3200 mg/kg for the 3/16/88 sample.

Groundwater samples taken down gradient of the Aeration Lagoon
were collected using a hydropunch as part of an interim scoping.
Results for chromium exceeded the MCL. Subsequent samples from
monitor well RMT-4 down gradient of the lagoon have been less than
MCLs. The difference in results is partially explained by sorbed
chromium on fine particles in the hydropunch samples.

In summary, the concentrations of chromium in groundwater samples
HP-3 and HP-4 down gradient of the Aeration Lagoon indicate a release
to the environment. The groundwater concentration of chromium exceeds
MCLs and thus is in viclation of South Carolina Water Quality
Standards set forth in R61-68 (South Carolina Code of Laws Ann. 1976
as amended). Concentrations of these constituents in the Reedy River
did not indicate that surface water had been impacted at the time of
the Reedy River Sampling.

Geolrans,inc.
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4.3 REEDY RIVER FLOODPLAIN (OPERABLE UNIT 3}

Because the area adjacent to the Reedy River was used as a
Tandfill, which contains a variety of materials including asbestos,
the potential routes of migration of contaminants include: {1
groundwater migration, (2) surface water migration in the Reedy River,
and, (3) wind-blown migration of asbestos. All three potential routes
of migration were sampled. As indicated in previous sections of this
report, the study of the Reedy River Floodplain took place in phases.

The source of the contamination in the Reedy River Floodplain is
the solid waste landfill. This landfill can not be defined by
specific boundaries; instead, the general area appears to have been
used for random dumping. Samples of soil and sediment show elevated
concentrations of metals, but are generally below the proposed RCRA
action levels. The persistence of contaminants will continue in the
Reedy River Floodplain as long as the landfill continues to leach.

As an indication of leaching, groundwater samples collected from
trenches and wells show elevated concentrations of metals. Samples

- collected from trenches exceeded MCLs. In addition, unfiltered
groundwater from well USF-3 exceeds the MCL for chromium. (Note R&C
9/90 sample from USF-3 had cadmium at its MCL of 0.01 mg/1.}) As with
other operable units, the elevated concentrations in unfiltered
samples are probably due to the presence of particulate matter
containing chromium. USF-1, 2, and 3 were also sampled and analyzed
for a suite of organic compounds, with no constituent having
concentrations above the respective detection limits. Shallow
groundwater flows to the Reedy River. The hydraulic gradient in the
floodplain is fairly flat and hydraulic conductivities for USF-1, 2,
and 3 are listed in Table 48,

The Reedy River was sampled upstream and downstream to see if the
river is impacted by the presence of the landfill. The results in
Table 29 indicate no discernable impact at the time of sampling. The
upstream and downstream samples were very similar in composition with

no constituents above MCLs.
Another concern at the Reedy River Floodplain is asbestos.
Asbestos was detected in well USF-1. The results of the aggressive
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air sampling detected no asbestos in the air in any of the tested
areas. Thus, although present in the form of tiles in the floodplain,
migration of asbestos in air appears not to be occurring.

In summary, the concentrations of chromium in groundwater at
monitor well USF-3 indicate a release to the environment resulting
from dumping activities. The groundwater concentration of chromium at
USF-3 exceeds MCLs and thus is in violation of South Carolina Water
Quality Standards set forth in R61-68 (South Carolina Code of Laws
Ann. 1976 as amended). Concentrations of chromium in the Reedy River
did not indicate an impact at the time of the Reedy River sampling.

4.4 BASEMENT SLUDGES (OPERABLE UNIT 4)

With stormwater now being diverted from the basement, there
should be minimal groundwater recharge through the basement since
plant process waste water is piped directly to concrete ditches. The
potential route of migration of contaminants from the Basement is
groundwater migration. Although some sludge was removed in 1984, just
prior to the sale of the facility to AFP, contaminated sludge and soil
are still present in the basement. Of the 15 suspect basement sludge
areas for which data are available, sludge samples from 11 of these
exceed the proposed RCRA action levels. These sludges leach, but with
the exception of one analysis by RMT, are below regulatory limits for
hazardous waste classification. Thus, the persistence of contaminants
will continue as long as the sludge remains in place and continues to

leach.

The impact this Teaching has on groundwater was determined via
hydropunch samples. Of a total of seven hydropunch (HP-5, HP-7
through HP-12) installed in the basement, all but one (HP-10) con-
tained constituents that exceeded their respective MCLs in unfiltered
samples. For chromium, the maximum value was 5.2 mg/1 in HP-8.
Groundwater beneath the basement flows toward Langston Creek, carrying
contaminants with it. Thus, although Basement contamination has
contributed to contamination found in the Langston Creek Floodplain,
it does not appear to be the source of the high chromium

GeoTlrans,inc.
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concentrations associated with hexavalent chromium contaminated wells
including extraction well W-9, and the USF monitor wells,

4.5 CHROMIUM TANK AND LINES (OPERABLE UNIT 5)

The chromium tank and 1ines have been suspected as a source of
the chromium contamination found near Langston Creek. The potential
route of migration of chromium from the chromium tank and lines is via
groundwater migration. According to an invoice dated April 11, 1981,
“One used Toxic Chrome Dye Tank (sold uncleaned as is)" was sold to
the City of Travelers Rest, S.C. Therefore, the tank is no tonger a
continuing source. Although the tank was removed in 1981, the buried
lines, containing chromium, were not removed until December 1990 by
AFP. The current source of contamination is soil that was
contaminated by the tank and lines. Of approximately 50 shallow soil
samples within the pipeline trench, 20 exceeded proposed RCRA action
levels, with a high of 18,000 mg/kg. At three locations that were
examined, soil contaminated with chromium extended to the water table.
The areal extent of contaminated soil exceeding the action level of
400 mg/kg is shown in Figures 27 and 28 for the chromium distribution
Tines and tank, respectively.

Based on TCLP results for chromium, the soil leaches, and at a
number of locations, is greater than the regulatory level, which means
it would be classified as a hazardous waste. The persistence of
contaminants will continue as long as the contaminated soil remains in

place and continues to leach.

Along the alignment of the chromium pipelines, the water table is
approximately 12 feet below land surface. Chromium leaching from the
contaminated soil will tend to move vertically in the unsaturated zone
until it reaches the water table. Groundwater underlying the
pipelines flows toward Langston Creek, and will be discussed in
Section 4.9, ‘

In addition to the chromium tank and lines, the chromium fill
area (CFA) was also investigated (see Figure 29). For this area, soil
action levels were exceeded at eight locations. TCLP results show
that the soil leaches, and at one location, exceeds the requlatory
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1imit indicating a hazardous classification. Results of hydropunch

groundwater samples indicate that chromium contamination exceeds the
MCL (0.40 mg/1: RMT shallow sample). uy“/
e
4.6 FUEL TANK, LINE, AND W-8 {OPERABLE UNIT 6) NC£~¢ ﬁ% [5
&

4.6.1 WHell W-8
Well USF-4 was installed as a lowersaprolite well (at top of Y%ﬁ&‘
bedrock) adjacent tg well W-8. _Sampling and analysis of well USF-4 ‘
indicated that c¢p 3tions of Total Petroleum Hydrocarbon {TPH)
were less than for two samplings, January 22 and February 21,
1991. Analyses~of“split samples from Cone for TPH from well -8 for a
similar time period indicated that TPH concentrations in well W-8
ranged from 68 to 125 mg/1. This information indicated that the
petroleum hydrocarbon contamination at well W-8 is limited to the
water-table zone and does not extend to the top of bedrock. W-8 is
screened from 5 to 15 feet, and well USF-4 is screened from 40.5 to
130.5 feet. In addition, volatile -organiess and acid
were analyzed for well ﬁgf—lgrﬁff:'ané 12 AowWngradient of W-8 on the 993[6
east side of the plaﬁzji_gflz tr mounts of organics were found in {%ﬁw&’
USF-11 and -12, which also supports the 1imited nature of
contamination associated with W-8.
Finally, three borings were drilled and sampled to a depth of 14
feet below land surface. These borings are numbered W-8/27H, W-8/304,
and W-8/20S; their Tocations are shown in Figure 30. The depth to
groundwater at well W-8 is approximately 6 feet beneath land surface.
Split-spoon samples were noted for visual and olfactory evidence of
contamination, and selected samples were analyzed for TPH. The
results are provided in Table 41 and shown in Figure 30. As may be
seen, there was no visual evidence of a second phase liquid. This
further supports the hypothesis that the hydrocarbon contamination
associated with W-8 is limited. The chefhium contamination at W-8,
however, is part of Operable Unit 9.

Geolrans,inc.
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4.6.2 Former Fuel Tank and Line
To determine the nature and extent of TPH contamination

associated with the former fuel tank, soil borings were installed and

groundwater was sampled at two locations downgradient of the tank.

TPH soil contamination is shown in Figure 30, with tabulated data

listed in Table 41. This figure illustrates that TPH soil

concentrations are highest in the vicinity of the former tank and line

location. Concentrations above background are Tocated adjacent to and

extend southeast of the former tank location. wdﬁ st
Although the soil contains elevated TPH, groundwater downgradient %8 5}@7?L

(toward the southeast) of the former tank location appears to be t ’
unaffected. TPH analysis from 2/26/91 for a groundwater sample at L%ﬁdﬂ?$ w
USF-7, adjacent to the former tank Jocation, and the shallow d ‘ &z%

J

hydropunch sample collected during the installation of USF- 6, which is ﬁﬁﬂ
approximately 80 feet downgradient, were <10 and <20 mg/1 TPH,iﬁfM///’
respectively.

4.7 CAUSTIC PLUME (OPERABLE UNIT 7)

Although the caustic plume is in Langston Creek, it is treated as
a separate operable unit because of the different contaminants and
potentially different treatment requirements. The caustic plume was
discovered when wells W-3 and W-14 were installed in 1982 and has
existed unremediated since. The route of migration has been
demonstrated to be groundwater, atthough overland flow of caustic may
have occurred in the past. This is suggested by soil boring data that
shows pH decreasing with depth.

The caustic plume is persistent, having maintained uniform
contaminant concentrations for the nine-year period data have been
coilected. The source of the plume is the historical usage of
caustic. The plume is downgradient (toward Langston Creek) of the
basement area and the caustic tanks (Figure 31) used to store
delivered caustic. These tanks are probably a principal source of
caustic groundwater contamination, resulting from either overfills or
.leaks. Subsequent to the purchase of Union Bleachery by AFP,
significant repairs were made to the concrete floor and berm that
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underlies and surrounds these tanks (Luther Woodcock, oral
communication, 1991). Another principal source appears to be the
usage of caustic within the bleach house, as indicated by the elevated
pH at hydropunch HP-12. A1l of the caustic-contaminated wells also
contain arsenic, which is a contaminant commonly found in the basement
sludge. Another potential source includes the circular caustic
reclaim tanks near well W-14.

The caustic plume and associated contaminants {e.g., arsenic) are
flowing toward Langston Creek. In 1989, Trench #3 was dug 50 feet
downgradient of well W-3. Because of the slightly elevated pH and the
arsenic content, this trench is probably near the leading edge of the
caustic plume. The pH in wells W-2 and W-10 have also increased
slightly over time, with no noticeable increase occurring subseguent
to their remedial pumping that began in April 1990.

Hydraulic conductivities for wells USF-11, USF-12, and ¥-3 are
provided in Tables 48 and 49. As may be seen, they are fairly low,
ranging from 0.03 to 2.5 ft/day. The hydraulic gradient in this area
is fairly flat. For example, USF-11 is separated from W-14 by about
160 ft and on May 7, 1991 had a hydraulic head difference of 1.11
feet. This yields a horizontal hydraulic gradient of 0.007. If a
hydraulic conductivity of 1.5 ft/day and a porosity of 0.3 are used,
an interstitial velocity can be calculated as 0.035 ft/day or almost
13 ft/yr. This provides an estimate of how fast the caustic plume may
be moving (i.e., it ignores variations in hydraulic conductivity and
other processes such as dispersion}.

The caustic plume contains hazardous constituents. The first is
the caustic itself, which at well USF-11 has a pH of 12.5. MCLs are
also exceeded for chromium, lead and arsenic. Finally, historical
sampiing (10/87) of well W-3 has exceeded the MCL of 1,1-
dichloroethene (0.007 mg/1) with a value of 0.022 mg/1. The more
recent sampling of wells USF-11 and 12, however, only showed low
concentrations of organics (Table 50).

Of the constituents that exceed MCLs, arsenic was examined in
detail and plotted on Figure 31. The source of the arsenic might have
been boll weevil pesticide that was leached from the cotton in the
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bleach house. Dye sludge also contains arsenic and is a potential
source. Another possible source of the arsenic may be the soil
material, where the caustic is causing the arsenic to leach. The
background soil boring B-1 shows that arsenic is present in the native
soils (Table 15). Arsenic chemistry can be complex and is beyond the
scope of this effort. It is of interest to note, however, that, with
very few exceptions, there is a direct correlation between pH values
and arsenic concentrations. Thus, although arsenic concentrations in
the soil are low, the soil could be leaching arsenic as a result of
the caustic.

4.8 BLUE POND {OPERABLE UNIT 8)

Of the soil borings and wells installed to investigate the Blue
Pond, only one shallow soil sample from 2-4 feet below land surface
exceeded the proposed RCRA action level for chromium (BPB-9: 1900
mg/1). Groundwater in the vicinity of the Blue Pond does not appear
to be impacted, with the exception of aluminum at a concentration of
2.2 mg/1.

4.9 LANGSTON CREEK AQUIFER (OPERABLE UNIT 9)
The routes of migration of contaminants in the Langston Creek
Fleodplain are groundwater and surface water migration.

4.9.1 Groundwater System
Between March 1982 and May 1990, 20 wells were installed along

Langston Creek to address chromium contamination, to measure water
levels, and to provide for chromium extraction by pumping (Figure 23).
During Tate 1990 and early 1991, an additional 24 wells and 3
piezometers were installed in the Langston Creek aquifer {Figure 23).
Through these well installations, four stratigraphic horizons were
identified: '

. Fi11 - consisting of crushed rock, cinders, and sand;

. Alluvium - red brown to gray sand and silt;

Geolrans,inc.
136



192

. Saprolite - weathered bedrock consisting of sands and silts;
and

. Bedrock - fractured, weathered biotite gneiss.

Classification of the open interval of these wells has been
divided into alluvial, saprolite, and bedrock. Well specifications
and borehole stratigraphy for the pre-November 1990 wells are
presented in Table I; those for the more recent wells are provided in
Table 46. The stratigraphic units that underlie Langston Creek
exhibit significant spatial variability. Although the division of
units appears straight forward, the heterogeneous nature of the
materials resulis in complex patterns. This compiex distribution
affects groundwater flow and contamination distributions.

The site conceptualization presented here is similar to that
presented in GeoTrans (1989). In this conceptualization, the upper
weathered portion of the bedrock and, in places, the lower part of the
saprolite, form a confined aquifer. Overlying this aquifer, upper
portions of the saprolite that have low permeability form a confining
bed. This is overlain by alluvium and fil11 that form a water-table
aquifer. This conceptualization is highly generalized; the Langston
Creek aquifer system is actuaily highly variable spatially, exhibiting
varying degrees of hydraulic connection, both horizontally and
vertically.

The sediments and saprolite that constitute a part of the
Langston Creek aquifer system extend toward the west behind the dye
house (Figures 33, 34, and 35). The earlier conceptualization
(GeoTrans, 1989) indicated that the bedrock rose toward the basement
of the dye house. This was based on a hydropunch that was thought to
have encountered bedrock at a shallow depth. Recent studies have
shown this not to be the case. Thus, the Langston Creek aquifer
extends beyond and west of the main plant. The aquifer system extends
south towards the Reedy River; it extends north up Langston Creek an
unknown distance. The aquifer system may extend toward the east
beyond Highway 253. In addition to the lack of wells in this
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direction, at certain locations in this direction, the topography
increases steeply representing a possible bedrock high.

4.9.20 Flow System
Water-level data are provided in Figures 37 to 39. Based on

these data and historical water-level data, the groundwater flow -
system can be described as follows. Generally, groundwater is flowing
toward Langston Creek from the west, and perhaps from the east, and
then in a southwesterly direction along the Langston Creek Floodplain.
In the southeastern portion of the site, near Highway 235, the
groundwater flow direction is toward the east away from the Union
Bleachery site.

In general, the well clusters away from Langston Creek (USF-9 and
USF-9A, and RMT-5A and RMT-5B} exhibit a slight, downward, hydraulic
gradient. The well clusters in close proximity to Langston Creek
(USF~14 and USF-14A, USF-19 and USF-19A, and W-4 and W-11) exhibit a
medium to strong, upward, gradient. This upward hydraulic gradient
was also noted by Law Engineering Testing upon drilling W-9.

Aquifer properties have been estimated through the use of various
aquifer tests, primarily slug tests {Tables 48 and 49). Five bedrock
wells have been slug tested; the results indicate a range of hydraulic
conductivities (depending in part on the method of analysis) - 0.09-
9.2 ft/d. The specific storage of the bedrock is estimated from
Walton (1988) to range from 107 - 107 ft™'. Over 15 saprolite wells
have been slug tested. The results show the hydraulic conductivity
varies from approximately (again, this depends in part on the method
of analysis) 0.42 - 70 ft/d. The specific storage is estimated from
Walton (1988) to range from 10 - 107 ft''. Approximately six
alluvial wells were siug tested. The results indicate a range,
depending in part on the method of anaiysis, of 0.08 - 30 ft/d. The
alluvium is estimated to have a specific yield ranging from 0.0 - 0.3
{Walton, 1988}. In order to better understand the flow system and
enhance the existing remediation, additional aquifer testing has been
proposed (Geoirans, 1991b).
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4.9.3 Chromium Contamination

Historical chromium data for groundwater are listed in Table 2:
data collected as part of this RI are posted in Figure 40. Based on
the results from the RI, the chromium contamination at the Union
Bleachery site is more extensive than previously characterized. The
plume extends northward, up Langston Creek, north of the pond to at
Teast well USF-23, some 350 feet from extraction well W-9. Toward the
south, chromium in well W-15 has increased in concentration,
indicating that the current pump-and-treat system is not containing
the chromium plume, and that off-site migration is most likely
occurring, as this well is near the property boundary. Chromium-
contaminated groundwater (associated with the chromium supply line)
also has been detected toward the west behind the main facility
building. In addition, chromium contamination has been found at
greater depths than previous wells had indicated.

The specific source of the chromium beneath Langston Creek has
been connected to the leaks from the chromium line. Cone used
chromium primarily as an oxidizing agent {bath) for sulfur dye colors.
The box (unit) would overflow and drain to the same system as the
overflows and drains from the dye baths. These mixed flows would then
be pumped together. If the spent oxidizing agent were the source,
much of the chromium would have been reduced to its trivalent form and
it would be mixed with "color, BOD and COD." This is not the case
with chromium beneath Langston Creek.

When discovered, chromium in W-9 exceeded 3000 mg/1, and this
hexavalent chromium is the only contaminant of significance in W-9.
The source was thought to be unused chromium, probably from a leak in
a chromium supply Tine. Data collected as part of this RI supports
this hypothesis. Chromium in the line had a concentration of 405,000
mg/1. The line was discovered to have leaks, with contaminated soil
covering an extensive area and down to the water table. Groundwater
beneath the Tine had a chromium concentration at USF-9 of 97 mg/1 in
1991. This is at least 17 years after this chromium line’s use was
discontinued. Additionally, there is a downward hydraulic gradient at
USF-9. Considerable effort was expended to determine the pathway that
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chromium may have moved from the chromium line to Langston Creek.
Although no precise path could be determined, USF-9, 5, and 10 are in
a direct Tine with USF-19, which indicates one probable path of
chromium contamination migration. Given the heterogeneous nature of
the geologic material combined with the anthropogenic effects (e.q.,
numercus pipelines) in the vicinity of Union Bleachery, the exact
pathway is difficult to determine.

4.9.4 Existing Pump-and-Treat System

Remedial groundwater pumping to recover chromium-contaminated
groundwater at the Union Bleachery site has been operating since
November 11, 1982, According to a Consent Order dated May 14, 1984,

NOW, THEREFORE, IT IS ORDERED, pursuant to Section 48-1-50
of the 1976 Code, as amended, and with the consent of the
parties, that Cone Mills shall continue to recover and treat
the contaminated groundwater beneath this property, in a
Department-approved fashion, until an agreed upon level is
reached, at which time the remaining groundwater will be
recovered until the Department determines that background
levels have been met.

Well W-9, a two-inch PYC monitor well, has been pumped
intermittently at a maximum withdrawal rate of about 6.6 gpm. The net
process rate or the rate at which water is being treated was
calculated from Cone Mills monthly records and is presented in terms
of gallons per minute in Figure 41. As shown all net process rates
thus far are below 6.2 gpm. Because of the heterogeneous nature of
the Langston Creek Aquifer system, and the widespread and complex
distribution of chromium contamination, extraction at W-9 is
insufficient to effectively capture all contamination. The increase
in chromium concentrations at W-15 indicates that the chromium plume
is moving beyond the effective capture zone of W-9.

The approximate amount of chromium removed by the remedial
pumping system on a monthly basis is depicted in Figure 42. The mass
of chromium removed was calculated using the amount of chromium batch
processes over the month and the monthly concentration measurement of
chromium at W-9. The rate of chromium removal by pumping at W-9 has
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Figure 41. Net process rate for the chromium batch treatment
system in gallons per minute, November 1982 to
August 1890.
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decreased slightly since remediation startup. Overall the calculated
amount of chromium removed by the end of 1990 is thirteen tons. The
cumulative amount of chromium removed (Figure 43) shows that no
significant leveling off of chromium removal has been reached.

Average annual chromium distributions are presented in
Appendix B. As shown in these figures, average chromium
concentrations have shown marked reductions at the remedial pumping
well, W-9. To a Tesser degree, wells directly west of W-9 but east of
the main plant: W-2, W-10, W-3, W-14, and W-5 also showed decreasing
average chromium concentrations from 1983 to 1989. In 1990, however,
all of these wells except W-3 showed increasing chromium
concentrations.

Reductions in chromium concentrations at W-9, W-2, W-3, W-5,
W-10, and W-14 may represent chromium capture by the W-9 chromium
recovery system. Increases in chromium concentration in 1990,
especially near the main plant, may be partly due to the pumping at
W-2 and W-10, which began in April 1990. This pumping may be

-recovering some of the contaminated groundwater that extends under the
main plant. Chromium concentration at W-10, a bedrock well, has more
than doubled from 40 mg/1 on April 27, 1990 to 98 mg/1 on August 8,
1990. '

Chromium concentrations in wells not directly upgradient from W-9
and those wells beyond the downgradient capture zone will not be
affected by groundwater pumping at W-9. This is particularly
significant for those downgradient wells which have increasing
chromium concentrations with time. Well W-15, for example, had an
average chromium concentration of 7.2 mg/1 in 1987 and 10.6 mg/1 in
1980. As of April 1991, chromium concentration in W-15 had reached 44
mg/1. These results suggest that chromium currently downgradient of
W-9 is migrating off site.

Chromium contamination has been found in all units: alluvium,
saprolite and bedrock. Although W-9 has been recovering chromium from
the alluvium and saprolite material, its impact on the bedrock aquifer
probably is limited. Drilling, as part of the RI, indicates that W-9
terminates approximately 20 feet above the top of bedrock. As
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previously indicated, the significance of a portion of the saprolite
as a confining bed is demonstrated by well cluster RMT-5, RMT-5A, and
RMT-5B, which are completed in the alluvium, saprolite, and bedrock,
respectively. Sampling results by R&C from a sample taken on June 20,
1990 from RMT-5, RMT-5A, and RMT-5B showed chromium concentrations of
7.1 mg/1 for the alluvium, <0.02 mg/1 for the saprolite, and 18.00
mg/1 for the bedrock. Because chromium occurs in the alluvial and
bedrock wells, but not the saprolite well at this Tocation, multiple
plumes, with at least one plume in the alluvium are suggested. It
also should be noted that the chromium concentrations are higher in
the bedrock well (5B) than in the alluvial well (5). Because the
RMT-5 series cluster is outside the expected capture zone of W-9,
chromium within these wells will most Tikely continue to migrate.

4.9.5 Langston Creek

One of the goals of the pump-and-treat system is to protect
Langston Creek. As'pointed out in previous sections, the MCL for
chromium has often been exceeded in Langston Creek (see Table 3). The
impact of benthic macroinvertebrate in Langston Creek and Reedy River
was assessed using rapid bioassessment protocols (RBP} and is
described in Appendix F.

The results of the study indicated no impairment or sTight
impairment at the downstream locations in Langston Creek. These
results are uncertain because (1) the upstream reference station may
have been impacted by upstream contaminant sources and/or (2) at the
time of the sampling high water level conditions existed due to a
prior flood event that could have altered the composition of the
macroinvertebrate community through scouring or drift.
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Table A

.1. Composition of sludge samples in mg/kg where SL-1 {B-1E} is

from the Tandfi1l, SL-2 is from the lagoon, and SL-3 & SL-4

are from the dye range.

URIOR BLEACHERY

sL-1 st-2 $t-3 SLe4
{5/9/90 S/8/90  |4/24/90 LIZRIF0 |47 24790 LI6190  1L/24790 Li290 |
LR g R N R e Y Ao - AR L L TR R R R L T R, Forcawanacmn LR R T
FARAMETER]  R&C RRY | Rke RNY I Rke RMY | R&C RHY |
~~~~~ 04*«044--—'0**»*“‘“‘*‘“‘"““"*****“"**“v***-‘-0-----¢*¢--¢—---0*-**‘*“*--"‘4**—0"'~~~~*¢'---»¢00~~-0
Arsenic 12 6.5 <1.0 $.4 17 43 <t.0 11
Bariux 49 130 123 210 7 280 134 v
Cachniuy 0.08 3.8 2.6 <08 2.5 2.0 15 <0.7
Chromius 143 16000 1750 1900 1520 2100 134 350
Copper 1.8 200 46 $3 272 n 545 &80
iron 530 48000 | 35100 $3000 | 21500 71006 | 50900 470000
tead «0.02 32 2.0 30 234 290 127 70
Magoesium| 1400 1500 1050 1500 696 820 1360 930
xangermse 2.1 150 342 590 41 200 1910 2300
Nercury 0.22 0.5 <(.2 <0.% 2.2 4.8 <G.2 0.2
Setenium <1.0 <t.0 <1.9 <t.0 <1.0 3.8 <1.0 <0.¢
Siiver 2.6 <2 <i.g <2 <i.0 <1 <1.8 <1
Zine 7.1 790 82 150 158 270 564 350
Table A.2. Toxic Characteristic Leaching Procedure (TCLP) results for
( the sludge samplies in mg/1.

UHION BLEACHERY

Toxic Charscreristic

Lesching Procedurs

sL-1 si-2 sL-3 SL-4
Landfilt Studge Lagoon Siudge Dye Range Dye Rsnge
{579/90 5/8/90 [4724/90 LITRI90 14724090 LP26/90 16726790 472790 |

R o R T T Y 2 o it R O L LR e e o o AW o *
PARAMETER]  REC RNT | r&e RMT | RRC RAT | R&C RMT ]
......... T R W O O B T S e e e e e e e W A A e e e e A e N
Arsenic <. 01 <0003 | <0.01 0.005 | «<0.91 <0.003 | <0.01 <0.003
sarium 9.56 6.72 8.59 8.77 1 <0.01 6.08 0.68 1.3
Cacknium <0, 01 0.008 <0.01 <0.005 <0.01 0.01 <G.0% 0,005
Chromim 1.4 2.8 0.12 0.07 0.24 8.2 | <0.02 0.04
Copper 2.01 <002 | <B8.01 <0.02 0.43 <602 6.02 1.1
LI g.21 0.8 38 190 0.29 200 7.6 <0.1
Leadt <@.02 <0.01 «0.02 «0.% 0.1% 6§ «<0,02 <0.1
Magresium 16 13 12 14 13 11 5.2 ik
Mangenese 1.1 1.1 4 19 0.6% 6.2 11 8.55
Mercury | <0.002 <0.0002 | <0.902 <4.0002 | <0.002 <0,0002° | <0.002 <¢.5002
Setenium | <0.01 <0003 <0.0% <0.003 | <0.01 <0006 { <6.0% <0.003
Sitver <0.01 <0.01 <G.0% <10 | <001 <10 | <6.01 <%0
Zinc 7.5 8.5 0.2 2.4 1 0.1% 1.8 1.3
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Table A.3. Groundwater sampling results from March 6, 1990 sampling episode in mg/1.

UNION BLEACHERY

MARCH 6, 1990

i M- { w2 | w3 i m-4 i -5 {
--------- 0‘-‘«~~~u~‘~-ld'ba~n~bc~Ninnawwuntu-ﬁmﬁn«»-vv««»«‘uonnn»ooww»'nv««»mu«v"vhn'*qaw—uuu-vw-AA»vb-‘n—--conooo~u-~-o~.-u-"
PARAMETER|  RIC mi | osc LR S ¥ 1 mr | fe LA B ¢ 4 LH |
»»»»»»»»» ¢.~-.u..~.«‘».w..-u.m....-..—......m..y...«»...-........»¢~.....--a...-u.-»»‘-.--.»Q-.-«‘«.-..-..---.»--...9-------.-.---’..'..--.9
Arsenic «0.01 0.008 | <0.0% 0.004 | 0.242 g.21 ] «0.01 <0.003 | <0.0% 0.003
Bariux 0.47 0.42 0.03 <0.05 0.02 <0.08 a.19 ¢.18 0.29 0.3
Cacknium <G.01 0.0011 | «0.0% 6.0064 { <0.0% <0.0003 | <0.01 <0.0003 | <0.0% <0.0003
Chromiem 8.08 ¢.081 100 110 8.07 0.03¢ 0.04 0.017°} 0.1 0.12
Lead <¢.01 8.1 ¢ 8.017 <0.003 | o.03a 8.008 { 0.013 0.009 | 0.04% 0.044
Hercury | <0.062 <0.0002 | <Q.002 <0.0002 | «0.002 <0.0002 | «0.002 <0.6062 | <0.002 <0.0002

| M6 { -7 | -3 { -9 | - 19
»»»»»»»»» ,m”w.M..--.-..-.-.“.-,...M..M--.---»..._.-...,..n.-.-.--a-.--.‘...-.._...----.a-.“...,.,,.,H..--..,.,...,.....-.,
PARAMETER|  RLC L1 A T LLT I ¢ 7 RMY | mic LL A A 1 ar |
~~~~~~~~~ 4-.”“-....-..».---"-g...-.-..--..-....-._.-.,..-.........“....--....H;.“..»....-..--..-.,-..-.-........--..--....‘.-;
Arsenic <0.01 <0.003 <0.01 <0.003 <0.01 <0.003 «0.01 «0.003 <0.01 <0.083
Barium 6.04 <0.0% 0.48 a.5 0.05 «0.05 0.0 <0.05% 6.05 <0.05
Cocknium <0.0% 0.0004 | <00y 0.0004 | «0.01 G.0004 | «0.01 <0.0003 0.01 0.0008
Chromium { <0.02 ¢.008 0.09 9.098 0.02 0.006 133 140 £ 41
Lead <0.01 D.004 | <0.01 <0.00% §  «0.0% 0.004 | <0.01 «0.00% | <0.01 9.007
Mercury | <0.002 <¢.0002 § <0.002 <0.0002 | <0.002 «0.0002 | <0.002 «0.0002 | «06.002 <0.0002

| mi-11 | mi-13 | 14 ] mi-15 ] - 16 } -7
......... 9-..-...---.--...-..‘--4--‘..-.v«m....m‘«-“n«-wgmum--»«—»uwm«»»-..-~u§~-'~~~.-~n~---~—‘¢.-...Q.‘-‘--.--‘-a..---------9---.--.---‘.-....~--~-
PARAMETER]  RAC RNT ] mec LA B 74 T | e I B V74 mr ] i RNT
~~~~~~~~~ .--.....““-.-m.,.”,,-..,.....w..---..‘....».*.“..-......‘-._..--_;.....-..-.----."-.-.-.....-..‘..-.......--“.4.--..........‘.._.....
Aesenic <0.01 T +0.003 | «0.01 <0.003 | ©0.013 0.025 | <0.01 0.003 | «0.01 «0.003 | <0.01 <0.003
Barium 0.05 <G.05 0.09 0.07 0.02 <0.08 0.34 0.25 0.81 0.88 0.59 0.64
Cacknium «0.01 <0.0003 | <«0.01 0.002 0.0% <0.0003 | <0,0% <0.0003 | «0,01 0.0006 | <0.01 <0.0003
€hromium 6.06 0.01¢9 0.04 8.013 8.05 0.04 23 11 0.9 0.95 0.11 0.095
Lead 6.014 <0.003 | 0.033 6.032 | 0.02% 0.005 | 0.013 0.009 | <0.01 6.011 | <0.0y 0.003
Kercury <0002 <G.0002 | <0.002 <0.0002 | «G.002 <G 0002 | <0.002 <0.0002 | <0.002 <0,0002 | <0.002 <0, 0002
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APPENDIX B - CHROMIUM CONCENTRATION WITH TIME PLOTS, LOG SCALE

Geolrans,inc.
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Figure B3. Chromium concentration versus time for Cone monitor wells
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T SR TR O

D. CASING _27 ~ WELL NO. USF—1
D. BOREHOLE _ 10" = - LOCATION U9, FINISHING
MP. ELEV. (rel.) _83.96 wp DATE COMP. __9/6/90

o

PROTECTIVE PAD ——

— - 0,00 | PROTECTIVE PAD
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ A g LY vﬁj DIMENSIONS
NS T b T g RNOANY, 2%2Xe” MING
o

AN .
N AR ARRS 3 PRV UL
<;R<>L;ND/»“/\/\/ 7' o S
Surrace (\//\\({\\//\Y;{g | TR
1 Fle
S0 4 8
GROUT L
CEMENT v
(TYPE) V‘:::i"
s
CASING B I
VC
T | DEPTH TO TOP OF
(TYPE) CV] P T eenToNTE_ 2
oSt [958
h Dgog ogo
o —— B 28— oo roror
(Tvee)y 2591 282‘/ FILTER PACK_3
et I DEPTH TO TOP
ol [ELT OF SeREEN_#

FILTER PACK
SAND, FX~50

(SIZE)

SCREEN
PVC,.010

(TYPE AND GAUGE)

fj,’fii:j/_ DEPTH TO BOTTOM
o OF SCREEN __147

TOTAL DEPTH _14

A

NOTE: DEPTHS REFERENCED FROM GROUND SURFACE
GG—~75~MW
AS BUILT J.L. Rogers & Callcott

Greenyille Scuth Carcling

U.S. FINISHING WELL 1 (USF—1) Engineers, Inc.
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G0= 75— L Ll TI iC)LQ)C\l/

RAGE 1 OF i,
i ocp " N PENETRATION
| e DESCRIPTION BLOWS PER FT. (N)
4336 e
5 10 20 30 40 60
0 Clay; silty, red-brown; black 4w

ash—iike maoteriol at 1.5

%

aand No Recovery

damp

|
v/
%

%

-t No Recovery, wet

coarse gromed,

Same as obove

<

v

Some as above
T.D, W
-G ]

—

Ash; black with dark grey cloy

Sand; silty, t%n-med. grey, very

24 Hr. Water Level 7.14" below MP

i

[ S S

PENETRATION 1S THE NUMBER (N)
OF BLOWS OF A 140 (B. HAMMER
FALUNG 30 IN, REQUIRED TO DRIVE
A 1.4 IN. LD, SAMPLER 1 FT.

B UNCONSOLIDATED SAMPLE ¥V WATER TABLE, 1 HR,

£ UNDISTURBED SAMPLE ¥ WATER TABLE, 24 HR.

B CORED INTERVAL B HYDROPUNCH SAMPLE

J.L. Rogers & Callcott
Engineers, Inc.

Gresnrille Southh Carolinas

WELL NO._USF=1
LOCATION _J.5, FINISHING
DATE DRILLED _{

LOGGED BY _Kww
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D. CASING _2" : WELL NO. __USF-2
D. BOREHOLE __1Q" LOCATION _US, FINISHING
MP. ELEV. (rel.) ..82.98 up DATE COMP. _8/7/90
e
©
PROTECTIVE PAD PU— X SR . | PROTECTIVE PAD
A NS g;?{fc«}\?‘,-ja vrjo.o — DIMENSIONS
CROUND S /’ N /?/2-1 SV Y g S INOANY. 2X 26T MIN.
e AL R B AL VNN
SURFACE / \/ \\/ S . ‘.:.:,i\K\X\/\\// }
oA S
A e
”.::jf\.? :», ji;?:f:
GROUT . v Gy
CEMENT :\i-*&;a-r N
(TYPE) SRR I - S

CASING = S e
PVC : \fff AAAAAA <} DEPTH TO TOP' OF
(TYPE) SYl LT eenTonTE_ 2L

- Dgog ng
PELLETS S :5:0°% O 135 DEPTH TO TOP_OF
(TYPES. 524 080/— FILTER PACK_3
AREAL) [t

DEPTH TO TOP
OF SCREEN 4

FILTER PACK :
SAND. FX=50 i

{(S1zZe)

SCREEN o
BVC.O10 |

(TYPE AND GAUGE)

DEPTH TO BOTTOM
OF SCREEN __14

o

TOTAL DEPTH __14.5

NOTE: DEPTHS REFERENCED FROM GROUND SURFACE

90~-75—MW
AS BUILT J. L. Rogers & Callcott
U.S. FINISHING WELL 2 (USF-2) Engineers, Inc.
Greenville Eouth Carcling
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LITHOLOCY LOG

SIS B SR FAGE 1 OF 2
e cerny ’ N PENETRATION
£LEY. (FEET)

DESCRIPTION BLOWS PER FT. (N)

§a.98 " 510 20 3040 60

O 1 4
~
~k, N\, Ash: dork brown, damp
\\\\Q ‘
3
...Q\ Ashi dark brown with dork brown cloy 5
M N
6
-5 ——Q:\‘ Same os above
: 4
AN
_Q N Clay, greenish brown, stiff, wet ¢
\\ 7
6
-—-\\:\\\ Same as aobove 5
-0 AN
NN s
«\\ Some as above s
N
\\ ¢
- 3 Some as cbove
:\\\ s 4
o1
SR
- 24 Hr. Water Level 5.7 below M.P.
B 7o QO
L 1yp—
I Te Jpum—
.._.35 pr—

PENETRATION 15 THE NUMBER {N)
OF BLOWS OF A 140 LB. HAMMER
FALUNG 30 IN. REQUIRED YO DRMVE
A 14 INO LD, SAMPLER 1 FT.

& UNCONSOLIDATED SAMPLE
UNDISTURBED SAMPLE
B CORED INTERVAL

J.L. Rogers & Callcott

Engineers, Inec.

Creenville Seuth Caroline

YV WATER TABLE, 1 HR.
¥ WATER TABLE, 24 HR.
@ HYDROPUNCH SAMPLE

WELL NO._USF—2
LOCATION _U.S. FIMISHING
DATE DRILLED 8-7-90
LOGGED BY KWW
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0. CASING _ 27
D. BOREHOLE 10
MP. ELEV. (rel.) .82.99

=
o
o

%

Sl

PGl

WELL NO. USF w3
LOCATION __U.S FINISHING

L8/
_—yp DATE CoMP. _9/7/90

PROTECTIVE PAD ——_ -

d ‘\>\§//\\//\3:3: 79

GrROUND "
SURFACE /K\/\\é%

GROUT  — vl
CEMENT \ifé}};-
(TYPE) s

CASING o
BV
{TYPE) e

o
0
]
BENTONITE b
PELLETS \3

(TYPE)

FILTER PACK
SAND, FX-50

(SIZE)

SCREEN
PVC,.Q10

(TYPE AND GAUGE)

PROTECTIVE PAD

G

Jo7 el 2%t omensions
AT g \/\x/ 2'X2'X6" MIN,
RO AWON 77

B CANGN 28

¥

g

1y

Vo

o

L

o —— DEPTH TO TOP OF
S BENTONITE 2 _
o6

o0

OOO

oS0

009 DEPTH TO TOP_OF
oS0 / FILTER PACK__3

DEPTH TO ICP
OF SCREEN__ 4

4

10°

DEPTH TO BOTTOM
OF SCREEN __ 14

TOTAL DEPTH 145

NOTE: DEPTHS REFERENCED FROM GROUND SURFACE

90~ 75~-MW

AS BUILT
U.S. FINISHING WELL 3 (USF—3)

Greeprille

J.L. Rogers & Callcott

Engineers, Inc.
South Cerolins
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LITHOLOGY LOG

S0-75—L1L PAGE 1 OF _1_
ReL DEP T ' N PENETRATION
£LEY. (FEET) -
DESCRIPTION BLOWS PER FT. (N)
928
s " 5 10 20 30 40 &0
¢
2
.._\\ Ash, black, wilth silt )
-«N Same o3 obove 3
L \ 5 b
4
F - w—\ Same os above s
4+
M\ Same 03 above, wet ‘
\ . 3
._\ Clay, greenish brown s
-10 3
—-\\\ Same a3 above 3
\ 3
*\ Saome o5 above 5 |
.
T.0. 145
—15 S
B 24 Hr. Water Level 6.80" balow MP
B0 —
1 pp—
g ¥ —
_35 PR

PENLTRATION IS THE NUMBER (W)
OF BLOWS OF A 140 LB. HAMMER
FALUNG 30 IN. REQUIRED TO DRIVE
A T4 N LD, SAMPLER 1 FT.

& INCONSOUDATED SAMPLE

§ NDISTURBED SAMPLE
B CORED INTERVAL

J.L. Rogers & Callcott
Engineers, Inc.

Gresnvilie South Caroline

V' WATER TABLE, 1 HR,
¥ WATER TABLE, 24 HR.
@ HYDROPUNCH SaMPLE

WELL NO._USF-3
LOCATION _U.S. FINISHING
DATE DRILLED 8-7-80
LOGGED BY KWW
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SHEET_1_OF_2_

ROGERS & CA-IAIJCOTT P.Q. BOX 5655, GREENVILLE, SOUTH CAROLINA 29608

718 LOWNOES ML, RD,, CACLNVLLE, SOUTH CAROUINA

ENGINEERS, INC. Fax (o03) 235oposs
WELL LOG
PROJECT LS. FINISHING WELL NO. OR BORING NOQO. USF—4
CLIENT U.S, FINISHING DATE STARTED J G917
LOCATION _ GREENVILLE SC. DATE FINISHED 1-15-91
LOGGED BY KWW, RR DRILLER CONTRACTOR ED &S
LATITUDE 34° 53" 00" DRILLER'S NAME M. JACKSON
LONGITUDRE 82° 25 36" DRILLER'S CERT. # 807
BLOWS WELL
pEPT PER FT. | SAMALE
ki BT oA LITHOLOGY SCHEMATIC
D. CASING 107 Y0 28 0, BOREMOLE 12° Y0 28
0. CASING 2° TO 50" D, BOREHOLE 10" _T0 &0
WP, ELEV, GND. ELEV,
g {REL) w) 106.81
w5 ]
) .
i —
g —
__25 PR,
—d < . . nd jd
n 12 \\ (Sgkpgég;mcmc medium sfvery~brown: ne odor
-30 13 e SEE SHEET 2
PENETRATION IS THE NUMBER (N) OF BLOWS OF A 140 LA,
HAMMER FALLING 30 IN. REQUIRED TO DRIVE A 1.4 IN, LD,
SAMPLER § FT. .




-ROGERS & (CALLCOTT

SHEET 2_OF 2

P.0, BOX 5855 CREENVILLE, SOUTH CARGUNA 29606
718 LOWNOES HILL RD.,, GREENVILLE, SDUTH CARDUNA

JINGINEERS, INC.

WELL LOG

TELEPHONE (803) 232-1558
FAX (803) 233-9058

PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF—4
CLIENT U.S. FINISHING DATE STARTED 1~8-91
LOCATION _GREENVILLE SC. DATE FINISHED 1~15—91
LOGGED BY __KWW, RR DRILLER CONTRACTOR _E D & S
LATITUDE 34 53 007 DRILLER'S NAME M. JACKSON
LONGITUDE ___82° 25° 36 DRILLER'S CERT. # 807
BLOWS WELL
treen | PERFT et LITHOLOGY
(FEED *) SCHEMATIC
D. CASING 2 0. BOREHOLE 107
w30 et \ o o SEE SHEET 1
SHY, sandy, very micocsouss medium sliver—brown
- 17 \ with 0 1/4" lense of coorss graned quontz: no odor
] 22 \ {SAPROUITE)
ok 21 \\\\ Snk‘mndy, micaceous; medium brown with thres
\ 1/4" layers of white sond
e 35
~35 e 22 k\ Some ax cbove TOP OF BENTONITE
— 28 35.8°
N
= 27 \\ 58 sondy, micoonouns dork medium brown with
white quarit nodes Instead of loyses
- 39 \ < TB%?O‘OF SAHD PACK
- 51 x\ Some or shove but with soms minor oonge ;lomng ;
o} d 4G e
- %1 \\ Sond very fine groinad, very siity, micocaous with twe ': - IgPSOF SCREEN
\\ white loyers of very fine gralned sond -
7 50 \ Sams oy cbove exgept groding to wond wery coorse :
— s \ ond very fiae groined, micacecur with white ond block -
\ gnelie ot the boss of somple -
™ w© \ Sand very fine groined, dty, micocacus: muedium; :
P 26 with o fsw whits coorse grolned quoctz lenses g -
. 20 \\ 17 thick t 10" SCREEN
ok 27 k\\ Soms s obove with weathsced gomet schist 5
7 o4 “ Sond fine to coorve groned, shity, micoceous :
ot 43 k :ztg r:;rp contuet with very sooose olied quoris :
B ?2;;2 X Soivee o¥ above sxcepl coorse grolned blotits gnelss || BOTTOM OF SCREEN &
-1 I5/0° (SPOON AND AUGER REFUSAL AT S$0.59 gg‘*;? OF SAND PACK
i fotal depth = 50.5°
-85 e
-80

PENETRATION IS THE RUMBER (N} OF BLOWS OF A 140 (B,

HAMKER FALLING 30 IN. REQUIRED TO DRIVE A 1.4 N, LD.

SAMPLER 1 ﬂ1 67




D. CASING 27 i WELL NO. _USF—5
D. BOREHOLE _1Q" _ LOCATION _U.S. FINISHING
MP. ELEV. (rel) _108.26 ___yp DATE COMP. __2=5-91
=
GS elev, [ob.0B
©
PROTECTIVE PAD —me k- S . | PROTECTIVE PAD
,<7<§§x<§7~f464g?:; ;gikjsz.<5;%£§r‘ DIMENZIONS
] ERARA VAR AN i 2 IN,
GRQUND/ \Y/>//\\//> ///3‘\7; . g 'V',//\ 7% ;//\/:‘/ ?
SURFACE NANKKRERG | RN
- O] 9
S s
0% 4 I 5
GROUT v Y
CEMENT “““**»\\\\N\\\w;ﬂ,_ R
(TYPE) N2 B v s
0 I s
gAgNG o
Vi
L DEPTH TO TOP OF
(TYPE) BENTONITE 25
%%ﬁlgﬁgf'""*”\\“““‘-m‘ DEPTH 1O TOP.Si
G FILTER PACK_27.1
DEPTH TO TOP -
OF SCREEN 28.5"
i
FILTER PACK "““\wwmx“\N;ffi
SAND, FX=50 : 10°
(SIZE) 5
SCREEN
EYC..010 DEPTH TO BOTTOM
{TYPE AND GAUGE) OF SCREEN 385
TOTAL DEPTH 3%

(AUGER REFUSAL)

NOTE: DEPTHS REFERENCED FROM GROUND SURFACE

G0~75~MW

AS BUILT
U.S. FINISHING WELL 5 (USF-5)

J.L.

Greenville

Rogers & Callcott

Engineers, Inc.
South Carcline

400
190




LITHOLOGY LOG e 1o 1

. ' PENETRATION
a% | e DESCRIPTION NI olows per FT. ()
108.26 uP

5 10 20 30 40 60

106.08 0 s
- St ond cinders; black
No split spoon

~—\\ Silt, clayey, dark brown to block; wet 2
—5 N 3
. Hard ot x 6
N \\ Cloy, sondy; medium grey, very stiff;
k damp 6
-~10 7
\ Clay, micoceoys, sity, medium brown
-—\ grading to silt, cloyey, oronge—brown 2
PR AN at 13.5' (SAPROLITE)

A ] \ Sit, micaceous, sandy, clayey; medium s l
\\\ orange~brown; dripping wet

20

i

X\ Same as cbove except slightly sundier 1
\ with less cloy, very wet O~ 24’25 2 \

/

Q l

i Sai 5 it Q i i

\\\\ ma chove wi h 4 uartz veiniets 4 \
23

w30 7
N Silt, micoceous, sandy; medium brown;
_\\ mixed with weathered biotite gneiss; 12

35 \ black ond whilte; very wet 33 N

PENETRATION 1S THE NUMBER (N) WITUOE 34 53 or: J.L. Rogers & Callcott
LONGITUD 870 25 3&° ,

e e o e ORUED BY TED &% Engineers, Inec.

. ORELER M,_JACKEON
A 14 . LD, SAMPLER 1 FT. ORILER'S CERT. 807 Gresuville South Curoliaa

WELL NO._USF-5

B UNCONSOLIDATED SAMPLE V WATER TABLE, 1 HR. LOCATION U.S. FINISHING
& UNDISTURBED SAMPLE ¥ WATER TABLE, 24 HR DATE ORILLED 2=4—0]
B CORED INTERVAL @ HYDROPUNCH SAMPLE LOGOED BY KWW i

169



90-76-LL L] TH OLOGY LOG PAGE 2, OF 2.

REL DEPTH , N PENETRATION
ELEV, (FEET)
DESCRIPTION BLOWS PER FT. (N)
up
S 10 20 3040 60
- 55 et \
Silt; sand; black ond white; \
\ N {weathered biotite gneiss); very hard; 67 \
ouger refusal @ 2 39
Y, -
_ TOTAL DEPTH w 3¢°
— 45 ]
PENETRATION IS THE NUMBER (N) LATTUDE 34 53 o1 J.L. Rogers & Callcott
A o oo 1T Engineers, Ine.
. DRILLER i
A L4 IN. LD, SAMPLER 1 FT, ORIUER'S ceBT 807 Greanville South *
WELL NO._USF=S
50 UNCONSOLIDATED SAMPLE ¥V WATER TABLE, 1 HR. LOCATION _U.S, FINISHING
8 UNDISTURBED SAMPLE ¥ WATER TABLE, 24 HR, DATE DRILLED 2Z2—4-81
M CORED INTERVAL ® HYDROPUNCH SAMPLE LOGGED BY KWW vt
170




SHEET_1_OF_2_
Il ROGERS & CALLCOTT  ro sox sess, oncomie, soom cxouss 26008
: 718 ngﬁgﬁég;{sj.zﬁg;‘(ggiﬁrém SOUTH CARCLINA
.} ENGINEERS, INC. Fax (803) 2550068
lA i i 17 -
WELL LOG
PROJECT _U.S. FINISHING WELL NO. OR BORING NO. USF-8
CLIENT U.S. FINISHING DATE STARTED 2—5-81
LOCATION _ GREENVILLE SC. DATE FINISHED 2—6—~91
LOGGED BY __KWw DRILLER CONTRACTOR ED &S
LATITUDE 34" 53" 01" CRILLER'S NAME M, JACKSON
LONGITUDE _82° 25' 37" DRILLER'S CERT. # 807
BLOWS WELL
D. CASING 44 0. BOREHOLE __ 30"
MP. ELEV, (‘izg}_\}m}%e 50
. (REL.) 10621 = = :
4 12 k SHt, elnders: block: top 4 groding to dlay, sighlly
N sondy, micoceoun; crongs~brown, stif
- n \\\
) ] 2 AN < Some or obove
es ] \\
o 5 \ Clay, slity, sondy, motlled oronge ysiow—brown
ond some blocks stif slight hydrocorbon smel
- 6 \\
- 5 \ < Clay, sllly, micocsous: some gray stalning: edor
- B \\
-0 e 5 \ J Cloy. slity, micoceoun: greeaish brown; tess odor
- 7 »\\\ SEL Hits clay, very micoceous; orsnge-brown:
] 4 < g?p&lng waly sirong odor ot Y1, not much edor
— 7 \\
SBY, very micoceous; rmsdium brown to oronge=
- & < brown; no odor
s s NN
— 4+ S, wwy micocsous; oronge—brown no odor
- 4
™ ~N
[T Jp— \
4 Swme o3 ohavs sxospt for xome weothered
7 homblende {1} crystols
-~ &
T A
w25 \
\ SH, vwy micocsour, oronge—brown; with o 1/2% vein
- 2 of quartz ond block sccessory minacots ot 25.5 ond
= 5 a siit, sondy; mediume brown: 1° thick ot 26,5
- 3G d s SEE SHEET 2
PENETRATION IS THE NUMBER (N) OF BLOWS OF & 140 LB,
HAMMER FALLING 30 IN. REQUIRED TO DRIVE A L4 IN. LOD.
SAMPIER 1 FT. .
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ROGERS & CALLCOTT
EN GINEERS ' IN C. ;%f‘zggs‘f 2(??3202&2«1555

PROJECT _U.S. FINISHING

WELL LOG

7.0, #OX 8068, CAREFNVILLE, SOUTH CAROUINA 20608
718 LOWNDES HILL KD, OKEENVILLE, BOUTH CAROUNA

WELL NO. OR BORING NO. USF =8

SHEET 2 _OF 2 _

CLIENT U.S, FINISHING DATE STARTED 2 Be Gl
LOCATION _ GREENVILLE SC. DATE FINISHED P §—G1
LOGGED BY __Kww DRILLER CONTRACTOR _E D & S
LATITUDE 34 53 017 DRILLER'S NAME M, JACKSCON
LONGITUDE __82" 25" 37" DRILLER'S CERT. # 807
aLows WELL
DEPTH | pea v, | SAMPLE
{FEET) ) INTERVAL LITHOLOGY SCHEMAT;C
D. CASING 2" 0. BOREHOLE 107
~30 —d __ SET SHEET §
\\ , .
o 2 Sht, very micaceous; oronge—brown; with two mediume—
\\\ brown micocecus silt zonex
P B . TOP OF BENTONITE
by AY
= Yery slow driing 1o 35°
. p— .
wd \\‘ Sumse os cbove except with o 17 slity sand layer = ""§§S~“ SANG PACK
e N ot ~ 36
" | TOP OF SCREEN
- 38"
—40 —— -
s 2 \\\ Seme us obove :
4 0. N -
] 1 vo' screen
45 e A Some os obove sxcept shurp conlaoct ot 48" with E
\ sond very cooras grained; black ond whits with »
e Y \ blotite ond quortz grokis (WEATHERED GRAMITE OR -
4 7o/ \\ N BOTITE GNEISS) z
A sde [T Some of chow ] __ BOYroM OF SCREEN &
BASE OF SAHD PACH
— &
-50 — (SPOON AND AUGER REFUSAL AT 48%)
7 TOTAL DEPTH w 48
-5G e
-5

PENETRATION 18 THE NUMBER {N] OF BLOWS OF A 140 (8.

HAMMER FALLING LOPECUIRED 10 ORIVE A& 1.4 1N, LD,
SAMPLER € 5T 3172 14 N, LD




SHEET_1 OF_1_

ROGERS & (CALLCOTT . nox cacs. awconwir, sount oanousia aocas
718 LOYMOES HILL RO., CREENWVULE, SOUTH CARDUNA
ENGINEERS, INC. P (0% 235-aasn
WELL LOG
PROJECT _U.S. FINISHING WELL NO. OR BORING NO. USF—7 (CDLB—1)
CLIENT U.S. FINISHING DATE STARTED 1-16—91
LOCATION GREENVILLE SC. DATE FINISHED 1—18—01
LOGGED BY KWW / RR DRILLER CONTRACTOR E D & S
LATITUDE __ 34" 53 00" DRILLER'S NAME M. JACKSON
LONGITUDE _82° 25" 38" DRILLER'S CERT. # 807
t BLows WELL
¢ DEPTH PER FT. SAMPLE
(Feen R FT I LITHOLOGY SCHEMATIC
D, CASING 27 = 0. BOREHOLE _ 107
17, —:&3

GNO. BLEV.

L ’“_1 }___(Ra.)pg.s‘
N
- \\\ Clay, shity, red~brown

N
1 \‘\ Sams o obove, sighily micecsous — TOP OF BENTONITE 7/
‘ >\ !___ TOP OF SAND
Q 8
- \\ Some os cbove, very micocecus
:\ TOP OF SCREEN

T

\§ SAL. red—brown, wery micacesus, alight hydrocorben odor

15 \ STt gresnishebrawn, yecy micocsous, sirong hydrocorbon
- \\ odor D R —
{_/'"—'_h-u
P \\\ Same os above
Q
- \\ Some ox abovs, fo odor

L P s v T L E T VL EiTTTT

T -
BOTIOM OF SUREEN
L — —er
HOTTOM OF SAND
< 285
-30

PENETRATION IS THE NUMBER {H} OF BLOWS OF A 140 (.
HAMMER FALLING 30 . W TO DRIVE A 1.4 4, LD,
BAMPLER 1 FT.




FINGINEERS, INC.

T

ROGERS & CALLCOTT

SHEET 1_OF_1

£.0, BOX 8855, CRECNWLLE, SOUTH CAROUNA 20606
718 LOWNDES HILL RD., GREENVILLE, SOUTH CAROLINA
TELEPHONE (803) 232-1556

FAX (803) 233-8058

PO

i
IR IR 00

WELL LOG

PROJECT _U.S. FINISHING

USF-8
WELL NO. OR BORING NO. (CDLB—14+2)

CUENT U.S. FINISHING DATE STARTED 1-16-91
LOCATION _GREENVILLE SC. DATE FINISHED 1—-18-91
LOGGED BY RR KWW DRILLER CONTRACTOR _E D & S
LATITUDE 34" 853" 01" DRILLER'S NAME M., JACKSON
LONGITUDE _82° 25 37" DRILLER'S CERT. # 807
BLows WELL

D, CATING _ 27 D. BOREHGLE __ 107

u:é‘cuv.

(REL) 113386 tﬂé

GND, gLev.

0 - —-——-[ }_(ﬂm‘_ﬂﬁﬁ_

Ciay, med, brown, very sliff

Some ar above, veey micacsous

Sume os obove

-~ 30

53, cindary ond grovel, ey dork browa

Cloy, med. brown, siity, very micocecus

SHE, med. brown, doyey, very micecesus

SHL, greenish—brown, very micoceous

SUt, med. brown, very micacecus, wat

e TOP OF BENTONITE ¥
'«—-»TOP OF SAND &'

——TOP OF SCREEN 10

KRR e

BOTTOM OF SCREEW 25
BASE OF SAND 287

FENETRATION IS THE NUMBER (N) OF BLOWS OF 4 140 LB,
HAMMER FALLING 30 N RSQ{J‘TG} 2 DRIVE A L4 N LDu

SAMPLER ¢ FT.




iid

ROGERS & (CALLCOTT
FEINGINEERS, INC.

J

il ]

PROJECT _U.S. FINISHING

WELL LOG

SHEET J..OF 1.

£.0. BOX 8585, CREENWILLE, SOUTH CAROLINA 28808
718 LOWNOES HILL RD., CRECNVILE, SOUTH CAROUNA
YELEPHONE (803) 2321856

FAX (803) 233-9058

USF-g

WELL NO. OR BORING NO. (CDLB-2043.7)

CLENT U.S. FINISHING DATE STARTED 1=17~61
LOCATION _ GREENVILLE SC. DATE FINISHED 1—18-81
LOGGED BY RR KWW ORILLER CONTRACTOR_E D & S
LATITUDE 34° 53" 02" DRILLER'S NAME M. JACKSON
LONGITUDE _82" 25' 37" DRILLER’'S CERT. # 807
sLows WELL
{;’Eé’g‘;”, Pig{}m INTERVAL LITHOLOGY SCHEMATIC
. CASING __ 2" D. BOREHOLE ___ 10"
MNP, ELEV, .
{REL.} 11498 s
(e b0
& 1150
° 1 I
- .-

Same o

Sams o

Clay, red=brown, sty

chove

above

Soms ox cbowe, very micaceous

Sit, red—brown, cloysy, very micoceous

Somw o sbows

Shit, greenivh—brown, claysy, very micoceous

Some os above. groding to med. brown

PENETRATION IS THE NUMB% K} OF BLOWS OF A 140 iB,

HAMHER FALUING 30 N,

TAMIGITG .

T DRIVE A 1.4 4. LD,
oy

o g e TR OF BENTONITE ¥
l___ TOP OF SAND &

e TOF OF SCREEN 10°

BASE OF SCREEN 25
BASE OF SAND 28§

[llfIIl!l!i!llll(il(llllllllii{
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ROGERS & (CALLCOTT
ENGINEERS, INC.

PROJECT _U.S. FINISHING
U.S. FINISHING
LOCATION __ GREENVILLE SC.

CLIENT

WELL LOG

SHEET 1_OF 2

£.0, BOX 8435, GHEENVILLE, SOUTH CARCUNA 20408
718 LOWNDES HiLL RD.. CREENVILLE, SOUTH CAROUNA
TELEPHONE {803} 232-1856

FAX {803) 233-9058

WELL NO. OR BORING NO. USF-gA
DATE STARTED 3~19~91
DATE FINISHED 3—21-91

LOGGED BY __DT (GEOTRANS) DRILLER CONTRACTOR _A T & E
LATITUDE 247 53 027 DRILLER'S NAME T. BURNETTE
LONGITUDE _82° 25" 36" DRILLER'S CERT. # 384
BLOWS WELL
O. CASING __2° D, BOREHOLE _ 10" _
} 1704 —la
gg&}&{\ﬁ
0 — i 11486
— Cooly FU l’_‘
samnples
o~ collacted
g Sond, dork brown, cloyey, molst
S —
] — Cloy, red brows, shty ond sandy, vy motst
- {SAPROLITE)
o LY s
DG m—
~ TOP OF BENTON(TE
—t P & N .
- l"“mp OF SAND 28.0°
=30 .t . STE BHEET 2

PENETRATION IS THE NUMS
HAMMER FALUING 30 M, REQ

F BLOWS OF A 140 18,
O DRIVE A 1.4 N LD,




ROGERS & (CALLCOTT

SHEET.2 OF.2_

P.O. BOX 8835, OREENVULE, SOUTH CAROLINA 20808
718 LOWNDES HiLL RD., CREENVILLE, SOUTH CAROUNA

ENGINEERS, INC. Fo ooy e poa 1298
WELL LOG
PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF—-8A
CLIENT U.S. FINISHING DATE STARTED 31991
LOCATION __GREENVILLE SC. DATE FINISHED 3—21—-91
LOGGED BY DT (GEOTRANS) DRILLER CONTRACTOR A T & E
LATITUDE 34 53 02" DRILLER'S NAME T. BURNETTE
LONGITUDE _82° 25" 36" DRILLER'S CERT. # 384
BLOWS WELL
DEPTH PER FY, | SAMPLE
iy RS WA LITHOLOGY SCHEMATIC
D. cAsING _ 2" D, BOREHOLE __10°
-3 ——— oy e SEE SHEET 4
Na 17T TOP OF SCOREEN
b samples - 30.5
] collacted :
e 1 J— -
*-: 10" SCREEN
¥ o [pm— - msg‘gb&i OF SCREEN
. Y AUGER REFUSAL AT 4t
W RN /j. Eikgs OF SAHD PACK
I TOTAL DEPTH = 41.%'
45—
-5 =
e B e
-0

PENEIRATION {S THE NUMBER
HAMMER FALLING 30 IN, REQUI

BLOWS OF & 140 18,
DRIVE A 1.4 IN. 1.0,




D. CASING _ 2
D. BOREHOLE 10"
MP. ELEV. (rel.) _99.92

PROTECTIVE PAD =

W
GROUND _/ \}}\4/

SURFACE

GROUT
CEMENT ™™

(TYPE)

CASING
PVvC T

(TYPE) T~

BENTONITE
PELLETS

(TYPE)

FILTER PACK  ———
SAND, FX—=50

(SIZE)

SCREEN
PVC,.010 -
(TYPE AND GAUGE)

WELL NO, _USF-—-10

LOCATION LS. FINISHING

p DATE COMP. 2-8-91

®
€O

L ¥ A 0.0' | PROTECTIVE PAD
o ~‘V V‘TJ DIMENSIONS
\/\\ 2'X2'X6" MIN.

// \/ X7

—~—  DEPTH TO TOP OF

(9 7 BENTONITE 24

DEPTH TO TOP OF
/ FILTER PACK_25.6
DEPTH TO TOP

OF SCREEN 28

/— DEPTH TO BOTTOM
o OF SCREEN 8’

TOTAL DEPTH __38

AUGER REFUSAL

NOTE: DEPTHS REFERENCED FROM GRQUND SURFACE

90-75~-MW

AS BUILT

U.S. FINISHING WELL 10 (USF—10)

J.L. Rogers & Callcott

Engineers, Inc.
Greenvilie South Cavoliny




LITHOLOGY LOG

40-75-LL PAGE Y OF _2
REL. oEPTH N PENETRATION
ELEV, {FEET)
DESCRIPTION BLOWS PER FT. (N)
§g.97 | weTTT{TTTT
5 10 20 30 40 60
58.25 0 <
_.\ Silt and cinders; biack 16
\\ Sitt ond cinders; black: groding to 16 //I
-—~\ clay, micaceous: grey and red—brown; 4
\ damp; ot = 2.5
N . 2
-5 \ Clay, sondy, mottied grey ond medium 2
\ brown; stiff; domp
<] 2
] \ Same as above except more sand ond 4 |
\ more grey color; wet
< 4
\ Same o3 cbove .
\\\ Silt, micoceous; silvery grey, to 11 i}
-10 < 1" lense of silt, sondy, micaceous; gre 6
. \ and white. Silt, micaceous; (SAPROUT‘E{ 2
\ orange—brown with block gccessory
< minerals 5
"\\\ Sitt: micaceous; (SAPROUTE), orange— 7
\ brown with black cecessory minerals 10 X
N
-15 w\\\\ Same as cobove except wet 8
\ Same as above except with 17 silf, 8
w\ miceceous, sandy, medium brown aof 6
\ base
&
_.,\\ SHit: orange—brown; grading to silt, sondyl g
-20 \ micoceous: medium brown and white 11 r
=25 \\: Silt, sondy, micaceous: medium brown
-\ and white grading lo silt, very 7
\ micoceous; oronge brown 14 7
_ﬁ\\ Sand (fine to coarse grained), silty 7
medium orange—brown ond while
\ ¢ 28 \\w
N, Y. q——

PENETRATION 1S THE NUMBER {N)
OF BLOWS OF A 140 LB. HAMMER

FALUNG 30 IN, REQUIRED TC DRIVE

A L4 N LD, SAMPLER 1 FT,

{0 UNCONSOLIDATED SAMPLE

£ UNDISTURBED SAMPLE
B CORED INTERVAL

LATITUDE 34 52 59° J* L*

LONGITUDE B2 25 32"
DRILED 8Y _ER.ES
DRILLER o JACKSON

DRILER'S CERT. 807 Orsezville

Rogérs & Callcott

Engineers, Inc.
South Carolins

WELL NO, USF-10

7 WATER TABLE, 1 HR. LOCATION _U.S. FINISHING
¥ WATER TABLE, 24 HR. DATE DRILLED ___2/8B/91
@ HYDROPUNCH SAMPLE LOGGED BY __KWW " o

179




GO=T75~1LL UTHOLOGY LOG PAGE 2_oF 2

R ) | PENETRATION
are e DESCRIPTION BLOWS PER FT. (N)
up ’
5 10 20 30 40 60 120
- 35 \ <
] \ Sond; micaceous; orange—brown; groding .
{o silt; very micoceous; dork brown BLOW COUNT 90 BERI1”
\\ Sitt; very micoceous, sandy, orange—
h brown; sharp contact ot 38" with 8~ .
weathered biolite gneiss; fine and
—40 —— coarse groined quartz with biotite;
- blauck and white
W dS s (AUGER REFUSAL AT 38')
PENETRATION IS THE NUMBER (N) LATTUOE 34 57 507 J.L. Rogers & Callcott
iﬁ;ﬁ“ﬁﬁ *R;fm;g ’"‘T;"‘ggf‘\{ ORMLED BY £ O &5 Engineers, Inc.
: DRILLER i, JACKSON
A 14 N LD, SAMPLER 1 FT. DRILLER'S CERT. _B07 Creasirille South Cerollaa
WELL NO._USF-10
K UNCONSOUDATED SAMPLE ¥ WATER TABLE, 1 HR. LOCATION _ U.S. FINISHING
§ UNDISTURBED SAMPLE ¥ WATER TABLE, 24 HR. DATE DRILLED _2/8/91
B CORED INTERVAL & HYDROPUNCH SAMPLE LOGGED 8Y KWW
180




:

ROGERS & (CALLCOTT

ENGINEERS, INC.

s L 11T

WELL LOG

P.0, BOX 5655, GREENWLLE, SOUTH CARGLINA 29608
718 LOWNOES HiLL, RD.,
TELEPHONE (803} 232-18%
FAX {B0O3) 233-v05K

SHEET 1_OF 1_

CREENVILLE, SOUTH CAROUNA
&

PROJECT uU.s, FINISHING WELL NO. OR BORING NO.  USF-11
CLIENT U.S. FINISHING DATE STARTED 1—-22-91
LOCATION CGREENVILLE SC. DATE FINISHED 1-22~91
LOGGED RY KWw ORILLER CONTRACTOR ED &S
LATITUDE 34" 59" 57~ DRILLER'S NAME M. JACKSON
LONGITUDE __82° 25 34" ORILLER'S CERT. # 807
sows WELL
O, CASING ki D, BOREHOLE 10°
MP. ELEY,
(RELY_88.54
_\ CHD, ELEV.
REL) 99.87
O
- 25 ® Ash, sinders: black: with gtovet
e 27 T
] & \J Cloy, sondy, siighity micoc;ou:; medium brown .. TOP OF BENTONITE
. 3
N I AN
N
s R 2 Clay, sondy, medium grey — TOF OF SAND PACK
- 2
- 2 \ Clay, xondy. medium grey grading to doy, sondy;
\\ erongebrown i TOP OF ScRETM
o~ 2 < - PRy
- 2 \\\ ff‘;;;'ﬁf.ﬁ, micacenus, ity doyey: medium -
“10 —d 2 - & screen
e 2 Cloy, sandy, medium gray vary wat »
4, \\\\ -
7 \ acroue T S 2703 o xend e srcinn, — e S
OF SAND p
-z _,3:_38 AND PACK
™ TOTAL DEPTH = 14°
., Yo R
~25 .m]

—

PENETRATION IS THE NUMBER (M} m QF 4 140 18,
HAMMER FALLING 30 4. REQUIRED R AT AN i




T TS e N e % SIS SEIAY ek o e mwe s T o e e bt e

SHEET _1_OF 1_

ROGERS & CALLCO'IVI‘ .0, BOX 8008, GRCENWVILLE, S0UTH CARGUNA 20006
718 LOWNDES HILL RD., CREENVILLE, SOUTH CAROLINA
ENGINEERS, INC. Fax (oo%) 135-bcsn >
WELL LOG
PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF-1?2
CLIENT U.S. FINISHING DATE STARTED 1=22—-91
LOCATION _GREENVILLE SC. DATE FINISHED 1—22-91
LOGGED BY KWW DRILLER CONTRACTOR _E D & S
LATITUDE 34° 52" 58" DRILLER'S NAME M. JACKSON
LONGITUDE _ 82" 25" 33" DRILLER'S CERT. # 807
aLows WELL
OEPTH PER F1, | SAMPLE
pacii 8P wmenva LITHOLOGY SCHEMATIC
0. CASING bl 0. BOREHOLE 10"
MP, ELEV,
{REL.} 102.65
T A
g?g;)mv.
0 99.40
N {
o 4 \\\ Tay, madium brown: with grovel r—
70 L \\ ( _ v
o 4 \ g‘o‘:‘r{‘p oratge grading (o clay, sendy; medium brown; ____go:f OF BENTONITE
i 4
\ E
S eed g k\\ Cloy, sondy; madium grey wat W;o;’ OF SAND PACK
e b4
- 2 \ Clay, sondy: madiaen grey grading to sond, cloyey; 1 ToP OF SCREEN
\\ Hoht prey with some grovel; wel . 7
e by -
Sitty, micocsous. soms doy ond fine to coorss groived -
-t 2 \ ¢ -
0 \\ zond; medium gesy;, wery wel - & SCREEN
s pra—. Fs =
_ - & Sams oy shove suoept shorp contact sond, silty, yeliow -
! \ 1o oronge with bluck sccessary minsrolS (SAPROUTE) - BOTTOM OF SCHREEN k
-t 15 \ Hmzs;sz OF SAND PACK
OIS S q—
7 TOTAL DEPTH w 32
.Y Qe
D5
-30
S T R B2 0t o e




ROGERS & (CALLCOTT
ENGINEERS, [NC.

WELL LOG

SHEET_1_OF_1_

£.0. ROX BA58, CREFNVILE, SOUTH CAROUNA 20808
Jis LOWNOES HILL RO, GHEENWLLE, SOUTH CAROLINA
TELEPHONE {803} 2321556

rAX {803) 233-puns

PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF~13
CLIENT U.S. FINISHING DATE STARTED 3-18-901
LOCATION _ GREENVILLE SC. DATE FINISHED 3—-19—91
LOGGED BY £B ORILLER CONTRACTOR A T & E
LATITUDE 34" 53 01" DRILLER'S NAME T. BURNETTE
LONGITUDE __82" 25" 317 DRILLER'S CERT. # 384
BLOWS WELL
R | R R LITHOLOGY SCHEMATIC
D. CASING i O. BOREHOLE 10"
MP. ELEV.
(REL) 160.81
m B
SLAB. ELEV,
__{ReL) 98.3%
0 '
s 1
B ]
P 7' JE———
—15 = ;’ganor BENTONITE
e lwrop OF SAND PACK
e 15.5"
1 TOP OF SCREEN
= - 1.5
1y J— -
4 Y S S S
n (AUGER REFUSAL AT Z8.8% -
—-25 - "
N L) BOTTOM OF SCREEN
. 27.8° :
~— BASE OF SAND PACK
] 28.5" .
- 30
PENETRATION 15 THE NUMSER (N) OF BLOWS OF A 140 i, TOTAL DEPTH = 2.5
tIAMMER FALLING 20 I, REQUHFBB DRIVE A 1.4 IN. LD,

R N .l
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ROGERS & (CALLCOTT
EINGINEERS, [NC.

WELL LOG

SHEET_1_OF 2

PO, BOX 3833, GREENVLLE, SOUTH CAROUINA 29408
718 LOWNDES HILL RD., CREENVILLE, SQUTH CARDUNA
TELEPHONE (BOJ) 2321556

FAX (803) 233-0058

PROJECT _U.S. FINISHING WELL NO. OR BORING NO. _ USF—14
CLENT _U.S. FINISHING DATE STARTED 3-19-91
LOCATION __GREENMVILLE_SC. DATE FINISHED 351991
LOGGED BY__ KWW DRILLER CONTRACTOR _A T & €
LATITUDE ___34° 67 56" DRILLER'S NAME T. BURNETTE
LONGITUDE __82° 25 32" ORILLER'S CERT. # 384

BLOWS W
on | SRR | LITHOLOGY SCHEETIC

-~10

-~25

25

Ho recavery, wet at &'

fragments (ALLUMUK)

{ALLUWILIMY

N

Clay, sondy, siity, medium brown with wegstotion

Sond maedium to coorse groined, xiily, siighily
micocecus with ¢ few pabdle sized quoriz frogrmients;

Tond fine to coorss groined with block blolltervery
weathered blotite gneise oppsoronce (SAPROLITE)

D. CASING 2°

MP, ELEV,

(REL) 96.57 r—
A 1=

0. BOREHOLE 10*

GHD, ELEY,

I“' (RELY 9471

—{

ek v SEE. SHEET 2

PENETRATION 18 THE NUME%

WASAIEE LA W IN BRI

BLOWS OF A 140 LB,
ORIVE & 14 LN,




SHEET 2_OF 2 _

ROGERS & CAIJLC OTT P.O, BOX 6855, CREENVIULE, SOUTH CAROCLINA 29608
718 LOWHOES HiLL RO, m(au:w_u:. AU CARDUNA
FINGINEERS, INC. Braaniiich Kot
WELL LOG
PROJECT U5, FINISHING WELL NO. OR BORING NO. USF—14
CUENT U.S, FINISHING DATE STARTED J3—19--01
LOCATION  GREENVILLE SC. DATE FINISHED J=-19—91
LOGGED BY KWW DRILLER CONTRACTOR A T & E
LATITUDE 34° 52 56”7 DRILLER'S NAME T. BURNETTE
LONGITUDE _82° 25 32" DRILLER'S CERT. # 384
BLOWS WELL
QEPTH PER FT. SARPLE
(FeEn o) INTERVAL LITHOLOGY SCHEMATiC
D. CASING 27 O. BOREHOLE _ 107
30— o SEE SHEET 1
=35
e B}
" .. TOP OF BENTONITE
4
N l.__,_ TOP OF SAND PACK
3
BT R —— Igp OF SCRIEN
e E 10° SCREEN
— » ] L8 he Quye ial 2% ¢ 3 ':; —— EO'TTOM OF scaga“
55 B 50/« ?;P%ko; fA L ;gagus;z) :isz o SAND 55
: TOTAL DERTH = 58
—~-860 ‘
PENETRATION IS THE wu } OF BLOWS OF A 140 LB,
HAMMER FALLING 30 m.* D 10 DRIVE A 1.4 N, LD.




SHEET_1_OF_1_

¥ ROGERS & CA_LLCOTT P.0. BOX 5555, CREENVLLE, SOUTH CAROUNA 29508
—t . ns Lcmgc{sséglsi.zr;i;:&!&mwkm SOUTH CARQUNA
o FENGINEERS, INC. FAX (809) 233-3058
13 % { f IN
WELL LOG
PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF—144A
CLIENT U.S. FINISHING DATE STARTED S 2691
LOCATION  GREENVILLE SC. DATE FINISHED 4—1—91
LOGGED BY _EB(R/C) & DT{GEQTRANS) DRILLER CONTRACTOR AT &FE
LATITUDE 34° 52" 5" DRILLER'S NAME T. BURNETTE
LONGITUDE 82" 25" 317 DRILLER'S CERT. # 384
ows WELL
CEPTH SAMPLE
0. CASING D. BOREHOLE
4P, ELEY,
(REL) 96.74
iz}
(ReLy s4.60
) — ._...g r__.. WENRE,
. DIA. OF MUD ROTARY BOREHOLE FROM 0' 10 58" = 127
20 . DIA, OF PVC CASING FROM © T0 59" = §° *‘"—\
—-40 _—
. DIA. OF AR ROTARY BOREHOLE FROM 58° YO 72 = 7 7/8)
—§Q) e DlA. OF PVC CASING FROM D' TO 72" = 47 ‘*\
- HQ CORE FROM 7Y TO 88' _........_.___\
- CORE DESCRIPTION: Durk grey gronite blallts yneles
- with ¥on sinining ot 78 ond ot
- 76,57 oronge ond gresn stuinsd
I froctury ot B4’
" TOTAL OEPTH w &6°
~100 ——
120
PENETRATION 1S THE NUMBER (N) OF BLOWS OF & 140 LB.
HAMMER FALLING 30 IN. REQUIRED YO DRIVE A 1.4 IN. 1D,
SAMPLER 1 FT, 86 e .. USF14A




ROGERS & CALLCOTT

Lododddo

SURAS IS

CUENT

SHEET 1 OF_1_

PO, BOX 8853, CREENVILLE, SOUTH CAROLINA 29806
718 LOWNOES HILL RD., GREENWLLE, SOUMH CAROUNA

- ENGINEERS, INC. Pt B0y 2 b 198
b{..]
WELL LOG
PROJECT _U.S. FINISHING WELL NO. OR BORING NO. _USF=15
U.S. FINISHING DATE STARTED 3=21-91
LOCATION __GREENVILLE SC. DATE FINISHED 3-21-91

LOGGED BY DT (GEOTRANS) DRILLER CONTRACTOR A T & E
LATITUDE 34" 53 03" DRILLER'S NAME R, POWELL
LONGITUDE _82" 25' 38" DRILLER'S CERT. # 927
sLowS WELL
DEPTH PER £T, | SANPLE
i R P TeRua LITHOLOGY SCHEMATIC
D, CASNG _ 2" D. BOREHOLE _10°
M, ELEV,
{REL) 311,44 [
1.}
OND, ELEV.
G i Aspholt .___..i }__.(Ra-)ﬁj_‘éj__
7 Na
= :m::; Cloy. slity to sondy, med-browa, very molst (3')
7 e TOP OF BENTOSITE
] 3.5
=3 !w TGP OF SAHD
. 5.5
: | | voP oF screen
- 5
-10 — -
- -1 10’ sCREEN
~15 - ,
] _:‘; agrmu Of SCREEM
o — 3
BOTTON OF SANG
- 18,5
.....20 J——
— TOTAL DEPTH = 185
~30
PENETRATION 15 THE MUMBER ({\‘} oF BLQWS OF A 140 LA,
HAUMER FAUING 30 IN.4UUED TO DRIVE A 1.4 IN. 10,




SHEET 1 OF 4

ROGERS & (CALLCOTT 1o sox sass, cneomues, soums canoun 29008

718 LOWNDES HILL KD, CHEENVILLE, SOUTH CAROUNA

ENGINEERS, [NC. TOETONE fo03) Ba-tsss

PROJECT _U.S. FINISHING

CLIENT

LOCATION _ GREENVILLE SC.

WELL LOG

WELL NO. OR BORING NO, USF-16

U.S. FINISHING DATE STARTED 3—25-91

DATE FINISHED 3—-25—91

LOGGED BY EB DRILLER CONTRACTOR A T & E
LATITUDE 34" 52' 56" DRILLER'S NAME R. POWELL
- > " s -
LONGITUDE __82" 25 37 DRILLER'S CERT. # 827
sLows WELL
DEPTH SAMPLE
(FEE) ?E(!Z}FT. HTERVAL LITHOLOGY SCHEMATIC
D. CASING __ 2" . BOREHOLE _ 10"
MP. ELEV,
(REL) 102,94 ™ |
{a]
GND. B1EV,
o (REL.Y 100.24
\\\ Cloy, red=brown mixed with black solid siag ond ¢ lght
et 8 gresn pymice—like siag groding to cloy, micocesus, ity
\\ blus~grey
— &
"
- 1 \ Cloy, redwbrown; stiff
e 2 \
w5 m— b No return
- 2
\ Clay; ywliowbrown with soprolits ond grovel groding
— 2 to cloy, micacwour, siily, red—brown with block growsl;
\ well {BACKFILL}
-— 2
! N Clay, micosous, sty red-brown with smoll to forge
e 2 bluck grovel groding ts clay, silt; motlied dork brows
\\ {BACKFIL)
w10 2 <
\ Cioy, micoceous, siity, red—=brown wilth block fokes
-1 3 ond veey coorse groin sond (BACKFILL) '
— 5 \\ e TOP OF BENTONITE
\ Cloy, Hght grey with roots grading to sond (very coores e
- 2 \ groin), aiity, fight gray
- 3 \ e TOP OF SAND PACK
\\‘ Sy, sondy (fine to coorse groin), micocseus supported 140
~15 2 \ by o motrlx of aflit, micoceaus; gray
- 2 \ .. YOR OF SCREEN
Q Some o3 cbove except with 1/4% 1o 1/2% ntariayure - 16.0
- 14 of sand (fine to coocsr groln} ond grove (>2mn) -
— 2 b, :
\\ Same ax obowe except with o 1" loyer mice Sokes ~ - 5 SCREEN
b \\\ (SAPROUTE) -
—20 ! N Some ax b t groding to alit, ! -
as boowe except grading 16 &Y, very micoosous; -
-t ¥ \ fominoted ond intecfoliotsd: gresnish-grey, grey, dork Ld o, BOTTOR OF SCREEN
\ gray with some sond (wey coores groin); orangswwhits 250"
-1 3
- — BASE OF SAND PACK
2y
25
-
) TOTAL DEPTH 23
- 30
PENETRATION iS5 THE NUMBER (N} OF BLOWS OF A4 140 (8.
HAMMER FALLING 30 M. RE“I}“O DRIVE A 1.4 N, LD,

SAMPLER 1 FT.




4

1l ROGERS & (CALLCOTT

SHEET 1 OF 2_

P.0. BOX S855, GREENVILLE, SOUTH CARDUNA 29606

718 LOWNOES HILL RD., GREENWLLE, SOUTH CAROUNA

ENGINEERS, INC. R G e

PROJECT __U.S. FINISHING

WELL LOG

WELL NO. OR BORING NO. USF—16A

CLIENT U.S. FINISHING DATE STARTED 3—=27-91
LOCATION _ GREENVHLLE SC. DATE FINISHED 3=27-91
LOGGED BY JEC DRILLER CONTRACTOR __ A T & E
LATITUDE 34" 52 56" DRILLER'S NAME R, POWELL
. b i N
LONGITUDE _82° 25" 38 DRILLER'S CERT. # 827
s | e | LITHOLOGY WeLL
| e - SCHEMATIC
D, CASING 2" D. BOREHOLE 107
MP, ELEV,
NOTE: UTHOLOCY FOR €' 10 22° ARL FROM USF—~18 (REL} 102.95 r—
8Y B (ROGERS AND CALLCOTT) e
GHD, ELEV.
0 {RELY 100.28
N Clay, red—brown mixed with block soiid siag ond o light t l
R 6 green pumice~like slog groding to cluy, micoceocus, sty
\ blus~grey
e H \§ Cloy: redwbrown; siiff
et 2
-5 2 No retuen
- 2
Y Clay, ywiiow—brown with saprolits and gravel grading
= 7 te cloy, migoceous, siity, red—brown with block gravel;
\ wets (BACKFILLY
ol 2
Clay, micasour, sty red-brown with smell to forge
—d z black grovel grading to oy, 3L moltisd dork brown
\ (BACKALL) ’
-10 —{ 5
3 \ Cioy, micacsous, siity, red—brown with block fokes
- and very coorse gooin zond (BACKALL)
4 5 D
2 Q Cloy, fight grey with roots groding to song {very coarse
" s\ grain), siity, light grey
- 3 N
O SHL sondy (fins to codres grain), milcaceous supportsd
~15 - 2 \ . by o motrix of slit, micocscus; grey
AN
\ Soms o3 above sxcept with 1/4° 1o 1/7° interiayers
1 4 \\ of zend (fins to coorse groin) ond grovel {>2mm}
\ Some ox chove except with o0 1* luyw mico fokes
-1 1 \\ {SKPROUTE)
-20 - 1
\ Same o baove sxoepl groding to alit, vary micocsols:
— H iominoted ond interfoliotsd: grsenish—gray, grey, dork
\\ prey with some sond {very coorze graind; oronge—whits
- 3
e N S8 weey micacsousn; st soft ond wet groding to
2 silt, micaceous, cloy, oronge~brown with bluck ond
—~2h — while ococeasory minerols; weti
3
. . TOP OF BENTONITE
o Ciay, sy, oronge—brown with white ond black 28,8
2 \\ A socassory minwain; domp: (SAPROLITE)
=30 e SEE SHEET 2

PENETRATION IS THE NUMBER {1 BLOWS OF A 140 LB,
HAMMER FALLING 30 1N REW DRIVE A 1.4 1N 10




SHEET 2. OF_2_

RO G’ERS & CALIJCOTT P.0. BOX 5855, GREENVILLE, SOUTH CAROLINA 29606

718 LOWNOES HILL KD., OREENWLLE, SOUTH CAHOUNA

FINGINEERS, [NC. T hoNE o) farese

PROJECT _U.S. FINISHING

WELL LOG
WELL NO. OR BORING NO.__ USF—16A

CLIENT U.S. FINISHING DATE STARTED 3—27-891
LOCATION  GREENVILLE SC. DATE FINISHED S3—27-91
LOGGED BY JEC DRILLER CONTRACTOR A T & E
LATITUDE 347 52' 56" DRILLER'S NAME R. POWELL
LONGITUDE _ 82" 25" 38" DRILLER'S CERT. # 927
aLows WELL
D, CASING 2" D, BOREHOLE _ 10"
w30 e SEE SHEET 1
. 2 ™ SEE SHEET 1 FOR UTHOLOGY OF SPUT SPOON
- i___ TOP OF SAND PACK
— 315
- | TOP_OF SCREEN
e ‘\“ Sond (fins to coores groin), micoceous, cloy; pole " 338
3 orange with white and bleck occemory mineraia; damp -
35 \\ {SAPROUTE} -
4 7 : -
- \N Sand (coorss groin), white with oronge tint groding to »n 10" SCREEN
clay, micacecus, sondy, oronge with block occessory -
Py, QN \\\ miserols groding to st micacecus, doay folloted with -
white ond bluck scoessory minerols; domp (SAPROUTE) -
- . T3 BOTTOM OF SGREEN
YA DN ii’&“;{é‘i"3221’:‘.0?;"f,!m"ﬁﬁu“i‘éi:s?é’f,?s(f"“”w T s
By e o BASE OF SAND PACK
. Some oy sbove except lorge guorty crywtoels {up to 3/4%) 45.0°
. sore (REFUSAL)
'" TOTAL DEPTH wi5.5°
L R—
w80
PENETRATION IS THE HUMBER (N} OF BLOWS OF A 140 LB,
HAMMER FALLING 30 lﬁ gﬂ!RﬁD TO DRIVE A 1.4 N, 1D,
CAUBTFR T FT. .




ROGERS & (CALLCOTT
EINGINEERS, INC.

SHECT_1_OF _2_

P.0. BOX 5655, CREENVILLE, SOUTH CAROUNA 20608
718 LOWNDES HILL RD,, GHEENVILLE, SOUTH CAROUNA
TELEPHONE (803) 232—1556

FAX (803) 233-3058

WELL LOG
PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF-17
CLIENT U5, FINISHING DATE STARTED 3—22-81
LOCATION  GREENVILLE SC. DATE FINISHED 3--22-91
L.LOGGED BY DT (GEQTRANS) DRILLER CONTRACTOR _A T & E
LATITUDE 34° 52" 58" DRILLER'S NAME T. BURNETTE
LONGITUDE _ 82 25" 35" DRILLER'S CERT. # S84
. BLows WELL
OEPTH PER FT, | SMTLE
D, CASING 27 D. BOREHOLE _ 10"
HP, ELEY.
(REL.} 10712 -—"'"E}E
GND, ELEY,
0 = Concrete ____.‘{ ?,_(R&)m@_
= Cloy, sondy to alty, molst from 2
O
o Cloy, Hight brown, with vermiculits
-~ Sand, fine groined and sity (127}
B I R
T —
-2 ]
-~ 30 td e SEY SHEET 2
PENETRATION 1S THE HUMBER (N} OF BLOWS OF A 140 18,
HAMMER FALLING 30 . REQUIRED TO DRIVE A 1.4 WL LD.
SAMPLER 1 FT.




SRR

IMEENN

i1

ROGERS & (CALLCOTT
ENGINEERS, INC.

WELL LOG

£,0, BOX 5855, CREENVLLE, SOUTH CARDUNA 29606
718 LOWNDES HILL RO., GREENWVILLE, SOUTH CAROUINA
TELEPHONE (B0} 2321556

FAX (803) 233-9058

PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF—-17
CUENT U.S. FINISHING DATE STARTED 3=22—-91
LOCATION GREENVILLE SC. DATE FINISHED 3—=22—91
LOGGED BY DT (GEOTRANS) DRILLER CONTRACTOR A T & E
LATITUDE 34" 52" 58" DRILLER'S NAME 1. BURNETTE
LONGITUDE _82' 25 38" DRILLER'S CERT. # 384
sLows WELL
?gg} "‘E&)"' RTERYAL LITHOLOGY SCHEMATIC
U, CASING _ 2” D. BOREHOLE _ 10"
o SEE SHEET 1
=30~ s ® Sond, 3ilty, gray. micoceous, domp (weathecsd gueirs) Mggps«w SENTONITE
. N i _
- 1 e TOP OF SAND
Iy
] | ___ToP oF SCREEN
< - 3
35 28 \\\ Weathered gueias -
o BEPYREE AN -
Y — -
0 . 3 \\\ Weathersd guelzs -
AN _
7 Tl eoTToM oF ScREEN
. U 34,0
—45 =t & ’*‘“z;s’?.'?jou OF SAND
T osose I
B TOTAL DEPTH = 44.5°
—~50 =
—~&0

PENETRATION 1S THE NUMBER {N) DF BLOWS OF A 140 LE.
HAMMER FAUING 30 !N1 WED TO BRIVE A& 14 1N, LD,

SAMPLER 1 T




ROGERS & (CALLCOTT

SHEET_{_OF_2_

P,0. DOX BOLS, ORCENWLLE, SOUTH CAROUNA 20600

718 LOWNDES HILL RD,, CRECNVILLE, SOUTR CAROLINA

TELEPHOHE {80)) 232-185%
IENGINEERS, [NC. Fa (BN T 1830

PROJECT __U.S. FINISHING

WELL LOG

WELL NO. OR BORING NO. USF~-18

CLIENT .S, FINISHING DATE STARTED 3—28-91
LOCATION _GREENVILLE sC. DATE FINISHED 3= 2891
LOGGED BY JEC DRILLER CONTRACTOR A T & E
LATITUDE 34" 52 56" DRILLER'S NAME R. POWELL
LONGITUDE _ 82" 25’ 85" DRILLER'S CERT. # 927
BLOWS WELL
oepTH PER FT, | SAMPLL
D, CASING 2" 0, BOREHOLE _ 10"
?g". {)LEY,
£l .
use r
g?:g;)ﬁfv.
0 ] 124.86
y — (-
s 7 * \\\\ Clay, micaceous; red
-]
. P \&\ Cloy, n:icac«aut; rad—brown with some white GCCeRsory
o minerols,
PN
- s x\” Cloy, micacecur, red-brown groding to cioy, micosous;
ol \\ acange-brown with whits boads {SAPROUTE}
10
=10 \ Cloy, micacsous ocange—~brown follated loywrs of oronge
$ and ton with black and white occassory minerols.
- \\\ {SAPROLITE}
1z
SO E —
HG EVIDENCE OF SLUDGE IN ANY SPUT SPOON SAMPLES,
7 NG SPLT SPOONS COULECTID AFTER 1.5
w0
] ) e TOP OF BENTONITE
-~ SLOW DRILLING BETWEEN 20° AND 30 2.5
. — e TOF OF SAHD
25 25 i
: JCP OF SCRETN
T 2
30 o ser swieer 2

PENETRATION 18 THE NUMBER (N) OF BLOWS OF A 140 LB,
Add \ 4N LD,
i..:ﬁefﬂ F'A(;uvzqs 30 N Rsoultgg DRIVE A 1.4 N, LD




SHEET_2 OF 2_
ROGERS & CAI.‘I_ACOTT £.0. DOX BBSE, ORCENVUE, SOUTH CAROLINA 20808

il

718 LOWNOES HILL RO., GREENWULE, SOUTH CAROUNA
N ENGINEERS, INC. Fan (003} 2usopose 1%
l~ LA i“ ’
WELL LOG
PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF-18
CLIENT U.S. FINISHING DATE STARTED 3—28—91
LOCATION GREENVILLE 5C. DATE FINISHED 3= 28~01
LOGGED BY JEC DRILLER CONTRACTOR A T & E
LATITUDE 34* 52' 55" DRILLER'S NAME R. POWELL
LONGITUDE _82" 25" 55" DRILLER'S CERT. # 927
BLOWS WELL
CEFTH PER £T, BAPLE
(reen RFT. JERvAL LITHOLOGY SCHEMATIC
U, camNG 2" D, BOREHOLE 307
1 HR.
O ] A — —— SEE SHEET 1
30.18° -
™ NG SPUT SPOORS COLLECTED PAST (1.8 E
B z
7 E BOTTOM OF SCREEN
- L. 3
~ BASE OF SAND PACK
. 38.5
TS TOTAL DEPTH 33.5
...‘]5 e
._20 [
....25 R—
- 30
PENETRATION 1S THE HUMBER (N} OF BLOWS OF A 140 LB,
gﬁ;&i{; F‘AL‘%.;!’NG 30 M, Ri(}l}iﬂﬁﬂ‘gﬂ)%’g A 1.4 N, LD,




SHEET_1 OF_2_
: RO GERS & CAI.LCOTI‘ f.0. poOX 6!}56. LRIENVILLE, SOUTH CARDLINA 20808
44 718 Log:gﬁ(s 8343«3:,24;2: ‘gasgmmz, SOUTH CARCLINA
\ : EN GINEERS ' IN C. FAX (BD3) 233-9058
o o i
i T
WELL LOG
PROJECT  U.S. FINISHING WELL NO. OR BORING NO. USF—~19
CUENT U.S. FINISHING DATE STARTED 3= 20-~91
LOCATION _GREENVILLE SC. DATE FINISHED 3=20-91
LOGGED BY £B DRILLER CONTRACTOR AT & E
LATITUDE 34° 52" 58" DRILLER'S NAME T. BURNETTE
LONGITUDE _ 82" 25" 30" DRILLER'S CERT. # 384
BEPTH BLOws e WELL
0. CASING 27 . D, BOREMOLE _ 10°
P, e)x.zv.
R 68
{REL.} 95.6 *':ga

GNO, ELEY,

0 e Y (REL) 9472
__.1 5.__. Fhis

725 NO SPUT SPOONS COULECTED BETWEEN 0'-14'

Y, R

Y
pY
R . q— & \\ Sond very coorse grolnad: whits with o forgs omouni
. \ of block Gcomssory minmrols; wet

N 1s JEo— 3 \ Soms» o8 obove sxcept grading to silt, claysy, very
\ micaceous, brows
B

5 4 \\‘\ St gloyey, mitocesus: folloted red-brown, brown
=2 and biock

- 30 __L_. SEE SHEET 2

PENETRATION 1S THE NUMBER BLOWS OF A 140 18,
HAMMER FALUNG 30 4. RE DRIVE & L4 . LD,




PROJECT _U.S. FINISHING
U.S. FINISHING
LOCATION _ GREENVILLE SC.

CLIENT

ROGERS & CALLCOTT
ENGINEERS, INC.

WELL LOG

SHEET 2_OF 2_

P.O, BOX 5855, GREENVILLE, SOUTH CARDLINA 29608
718 LOWNOES HIL RO., CREENVILLE, SOUTH CAROUNA
TELEPHONE (803} 232-1556

FAX (303) 233~8053

WELL NO. OR BORING NO. USF-1g9
DATE STARTED 32091
DATE FINISHED 3=20-91

LOGGED BY £EB DRILLER CONTRACTOR AT & E
LATITUDE 34° 52 58" DRILLER'S NAME T. BURNETTE
LONGITUDE __82° 25" 30" DRILLER'S CERT. # 384
BLOWS WELL
DEPTH PER FT. | SANPLE
FEED (g [NTERVAL LITH OLOGY SCHEMATI C
0. CASING 2° D, BOREHOLE 107
30— ( —— SEE SHEET 1
-4 = Neo split spoons ottempted unilt 5§
VY. — !___Igz; OF BENTON(TE
o TOP OF SAND PACK
w 46,9
: |} ___TOP OF SCREEN
. $9.0°
-50 -
7 o1 10 SCREEN
~55 -
7 7| BOTTOM OF SCREEN &
-4 50/1° & Ne recovery ot 59° with spiit spoon. o i, BASE OF SAND PACK
{ {SPOON AND AUGER REFUSAL) 58.0
~80
;iﬁi@ﬁi&&@g &?éaz?ﬁ%% DANVE A 14 1015 TOTAL DEPTH w$8.0°




SHEET_ 1 OF 1
» RO GERS & CALLC OTT £.0. BOX 6458, CREENVILLE, SOUTH CAROUNA 290808
| = TELEPHONE (803) 23201358 1 o oAGUsA
%“g ] ENGINEERS: INC- FAX {803} 233-0008
EM 1 I,E I
WELL LOG
PROJECT U.S. FINISHING WELL NO. OR BORING NO. USF-19A
CLIENT U.S, FINISHING DATE STARTED 3=27-9
LOCATION _ GREENVILLE SC. DATE FINISHED 4191
LOGGED BY £B(R/C) & DT(GEQTRANS) DRILLER CONTRACTOR AT &E
LATITUDE 34" 52" 57" DRILLER'S NAME T. BURNETTE
LONGITUDE 82" 25" 30" DRILLER'S CERT. # 384
sLows | WELL
DEPTH | pER FT, | SAMOLE
(Feen KT wTeRvaL LITHOLOGY SCHEMATIC
D. CASHC D. BOREHOLE
WP, ELEV.
(REL) 96,70
D 5]
R
94,
=0 — - I —
:':_ DiA, OF MUU ROTARY BOREHOLE FROM O° TO $85 = 12 ° |
—20 —d DiA. OF PVC CASING FROM 0° TO 65 = 8° _—\
— 40 ]
-&0 — DIA, OF AIR ROTARY BOREHOLE FROM 65° TO 755" o 7 7/8"
- DIA. OF PVC CASING FROM 0° TO 75.5" = 47 ‘—'\
- HO CORE FROM 78.5° 10 96.5" ._..,..M\\
—80 ——]
-~ CORE DESCRIPTION: Light grey gronite biotite gnelss,
e vary hard with weatheced zones ot
. 80,5, B5.5" ond 87.5
~100 ~—f
—120 —
PENETHATION 15 THE NUMSER (N} OF BLOWS OF A 140 LB,
i‘ﬁ‘,‘ﬁﬁfaﬁ*%ﬁ”c :so,mmm TO DRIVE 4 1.4 IN, L.




I

1]

-

PROJECT _U.S. FINISHING

ROGERS & (CALLCOTT

SHEET §_Of 2

P.0. BOX 5655, CREENVILLE, S0UTH CAROLINA 29606
718 LOWNDES HOLL RO, CHEENVILLE, S0UTH CARGUNA

ENGINEERS, [NC. ’ P ooy, Aooy) 232-1sse

WELL LOG

WELL NO. OR BORING NO. USF-20

CLIENT U.S. FINISHING DATE STARTED 32191
LOCATION _ GREENVILLE sC. DATE FINISHED 3~21—91
LOGGED BY KWw DRILLER CONTRACTOR A T & £
LATITUDE 34" 52" 55" . DRILLER'S NAME T. BURNETTE
LONGITUDE __82" 25" 29" DRILLER'S CERT. # 384
BLowS WELL
freen FER FT. eV, LITHOLOGY SCHEMATIC
D. CASING 27 D. BOREHOLE __ 10°
MP, ELEV,
{REL) 97.38 r—
TS
?40.)EI£V.
_— i ! REL)_84.49
0 i { }——‘
|
S
= NO SPUT SPOONS COLLECTED SETWEEN 014’
R ¥ JE—
- N . ,
UL ¥ q— s Sond, medium 1o coorss grolnsd, micocscus, some
\\ onnular quortz peebles; ton
it 11
— S;}ad fesw c?on: yahaoi Z!th shap tof:;:ﬂt S:t 20"
w20 8 \ :o:i‘tc?? y;tm'zg?ﬁ,ﬁxd:ond.r:n'.:élu;s«{m‘d c’cora:rpqralned,
biotite mito; slightiy pronge—ton with black scoeRsury
et 14 alnarpiy .
DG i
] |
- 30 LJ. . SCE SHEEY 2

PENETRATION 1S THE HUMBER (N) OF BLOWS OF A 140 LS.

HAMMER FALLING 38 N, TQ DRIVE A 1.4 N, 1.D.
SAMPLER 1 FT fw




n

Lad

ROGERS & (CALLCOTT

ENGINEERS, [NC.

PROJECT _U.S. FINISHING

WELL LOG

SHEET 2 _OF 2

£.0. BOX 5655, CREENVILLE, SOUTH CAROUNA 29608
718 LOWHOES HILL KO., CHEENVILLE, 30UTH CAKOUNA
YTOLEPHONE {803) 2321556

FAX {803} 233-80%58

WELL NO, OR BORING NO. USF=—20

CLIENT U.S. FINISHING DATE STARTED 3=21~91
LOCATION _ GREENVILLE SC. DATE FINISHED 3= 2191
LOGGED BY KWW DRILLER CONTRACTOR A T & E
LATITUDE 34° 52' 585" DRILLER'S NAME T. BURNETTE
LONGITUDE _82" 25' 29" DRILLER'S CERT. # 384
BLOwS , WELL
OEPTH PER T, | SAPLE :
D. CASING __ 2" D, BOREHOLE _ 10°
SEE SHEET 1
30 —— T 70P OF BENTONITE
- 30
N . TOP OF SAND PACK
32
] | YOR OF SCREEN
" — b4
T — -
- :_: 10" SCREEN
—40 - -
s s0/5" NN é&;}g}&:o;g;r;g&;amt Hnniss ‘:
— . No re t 44" with spitt spoon (] BOTIOM OF SCREEN &
S T L
- TOTAL DEPTH w 44°
55 -
-80

PENETRATION 15 THE NUMBER (N} OF BLOWS OF A 140 15,
HAMMER FALUNG 30 . m 0 ORIVE A 1.4 I8 LD,

RRIIH CB ¥




fdo b

ROGERS & (CALLCOTT

SHEET ] OF 2

PO, BOX BBSS, CREENWLE, SOUTH CAROUNA 20808
718 LOWNDES HitY. RD., CGHEENVILLE, SOUTH CAMOUNA

ENGINEERS, INC. Pt (80N 25eo) Laa1sse

i
i

LIS 0 B

PROJECT _U.S. FINISHING
U.S. FINISHING
LOCATION __GREENVILLE SC.

CLIENT

WELL LOG

LOGGED BY £B

WELL NO. OR BORING NO. USF-21
DATE STARTED

3-22-91

DATE FINISHED

3=22~-91

ORILLER CONTRACTOR _A T & F

LATITUDE 34° 572' 58 DRILLER'S NAME R. POWELL
LONGITUDE _82° 25" 27" DRILLER'S CERT. # 927
BLOWS WELL
b N =t LITHOLOGY SCHEMATIC
0. CASING 2° 0. BORENOLE 307
&P&?zv
L
R
B4.B9
L6 Q- —_.i }_~ AR

.

- NO SPLIT SPOONS COULECTED BETHEEN 0’19
S ' Jum—
B —

7] N
I Te JE— o oy, secdbrawn; orgcm);: muoteciol present

k No blow couni- sonk 2° due to walght of ths spoon.

ha [}

] <
S R— 16 \\\ ifi!; ;?éizcoous. clayny: folloted rad--brown, brows

4w
~30 ) e SEE SHEET 2

PENETRATION 1S THE MUMBER i#&o;" BLOWS OF & 140 LB,

HAMMER FAULING 36 IN, R

TO DRIVE A 1.4 IN. 1,0,
SAMPLER ¥ &Y ’




ROGERS & (CALLCOTT

SHECT_2 OF 2.

P.0. BOX 5655, GREENVILLE, SOUTH CARDLUINA 29608
718 LOWNDES HILL RO, CROONVULE, SOUTH CARQUINA

ENGINEERS, [NC. Fax (803) 23320058 "
WELL LOG
PROJECT U.S, FINISHING WELL NO. OR BORING NO., - USF—21
CLIENTY U.S, FINISHING DATE STARTED 3=22—-3
LOCATION GREENVILLE SC. DATE FINISHED 32291
LOGGED BY £EB DRILLER CONTRACTOR _ AT & F
LATITUDE 14" 52" 58" DRILLER'S NAME R. POWELL
LONGITUDE _ 82" 25" 27~ DRILLER'S CERT. # 927
BLows | _ WELL
D. CASING 2° O. BOREHMLE 107
~30 - e v SEE SHEET #
] - TOP OF BENTONITE
P q— E 34.4
) - ___TOP OF SAND PACK
e 36.4
- T} TOP OF SCREEN
] - 388
40 — -
] E 10' SCREEN
a5 — .
-1 | BOTTOM OF SCREEN
] 48.8
Ho tecovery ot 497 with split spoon.
- {SPOON AND AUGER REFUSAL) BASE OF SAND PACK
—-50 - T 40
] TOTAL DEPTH = 48.0°
~55
-~60

PENETRATION IS THE NUMBER (N) OF BLOWS OF A 140 1B,
HAMMER FALUNG 30 1N, RZGT TO DRIVE A 1.4 IN, 1D,

aua el ¢ T




ROGERS & (CALLCOTT
IENGINEERS, INC.

WELL LOG

SHEET_1_OF 2_

P.O. HOX BOSD, OHEENVILLE, SOUTH CAKOUNA 29408
718 LOWNDES HILL RD.,, GREENVILLE, SOUTH CAROUINA
TCLEPHONE (80X} 232~1856

FAX {803) 2338058

PROJECT _U.S. FINISHING WELL NO. OR BORING NO. USF-22
CLIENT U5, FINISHING DATE STARTED 3—-25-91
LOCATION _GREENVILLE SC. DATE FINISHED 3—25-81
LOGGED BY £8 ORILLER CONTRACTOR A T & F
LATITUDE 34" 52" 53" DRILLER'S NAME R, POWELL
LONGITUDE __82" 25' 35" DRILLER'S CERT. # 927
BLOWS WELL
?ggg "E(’L)‘T- WTERYAL LITHOLOGY SCHEMAWC
0. CASING 2° D, BOREHOLE 10
NP, ELEV.
(REL) 97.39
2138, __p,e
4.2
* ] 7 i
R
LT+ Qe
= \\\\ Cloy, micoceous: block groding fo wonad, very toorse
7 grained, micoceous groding finolty to grovel, quordz
~15 — . \\ ond (aidspor; wal (ALLUMUM)
| . TO_OF BENTONITE
D \ SHL cloywy, micocaoun; folloted oronge—brown with l
g, T Ja— '\\ black accessory mineraty {SAPROLITE} — ;gt‘o'of' SAND PACK
g 2
- .. TOP OF SCREEN
— 220"
w5 — - 107 SCREEN
- 30 U SEE $hgET 2

PENETRATION IS THE NUMBER (N
HAMMER FALLING 30 M. RFOUIRE)

PWS OF 4 140 L8,
B & T4 B Pn




i id

ROGERS & CALLCOTT

SHEET 2 OF 2

P.O. BOX 5655, CREENMVILLE, SOUTH CAROLIHA 29606

718 LOWNDES HILL RD., CREENVILLE, SOUTH CAROUAA

ENGINEERS, INC.

PROJECT _U.S. FINISHING
U.S. FINISHING
LOCATION _ GREENVILLE SC.

CLIENT

WELL LOG

WELL NO. OR BORING NO.
DATE STARTED

TELEPHONE (803) 232-1556
FAX (803} 233-0088

USF=22
92591

DATE FINISHED-

3~25-91

LOGGED BY EB DRILLER CONTRACTOR A T & E
LATITUDE o4 B2 53" DRILLER'S NAME R, POWELL
LONGITUDE _82° 25" 35" ORILLER'S CERT., # 927
8LOWS : WELL
?é’%’ PE&;‘ ITERYAL LITHOLOGY _ SCHEMATIC
0. CASING ___ 2 D. BOREHOLE 10"
—30  m— e SEE SHEET 1
™ BOTYON OF SCREEN &
~ . BASE OF SAND PACK
1 s0/4" ~ 2" recovery of gronite blolite graiss 320
o (SPODN AND AUGER REFUSAL) - TOTAL DEPTH 32
=35 — No recovery ot 49° with aolit spoon.
e {SPOON AND AUCER REFUSAL)
—40 -
~45 e
-50
s
-850

CENETRATION I THE NUMBEDNE) JF BLOWS OF A 140 La,




o
bl il i

ROGERS & (CALLCOTT
FNGINEERS, INC.

WELL LOG

SHCET 1 OF 3

P£.0. BOX 5655, CREENWILLE, SOUTH CARGLINA 26806
718 LOYDES f0LL KD, ORCCNWLLE, SOUTH CARROUINA
TELEPHONE (803) 232-1556

FAX {803) 233~-0038

PROJECT  U.S. FINISHING WELL NO, OR BORING NO. USF-23
CLIENT .S, FINISHING DATE STARTED 4 3—91
LOCATION _GREENVILLE SC. DATE FINISHED 4 3-~01
LOGGED BY EB DRILLER CONTRACTOR AT &E
LATITUDE 34" 53 00" DRILLER'S NAME 1. BURNETTE
LONGITUDE __82" 25’ 29" ORILLER'S CERT. # 384
' BLows WELL
DEPTH PER F1. | SAMPLE
0. CASING ral D. BOREHOLE _ 107
MP, ELEV,
(REL) g8.62
B g {1}
?4&)%55\1%9
R .
0 .___.{ }..‘ 3.8
... TOP OF BENTONITE
1.9
i._mp OF SAND
3.8
-5 ] .. TOPF OF SCREEN
- ¥
< -
~10 aﬁgw \\\ (S:nui;xgocomc grolned, grovel with some wood u s .
count [\ -
-13 Bi‘g\!l Sond medium grolned; ‘solt ond pepper” oppecrence; :mgigogro;ﬁgaﬁua(k
COUNT \\\ hord 18
56/4 (SPOON REFUSAL AT 157
=20
YOYAL DEPTH w 38
-25
-30
PENETRATION IS THE WUMBER {N} OF BLOWS OF & 140 (B,
HAMMER FALLING 30 IN. REQUIRED To DRIVE A 1.4 M. LD,
SAMPLER 1 FT, i




Hll ROGERS & CALLCOTT
H- ENGINEERS, INC.

bt
Lkt

PROJECT _U.S. FINISHING

WELL LOG

P.O. BOX B854 CREENVLLE, SOUTH CAROUINA 28806
TIB LOWMNDES HILL RD., CREENVILLE, SOUTH CAROUNA
TELEPHONE (80)) 232~123%%

FAX (803) 233~p0s8

WELL NO. OR BORING NO. USF—24

SHEET 1 OF_1

A

. CUENT U.S. FINISHING DATE STARTED 4~ b G
| LOCATION GREENMILLE SC. DATE FINISHED 44y
LOGGED BY KWW DRILLER CONTRACTOR AT & E
LATITUDE 34 53 p2” DRILLER'S NAME 1. BURNETTE
LONGITUDE 82° 725" 377 DRILLER'S CERT. # 384
o room | WELL
(FeEn) "E&;” INTERVAL LITH OLOGY SCHEM ATIC

D, cASING 2" D. BOREHOLE _ 10"

NP, ELEY,
{REL) 117,08
GO, BLEY,
0 — = (REL) 117.01

Clay, slity, micoceouss radebrown
NG
- HAMPLES
=5 s
e Clay, siity, vwy micoceouss medium brown
. Domp at 15
Wet qt 177
w1 — .
— TP COF BENTONITE

1

Ll ]
L

—. TOP OF SAND PACK

1y
% R | 1. TOP OF SCRELN
- 18
- HO :
o SAMPLES -
Sy Jp— TOTAL DEPTH m 25' I 1o screEn
25 7 BOTTOM OF SCREEN &
' BASE OF SAND PACK
- 28
30 TOTAL DEPTH « 28§

PENETRATION 1§ THE NUMBER {N) OF BLOWS OF A 140 L4,

HAMIMER FALLING 30 IN, TO DRIVE A 1.4 I, LD,
SAMPLER 1 FT.




SHEET 1 _OF 2

1l ROGERS & (CALLCOTT 1o sox sess. ctcemwie. so0m cxmoumn sonos
g VNN . 718 LOWNOES HILL gg,_.‘csf;gmwuz. SOUTH CAROUNA
. FINGINEERS, [NC. FAX (303) 2554068
Ed ]
Ll i i1y
WELL LOG
PROJECT _U.S. FINISHING WELL NO. OR BORING NO. PZ—1
CLIENT ___U.S. FINISHING DATE STARTED _4-4-91
LOCATION __ GREENVILLE SC. DATE FINISHED  4—8-91
LOGGED BY __EB DRILLER CONTRACTOR _AT&E
LATITUDE 34° 52" 57" DRILLER'S NAME T. BURNETTE
LONGITUDE __82° 25" 31" DRILLER'S CERT. # __ 384
aLOwWS WELL
?%H) pg&;‘n t)%;:\gfi. L’ THOLOGY SCHEMAT;C

D. CASING _ 27 p. BOREMOLE _ 107
MP, LLEV.

{REL.J _97.00 F—”’_H_B

GND., ELEV,

s 0 | ___{ }____(REL) 94,78

] " PYC CASING

SCH. 40
-15 8&!}\‘? \\\ SBt, micoceoun siivery groding to o sit, cloywy,

micecwoux with root maoteeiol
COUNT coce

NG N Sand fins 1o coorse gralned. micacecus, slity
=20 ~— aLow follsted black, tan, white ond greg-brown (SAPROLITE)
COUNT N\
L —
—~30 Ld .. SEE SHEEY 2

PENETRATION IS THE NUMBER (N} OF SLOWS OF A 140 LB,
HAMMER FALLING 3C IN, REQUIRED 10 DRIVE 4 1.4 I LD,

SAMPLER t FT, 206 ——




SHEET 2 OF 2

PROJECT _U.S. FINISHING

= RO GERS & CAI_LC OTT .0, BOX BESS, CROTNMULL, SOUTH CAROUNA 29606
fored 718 LOWHOES :;LL Ri).,, CREENVILLE, SOUTH CAROLINA
T ENGINEERS, [NC. Fax (805 235 poss 0
1
1 11
WELL LOG

WELL NO. OR BORING NO. pZ—1

CLIENT U.S, FINISHING

DATE STARTED 4—4-—01

LOCATION __ GREENVILLE SC.

DATE FINISHED 4-8—81

LOGGED BY _EB

DRILLER CONTRACTOR _AT&E

LATITUDE 34 572 57" DRILLER'S NAME T. BURNETTE
LONGITUDE _82°_25' 31 ORILLER'S CERT. # ___ 384
eLows WELL
Do caswg 27 D. BORENOLE _ 10°
Ty QEE— rog wivens SEE SHEET 1
N { gpp—
. TOP OF BENTONITE
™ ] 358
™ l___, TOP OF SAND PACK
- 37.8
- L] o TOP OF SCREEN
- 300
G - ‘
- L 10 SCREEM
45 —f -
7 - BOTTOM OF SCREEN &
- s0/2" ~C 2" Recavery of friohla gronils blotite gneiss e BASg OF SAND PACK
50 {SPOON AND AUGER REFUSAL) 430
= TOTAL DEPTH » 48.0°
Y —
—~80
PENETRATION 15 THE NMUMBER (N] OF BLOWS OF 4 140 L8,
HAMMER FALLING X QUIRED TO DRIVE A& 1.4 N, LD,
SAMPLER § F1. %'b$



N ;:»:f.":&»g &\‘:‘ ’V% ’v . A :(' . : 3w ATT- VPN STV "#M“* S e
7 g
: "3 LESHEET 1 oF 1
e t \"r‘. CoNel ﬁllfjk-"“

K4

s

o5y

ROGERS "& ('ALLCOTT
ENGINEERS, [NC.©

P.0. 80X acaa.am SOUTH CARDUNA 20808
718 LOWNOES HOL RD..GREENVILLE, SOUTH CAROLINA
TELEPHONE (303) zsz«sm :

FAX (aos) 233-p0s8 " mob O

WELL LOG

L
“PROJECT _U.S. FINISHING

CUENT U.S. FINISHING

LOCATION __GREENVILLE SC.

LOGGED BY __EB

WELL NO. OR BORING NO,. . PZ—2
DATE STARTED __ 4—8-91°

DATE FINISHED _ 4—8-91
DRILLER CONTRACTOR _AT&E

.
NG

- .

son \\\\

. - <. \
-20 — alow \\
COUNT [N\

+ N6 recovwry at 3¢

~30 50/2° <

LATITUDE __ 34° 52: 08" DRILLER'S NAME T BURNETTE
LONGITUDE _82° 25" 30 DRILLER'S CERT. # * 384 -
BLOWS | (e " WELL
U, CASING - 2" . BOREMGE 10"
NP, BEV.
{REL) ¢6.00
e
R
* — -
- T2 pve caswe
- /5."‘“
“"}O assssassiaed +
—— TOB OF Béi?ﬁ)&s'ﬂ:
14 .

Mo rscovery, trocss of sond

SEY, cloywy, micocecus with block weotheed “gomets®

w &

PUR—

\ -

10° SCREEN
PV, 010

BOTTOM OF SCREEN &
o BASE OF SAND PACK

FIEICTNE S O O 0 O O O

HAM&IER FAL.UNG 30 4. RE

PENETRATION 1S THE NUMBER

2868~

30

BLOWS OF A 140 LB,
O DRIVE A 1.4 N, LD,

TANEE FETITY . RAF




SHEET 1 _OF 2 _

ROGERS & CAIJIJCO’I‘T P.O. BOX 5655, GREENVILLE, SOUTH CAROLINA 29606

718 LOWNDES HILL RD., GREENVILLE, SOUTH CARDLINA

IENGINEERS, [NC. FAK (00%) D35opoen P

WELL LOG

PROJECT 1.8, FINISHING WELL NO. OR BORING NO. pP7-3
CLIENT U.S. FINISHING DATE STARTED 4-9-91
LOCATION  GREENVILLE SC. DATE FINISHED 4-9-81
LOGGED BY &tB DRILLER CONTRACTOR AT&E
LATITUDE 34° 52' 5" DRILLER'S NAME 1. BURNETTE
LONGITUDE _82° 25" 327 DRILLER'S CERT. # 384
BLOWS . WELL
OEPTH | peR FT. | SNUALE
{reen Al = LITHOLOGY SCHEMATIC
O, CASING _ 2° D. BOREHOLE 10"
?pé_ﬂ.zv.
R 60
} 100.60 s
SLAS ELEV.
0 .__.i }...(Rﬁmmz_
S~
™ 2° PVC CASING
] SCH, 40
Y R B?g%’ \\\ Ci‘iz.*:ftwg;rgig grey, cbundont root matwiol
_} courr k
] <
=15 — ngw \\ S8, doyey, vecy micocaous: rad to oronga—brown
_} COUNT {SAPROUTE)
7 <
20— o NN S i, e e g
i
- 30 o s SEE SHEET 2
PENETRATION IS THE NUMBER (N} OF BLOWS OF A 140 LB,
gﬁggﬂ f{\%;{:c 30 N, REQUIRED TQ DRIVE A 1.4 IN, L0,




ROGERS & CALLCOTT P.0. BOX 535, CREENVILLE. SOUTH CARGLINA 20608
ENGH\IEERS, INC. FAX (803) 2339058

SHEET 2 _OF 2

718 LOWHDES WILL RD., GREENVILLE, SOUTH CARGUNA
TELEPHONE (803) 232-1556

PROJECT __U.S. FINISHING
U.S. FINISHING
LOCATION __ GREENVILLE SC.
LOGGED BY _EB

CLUENT

WELL LOG
WELL NO. OR BORING NO. PZ-3

DATE STARTED 4—-9-91

DATE FINISHED 4—~G-91

DRILLER CONTRACTOR _AT&E

LATITUDE 34° 52" 58”7 DRILLER'S NAME 1. BURNETTE
LONGITUDE _82°' 25 32~ DRILLER'S CERT. # 384
BLOWS | o WELL
{Dgg% ?qu}ﬂi HNTERVAL LiTH OLOGY SCHEMAT!C
0. casiNG 27 . BOREHOLE 10"
30— e SEE. SHEET 1
o ... TOP OF BENTONITE
- 31.8°
] ___TOP OF SAND PACK
= 33.5°
.,35“ et ] e TOP OF SCREEN
C S D 01
PRy, S— »
i 10' SCREEN
—45 E_eon‘ou OF SCREEN &
- Ssusr XN No recovery BASE OF SAND PACK
45.8
=50 TOTAL DEPTH = 45.5'
-GS —
-60

PENETRATION IS THE NUMBER {M} OF BLOWS OF & 140 (8,
HAMMER FALLING 30 m, REQ*JIRE%T% 6!\’5 A L4 N LD

SAMPLER 1 FT.
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ROGERS & CALLCOTT
EPKRNEER&{NC.

P.O. Box 5653, Greenville, SC 29606
Phone(B033232-1556 ¢ FAX(803)233-9058

June 12, 1991

Mr. E.C. McCall

Leatherwood, Walker, Todd and Mann
P.O. Box 87

Greenville, 5.C. 29602

Subject: U.S. Finishing
Aeration Basin Sludge Removal

Dear Gene:

In response to your request and in response to discussion with
Rich Rabold, we have summarized our findin
regarding sludge removal from the aeration basin.

Yours very truly,

J. L. ROGERS AND CALLCOTT ENGINEERS, INC.

K:m;% adsn
Frank D. Callcott
FDC/dc

cc: Mr. Rich Rabold

Enclosure

212

3 L. Rogens, PE,
F. 0. Callcun, P.E,

SO W Avery, Jr,
Labaeaery Director

gs in the enclosed report




U.S. FINISHING/AMERICAN FAST PRINT

AERATION BASIN SLUDGE REMOVAL STUDY

STATUS REPORT

JUNE 10, 1991

The aeration basin at U.s. Finishing was investigated to
determine the feasibility of cleaning the basin to remove
accunulated sludge.

Analyses of sludge in the aeration basin provide the following
data.

AERATION BASIN SLUDGE

DATE 3/16/88 4/24/90 4724790 3/20/91

SAMPLE 53645 77135 49785 (RMT) 90314

LOCATION  LAGOON SLUDGE  SL-2 SL~2 DRIED SLUDGE
mg/kg mg/kg mg/kg mg/kg

As 7.3 <1.0 5.4 6.7

Sb <25 ———— ——— ———

Ba 218 123 210 34

cd 1.0 2.6 <0.8 <1.0

cr 3200 1750 1900 380 3j©

Co 8 ————— - ————

Cu 650 46 53 80

Fe L mm— 35,000 53,000 ——

Pb 70 <2.0 30 7.1

Hg 0.23 <0.2 <0.1 <0.2

Mg ———— 1050 1500 e

Mn o 342 590 ————

Ni 91 - —— e

Se ———— <1.0 <1.0 <5.0

Ag 1.0 <1.0 <2 <1.0

T1 <12 -— ——— -

Sn 90 - ——— - e

Zn 1000 82 160 143

Phenol 1.5 ———— e -

Page 1 of 4
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The preliminary concept of work was to remove the basin from
¢peration, allow suspended sclids to settle in the basin, punp
Supernatant to the existing sewer, dewater and/or stabilize

remaining sludge and dispose of dewatered sludge off-gite or on

from. operation requires that influent to the aeration basin be
discharged directly to the Western Carolina Regional Sewver
Authority (WCRSA) sewer system.

Several 24-hr. composite samples of influent to the aeration

basin were obtained and analyzed to determine if discharge directly
to WCRSA is acceptable.

AERATION BASIN INFLUENT

DATE 2/7/91 3/21/91  3/22/91  4718/91 5/2/91
SAMPLE 88643 = 90443 20482 21503 21933
pH, units 11.7 11.9 12.0 12.1 12.6
Temp. °C. 39 41 43 44 46
BOD, mg/1 840 540 638 705 870
TSS, mg/1 91 304 128 144 129
COD, mg/l 2920 2200 1910 2160 2490
cr, mg/l <.02 .06 .02 <.02 .03
cu, mg/l .04 .06 .05 .04 .06
Ni, mg/1 <.02 .03 .02 .06 .03
Zn, mg/l .lé .90 1.9 <.01 .14

These results indicate high pH, high temperatures and high BOD
in the aeration basin influent; however, temperature should
dissipate in the long-sewer lines prior to the treatment plant,
WCRSA has been accepting high pH in some instances and BOD in this
range may be acceptable for a limited time at additional surcharge.
No contact has been made with WCRSA.

Page 2 of 4
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Aeration basin volume was calculated by field survey of the
water surface and by using a typical bank slope and water depth.
Calculated volume is 9.37 million gallons,

Suspended and settled sludge was sampled on February 5, 1991
at approximately 30 locations in the basin. Samples were taken
with a long clear plastic sampler ("sludge judge") which provided
a2 cross section of the entire liquid and sludge depth at the sample
peint. During this sampling, settled sludge was noted at 1 inch
to 3 inches in the basin. These samples were composited as taken
into four S-~gallon containers. A mixed sample of each container
was analyzed for total suspended solids and total volatile
suspended solids, with the following results.

&

AERATION BASIN SOLIDS

SAMPLE ISS, ma/l TVSS, ma/l
88513 2420 300
88514 4460 700
88515 2280 860
88516 2080 620
Average 2810 620

Calculated total solids in the basin is 9.37{(8.34)2810 =
215,590 pounds, say 220,000 pounds. Most of these solids are kept
in suspension by the aerators. Less than this amount would be
removed if the basin were cleaned. '

Suspended sludge from the 5-gallon samples was dewatered by
filtration. Fifteen gallons of sample was filtered through a pilot
filter of approximately 6 inches of sand with effective size of
0.92 to 0.99 mm., Sclids retained on the filter were allowed to
air dry for 10 days. No stabilizer was blended with the siudge.
The sludge cake was 46% solids after 10 days. Analyses of the
sludge and a TCLP test resulted in the following data.

Page 3 of 4
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FILTERED AND DRIED SLUDGE

PARAMETER SLUDGE, mg/kg TCLP, mg/}
SAMPLE 90314 89500
Arsenic 6.7 <0.08
Barium 34 0.84
Cadmium <l.0 <0.01
Chromium 380 0.04
Copper 80 o
Lead ’ 7.1 <0.02
Mercury <0.2 <0.001
Selenium <5.0 <0.05
Silver <1.0 0.02
éinc 143 e

This indicates that the sludge should be non~hazardous and may
be acceptable to various landfills.

Two contractors were invited to visit the site and provide
conceptual proposals and budget costs for the work. These
proposals are attached. :

Page 4 of 4
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: azimuih

INCORPORATED

July 22, 1991

¥r. Richard Rabeld
Geotrans, Inc.

4380 Brownboro Road
Suite 239

Louisville, KY 40207

Dear Mr, Rabold:

We are pleased to provide you with the res
air monitoring as requested by you for
Property in Greenville, South Carclina.

If we can be of any service to ¥You in the
hesitate to call.

Sincerely,

gziégzizzafMassey&fy%;Z£}<uL%7N

Manager, Greenville Operations

JAM:alt
2249

Enclosures (3)

Jorporate: Atlanta:

9229 Univessity Boulevard ‘ 5500 Qakbrook Parkway, Suite 200
Charlesion, SC 29418 Norcross, GA 30093

(803) 553.9456 (404} 840223

(800} 537-0336 toli-free (404) 562-8537 fax

(803) 569-3287 fax
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ults of the ésbestos
the U.s. Finishing

future, please don't

Colurnbia:

H1 Exscutive Ceater Drive, Suite 200

Columbia, SC 29210
(803} 108-2343

(800} 882-3101 toll-free
{803} 731-3489 fux
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U.8. Finishing Property
Geotrans, Incorporated

Report of Findings

introduction

Samples were collected to measure airborne asbestos fibers on the
U.8. Finishing Property identified on the attached site drawing.
These sanmples were collected on June 16, 1991 and analyzed using
Transmission Electron Microscopy (TEM) as per the Asbestos Hazard
Emergency Response Act (AHERA), 40 CFR Part 763.

Initial inspection of the site indicated that at least three
major areas were contaminated with tile suspected of containing
asbestos. This debris was classified as Category I, non-friable
asbestos tile, as per the National Emission Standard for
Hazardous Air Pollutants (NESHAP), and is a regulated material.

One TEM sample was collected in each contaminated area., TEM vas

the analysis method used as it is capable of guantifying asbestos
fibers.

Sample Locations

Sanple No, Location

01 Hill area with tiles

Q2 Road area with tiles

03 Railroad track area with tiles
Results

No asbestos was detected in the air in any of the areas. Actual
sample results are attached. This material should not release
significant asbestos fibers unless the material is handled or
moved. Air and water erosion may result in minor fiber release
over time.
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U.B. Finishing Property
Geotransg, Incorporatad
Report of Findingg

Fage 2 '

Sample Collection Methodology

Samples were collected for TEM analysis on 0.45 microneter pore
size mixedqd cellulose filters, Air was drawn through the filter
media using battery-~operated air sampling pumps calibrated to
collect a known volume ©f air. The pumps are calibrated using a
Precision rotometer traceable to g primary standardg. The samples
are sealed immediately after shipping and transported to the
laboratory for analysis.

ground. Aggressive walking and thrashing about was performed
during the sampling in the areas to simulate human activity,
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az E m Uih C(msuha;:ts in ]vaimm?zcnml &
w y COccupational Health

INCORPORATED

Poge 1
Received: G6218B791%

REPORY GEOIRANS, incorporated

Azximuth, Inc. REPORY Vork Order # FI-06-138
06720791 16:51:44

PREPARED Azimuth, Inc.

TO 4350 8rownboro Rosd

Suite 23¢

BY 9229 University B{vd. /1 . KE?%Z
s
Charleston, SC 29418 ] bﬂi{l, ,//L

touisvilie, Kentucky 406207 APPROVED BY

ATTEN Richard Rabold

ATTEN tLaboratory Services

PHONE CORTALY £vig

CLIENT GEOTRANS INC SAHMPLES _3

COMPAHY GEOYRANS, incorporated

FACILITY

Director of lLaboratories

HORKX 1D TENM Samples

Harriotte A, Hurley. ClH

TAKER

TRANS ?ederai Express

TYPE TER

P.Q. #

IHVOICE ynder separate cover

SAMPLE IDEMTIFICATION

TEST CODES and NANES used on this workordeor

101 - TEM S  TEM Asbestos Analysis

02 02

03 03
Corporate: Aflanta: Columbia:
9229 University Boulevard 5300 Oakbrook Parkway, Suite 200 1 Executive Center Drive, Suite 200
Charleston, SC 29418 Norcross, GA 30003 Colymbia, $C 29210
{803) 553-9456 (404) 8407223 (803) 798-2343 D
{800} $37-0336 woll-free (404) 662-8532 fax (BO(O) 882-3101 toll-free 0y
{803) 569-3282 fax (803) 731-3489 fax . %{:7
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!‘ g ﬁ, EE Consultants in Environmental &
‘ W uz l n B U Cceupational Healih

INCORPORATED

Date: June 20, 1991
Client: GEOTRANS INC.

Subject: TEM Analysis Report # 91-06-138
Azimuth Project # 91-8016

The attached TEM asbestos analysis data includes a detailed
report of the asbestos fiber content for each sample analyzed,.
The results for all samples analyzed are summarized on  a
separate form. At  least one Elemental Analysis Spectrum
representative of each fiber type encountered in the analysis is
included with this report. Film negatives of any Electron
Diffraction patterns are recorded and kept on file in the
laboratory.

The samples were prepared and analyzed using procedures in
compliance with the Asbestos Hazard Emergency Response Act
(AHERA) as per the Environmental Protection Agency Federal
Register, 40 CFR part 763, Final Rule Notice. The sample fiber
analysis wvas performeq Wwith an Hitachi H-7000
Scanning/Transmission Electron Microscope equipped with a KEVEY
Energy Dispersive X-ray Microanalyzer.

Azimuth, Inc. is accredited for Airborne Asbestos Fiber
Analysis by the National Institute of Standards and Technology
under the National Voluntary Laboratory Accreditation Program
(NVLAP Lab cCode 1050} . . This report relates only to the items
tested and must not be used to claim product endorsement by NVLAP
O any agency of the U.g, Governnment.

Should vyou have any questions regarding this report, please
contact me at (803} 792-2704.

Sincerely, .
‘%YQ&LUD/A- Dehedto (LALL

Bradley A" Schulte, Ph.D.
Director ‘
Electron Microscopy Services

BAS/1hh

9229 University Blvd.
Charleston, SC 29418
(803} 553-9456
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TEM ASBESTOS ANAIYSIS REPOoR

TIM Report: #91~06-138 .

-‘Tw W
Client:  GREOTRANS INC. Date received: 06~18~91
Project: Date analyzed: 06-18-91
Client Sample #: o3 Filter type: HCE
EM lab sample #: 01 Filter deposit area: 385 mm2
Sample type: Adr Preparer: . D ‘bw_,
Sample volume: 1140 Liters Analyst: M&@m)ﬁ %W/
Average grid openiryy area: 0.0104 mm?
# of grid openings analyzed: 7
Area of filter analyzed: 0.0728 m?
Detection Sensitivity: < 0.0046 s/cc
Total Nonasbestos Structures Detected: o
Total Asbestos Structures Detected: o
Chrysotile: ¢ Amosite: 0 Actinolite: o0
Anthophyllite; o Crocidolite: o Tremolite: ¢
# of Structures Structures per cc
Break-down of Ashestos Structures
< 5um 2z Bum < 5um 2 Sim
Total Chrysotile fibers 0 0 0.000 0.000
burdles 0 ¢ 0. 000 C.000
clusters 0 0 0.000 0.000
matrices O 0 0.000 G.000
Total Amphibole fibers 0 0 . 000 0.000
burdles 0 Q G.000 0.000
clusters C 0 0.000 0.000
matrices 0 0 0.000 0.0600
General Comments: Only fibers > 0.5mm in lergth were counted in accordance with
current EPA protocol.




TIH ASBHESTOS ANALYSIS REDCRT

TEM Report #91-~06-138

Ciignt: GROTRANS INC. Date received: . 06-18-91
Prgject: Date analyzed: 06~18-91
Client Sample #: 03 Filter type: MCE
EM iab sample #: 03a Filter deposit area: 385 mm<
Sample type: Alr PrepanarscgiAwL «5 <ﬁ:x444\4,
le vo. H i 3] st y
Samp olume 1140 Liters Analyst (l/QEZLZY??sﬁg é%@[ﬁﬂdix
Average grid opening area: 0.0104 mm?
# of grid openings analyzed: 7

Area of filter analyzed: 0.0728 mm?

Detection Sensitivity: < 0.0046 s/0CC

Total Nonasbestos Structures Detected: 0O

‘ Total Asbestos Structures Detected 0
hrysotile: 0 Amosite: 0 Actinolite: ©
Anthophylliite: 0 Crocidolite: © Tremolite: 0
# of Structures Structures per cc
Break-down of Ashestos Structures
< Sum 2> Sum < Spm 2 Sum
Total Chrysotile fibers 0 0 0.000 0.000
burdles 0 o 0.000 0.000
clusters 0 0 0.000 0.000
matrices 0 0

0.000 G.000

Total Amphibole fibers 0 0 0.000 0.000
burdles 0 0 0.000 0,000
clusters 0 O 0.000 0.000
matrices 0 O 0.000 0. 000

General Comments: Only fibers o 0.5um in length were counted in accordance with
caxrent EPA protocol.,
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Client
Sample #

01
02
03

Date: 06-20-91

TEM ASBESTOS ANAIYSIS TABRCRATORY
SOMMARY REPORT # 91-06-138
AZTMOTH PROJECT # 91-8016

GEOTRANS INC.

O1A
02A

Filter
Liters Concentration
TEM Lab # Filtered (asbestos s/mm?)
1140 < 13.7
1140 < 13.7
11490 < 13.7

03a
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Corcentration
{asbestos s/cc)

< 0.0046
< 0.0046
< 0.0046
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Rapid Bioassessment Protocal III
(RBP III) of Langston Creek and
the Reedy River, Greenville County,
South Carolina

Prepared for Geotrans, Inc.

by

M.KX. Herring

Normandeau Associates, Inc.
P.0. Box 1393
Aiken, SC 29802

June 1991
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1.0 INTRODUCTION

Normandeau Associates, Inc. (NAI) was contracted by Geotrans through J. L.
Rogers and Callcott Engineers, Inc. to evaluate the macroinvertebrate community
from threé sites on the Reedy River and three sites on lLangston Creek in
Greenville, South Carolina. Procedures developed by the US EPA (EPA 1989) were
used to perform this study. Known as the Rapid Biocassessment Protocol III (RBI
ITI), these procedures are designed to provide a quick, cost-effective biological
assessment of rivers and streams. The method evaluates physical factors
influencing the structure of the macroinvertebrate community and ranks the
pollution tolerance of important members of the community. The overall biotic
"bealth" of a reach of river is determined on a weight of evidence basis; all

factors are summarized to calculate a final rank that determines the degree to

which a site is impacted if impact has occurred.

i-1
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2.0 SI1TE DESCRIPTION

Three sites physically similar in habitat on the Reedy River and three

- physically similar sites on Langston Creek were pre-selected by J.L. Rogers and
Callcott Engineers, Inc. personnel (Figure 2-1). Both study areas on the Reedy
River and on Langston Creek in the study area can be characterized as generally
shallow (0.5-1.5 m), slow moving, sandy bottom streams. Few riffle areas were

noted in the vicinity of the areas studied on either stream,

The upstream control site on the Reedy River was located at the gauging
station near the Highway 253 bridge. This site was accessed by walking
approximately 850 m upstream along the railroad tracks from the Highway 253
bridge and taking a path marked by Rogers and €allcott personmel with blue
flagging tape to the river. The midstream Reedy River site was located at the
pumphouse approximately 200 m upstream from the Highway 233 bridge. The
downstream site was located in the vicinity of the Highway 253 bridge (Figure 2-
1). The upstream Langston Creek site was located at the 0ld Buncombe Road
bridge. The midstream site was located immediately below the dam on US Finishing
Company property, behind the facility. The downstream Langston Creek site was

located at the Brooks Avenue bridge.

The water level at all sites on the Reedy River was above normal pool. The
water level at all Langston Creek sites, except Langston Midstream, was above
normal. Flood stage conditions were present in both waterbodies the week prior

to sampling.
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Figure 2-1. Map of area sround U.S. Finishing Co. indicating macroinvertebrate
bicassessment sampling sites. May 2, 1991.
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3.0 METHODS AND MATERIALS

3.1 FIELD PROCEDURES

Each site was defined by a transect that ran perpendicular to the flow of
gach watefbody. Comparable areas (e.g., 50-60 m upstream from the transect) at
all three sites on each waterbody were sampled on May 2, 1991, for 30 man-minutes
with a dipnet sampler. The frame of the sampler was placed securely against the
substrate with the opening facing upstream. The substrate directly in front of
the sampler’s opening was disturbed so rhat macroinvertebrates dislodged from the
substrate would drift into the collecting net. Other submerged structures such
as boulders, logs and tree trunks, undercut banks, and root masses were also
sampled. The samples were rinsed into labeled 1-liter plastic jars, preserved
in buffered formalin, and returned to the laboratory for processing and

identification.

In addition to the dipnet sample, a coarse particulate organic matter
(CPOM) sample was collected at each site. The CPOM sample represents a food
source for shredders, an important macroinvertebrate functional feeding group.
This sample provides data on the relative abundance of this functional group.
The CPOM sample consisted of collecting several handfuls of organic material
(leaves, needles, twigs, leaf packs, debris accumulations, etec.) and washing over
a sieve (US Standard No. 30). These samples were rinsed intc labeled 1-liter
plastic jars, preserved with buffered formalin, and returned to the laboratory
for processing and separation. The CPOM samples were processed and analyzed
separately from the dipnet samples. A habitat assessment was also performed to
evaluate habitat quality on the basis of key parameters (e.g., sediment type,
stream velocity, etc.) of the waterbody and surrounding land. Water quality

parameters were alse recorded at each station.
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3.2 LABORATORY PROCEDURES

All samples were rinsed over a US Standard No. 30 (0.6mm mesh) sieve.
Organisms were sorted from the debris with the aid of a dissecting microscope and
placed in vials containing 70% ethanol. Macroinvertebrates collected from the
dipnet samples were identified toc the lowest practical taxon, enumerated, and
assigned to the appropriate functional feeding group according to classifications

by Merritt and Cummins (1984: Table 3-1).

Macroinvertebrates from the CPOM samples were counted to obtain a ratio of
shredders, a functional feeding group, to the total number of organisms in the

sample.

3.3 DATA ANALYSIS

Eight different metrics (described for the RBP III in US EPA 444/4-89-001)
were used to evaluate the macroinvertebrate data. The RBP II1I is based on
comparing study sites to a reference site, therefore each metric is given a score
based on percent comparability to the reference station metric score. Scores
from individual metrics for each station are totalled and a biclogical "Condition
Category" is assigned based on the % comparability to the upstream reference
station score in each waterbody (Figure 3-1). Each metric is described as

follows:

3.3.1 Metric 1: Species Richness

Species richness is the total number of unique macroinvertebrate taxa
collected at each site. This index reflects the health of the community through
a measurement of the variety of taxa. Species richness generally increases with

increasing water quality and habitat diversity and/or suitability.

3-2
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Table 3-1. Macroinvertebrate functional groups and their modes of feeding
{(Merritt and Cummins 1984).

Functional Group

Feeding Mode

Scrapers

Collector-gatherers

Collector-filterers

Shredders

Piercer-herbivores

Piercer-carnivores

Engulfer-predators

Shear o¢ff attached aufwuchs film
(periphyton, fungi, bacteria, pro-
toza, ete,) from underwater sub-
strates,

"Vacuum™ sedimented organic deposits
from the substrates.

Filter suspended particulate organic
matter from the water column.

Skeletonize whole leaves and leaf
fragments or mine or bore into wood.

Pierce plant tissues or cells and
suck fluids.

Attack animal prey and pierce tissues
and cells and suck fluids.

Capture and ingest animals,

3-3
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Site-Specific Study

Sampling & Anajysis

Figure 3-1. Flowchart of bicassessment approach  advocated  for
Biocassessment Protocol III. :
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Biclogical Condition Scoring Criteris
Metric 6 4 2z ]
L. Taxa Richness™ >80% 86-80% W0-60% <%
2. Hilsenhoff Biotic Index {modified)® >85% TO-85% 30-70% <30%
3. Ratio of Sarapers/Filt. Collectors™9 >50% 35-50% 20-35% <20%
4. Ratio of EPT and Chironomid Abundances® >75% 50-75% 25-50% <25%
3. % Contribution of Dominant Taxan(® 20% 20-30% 30-40% >40%
6. EPT Index™ >90% 80-90% T0-80% <70%
7. Comnunity Loss Index(® <0.5 0.5-1.% 1.5-4.0 >4.0
8. Rado of Shredders/Towld >50% 35-50% 20-35% <20%
(3} Score i3 & ratio of study site 1o referesce site x 100,
(8} Score & & ratio of reference site to swdy site x 100,
(¢} Determination of Functiona! Feeding Group is independent of taxonomic grouping.
{d) Scoring criteria svalvate actual peroent contribution, not percent comparability 10 the reference station.
{e} Range of values obuined. A comparison to the eference staton is incorporated in these indices.
BIOASSESSNENT
*% Cowmp.
to Ref, Biological Condition
Scorel® Category Attributes
»>83% Nonimpaired Comparable to the best simatioa to be
expected within an ecoregion, Balanced
trophic structure. Optimum community
structare {composition and dominance)
for stream size and habitas qualiry.
54-79% Slightly impaired Community structure less than
expected. Composition {species rich-
ness) fower than expected due 1o loss
of some inolerzat forms. Percent con-
) tribution of tolerant forms increases.
21-50% Moderately impaired Fewer gpecies due 1w loss of most
intolerant forms. Reduction in EPT
index.
<17% Seversly impaired. Frw species presene. I digh densities
of erganisms, then dominated by one
or two txa
(2) Percentage values obtained that arc intermediate 1o the above ranges
wmrnquk:mbjecévcjudgmmasm&wcormpmt Use
of&cbbhxmmtwphnim&mw&nmy&mwywﬂd
in the decition process, .
Recommendsations
Rapid




3.3.2 Metric 2: Biotic Index

This index evaluates the macroinvertebrate compunity based on the finding that
certain taxa of aquatic organisms are more tolerant to pollutign than others.
This index was developed as a means of detecting organic pollution, use of rhis
index in selecting non-organic pollution effects has not been thoroughly
evaluated. Tolerance values range from O to 5, increasing as water quality
decreases. The index used here was originally developed by Hilsenhoff (1987),
and later modified by the North Carolina Division of Environmental Management,
for use in streams of North and South Carolina to summarize overall pollution
tolerance of the benthic macroinvertebrate community with a single value. The
formula for calculating the Biotic Index {BI) is:

BI-  Ex,t,

=22
131
where

xy=number of individuals within each species or genus.
ty=tolerance value of a species or genus

0 =total number of organisms in the sample

Bl Water Quality State of the stream
<1.75 Excellent Clean undisturbed
1.75 - 2.25 Good Some enrichment or disturbance
2.25 - 3.0 Fair Moderate enrichment or disturbance
3.00 - 3.75 Poor Significant enrichment or disturbance
»>3.75 Very Poor Gross enrichment oy disturbance

N

3.3.3 Metric 3: Ratio of Scrapers and Collector-Filterers Functional Feeding
Groups

This index is important because predominance of a particular functional

feeding type may indicate an unbalanced community responding to an overabundance

3-5
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of a particular food source (EPA 1989). See Table 3-1 for a summary of

functional feeding group descriptions.

3.3.4 Metric 4: Ratio of EPT and Chironomidae Abundances

The ratio of the abundance of members of the insect orders EPT {Ephemerop-
tera, Plecoptera, Trichoptera) to members of the insect family Chironomidae
serves as a measure of community balance. As indicated in the BI {Appendix
Table 1), the Chironomidae are generally more tolerant of pollution than the
insect orders grouped together as EPT. Certain species of some genera, such as
Cricotopus, are highly pollution tolerant (Lenat 1983, Mount et al. 1984).
Chironomids tend to become increasingly dominant in terms of percent composition
aleng a gradient of increasing enrichment or heavy metals concgntratian
(Ferrington 1987). A dominance of the more tolerant Chironomidae reduces the

value of this index indicating pollution.

3.3.5 Metric 5: Percent Contribution of Dominant Taxon

When conditions of environmental stress are present, a benthic community
is usually dominated by relatively few species. This index determines the
percentage of the total number of organisms in the sample comprised by the most

dominant taxon of that sample.

3.3.6 HMetric 6: EPT Index

The EPT Index is derived by counting the total number of distinct macroin-
vertebrate taxa representing the orders Ephemeroptera, Plecoptera, and
Trichoptera collected at each site. Due to the poliution tolerant
characteristics of these genera, the numeric value of this index generally

increases with increasing water qualirty.

3-6
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3.3.7 Metric 7: Communityvy Loss Index

This index measures the loss of benthic species between a control site and
the downstream site of comparison. The value of this index increases as the
degree of dissimilarity in the community composition of the reference and

downstream site increases. Index values range from O to infinity.

3.3.8 Metric 8: Ratio of Shredders/Total Number of Orpganisms

This index is derived from the CPOM sample. The shredders functional
feeding group feed upon coarse particulate organic matter {CPOM). Abundance of
this functional group in relation to all other functional feeding groups allows
evaluation of potential impairment, Shredders are sensitive to riparian zone
(vegetation along the bank) impacts and are good indicators of toxic effects when
the toxicants involved are readily absorbed to the CPOM and either affect the
microbial communities colonizing the CPOM or the shredders directly (Cummins

19873.

240



4.0 RESULTS AND DISCUSSION

A total of 59 unique macroinvertebrate taxa were collected from the Reedy
- River and 67 unique macroinvertebrate taxa were collected from Langston Creek,
A list of taxa collected at each site is presented in Table 4-1. Water quality

and habitat characterization data are presented in Table 4-2.

The values assigned to each of the eight RBP III metrics at each study

location are presented in Table 4-3.

4.1 REEDY RIVER

‘The highest number of unique taxa (43) were found at the upstream control
site, as compared to 30 unique macroinvertebrate taxa at both the midstream and
downistream sites, The Biotie Index was lowest {0.59) at the upstream control
site. The midstream site exhibited the highest BI value (1.30). The downstreanm
site BI value was slightly lower (1.22) than the midstream site. These BI values
are indicative of excellent water quality at all three sites on the Reedy River.
However, the absence of assigned tolerance values, due to the inability to
identify particularly abundant organisms to species or genus level {eg.,
Oligochseta, Baevidae, Pelecypoda, Sphaeriidae), makes this index very
misleading. If these numerically predominant organisms had been assigned
tolerance wvalues, the BI would increase significantly indicating possible

disturbance.
The ratio of EPT organisms to Chironomids increased downstream from the

upstream reference site, as did the ratio of shredders to total organisms (Table

4-4). A large number (208) of pollution tolerant Oligochaeta were collected at
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Table &-1. Macroinvertebrates collected from the Reedy River and Langston Creek. May 2, 1991,

Taxon

furctional group number of organisms found

Reedy River
Upstream

Reedy River
Midstream

Reedy river
Downstream

tangston Lr,
Upstream

Langston Cr,
Mistream

Langston €r,
Downstream

Class Turbellaria

Phylum Hematoda

Class Riruwdinea

Class Oligochaets
Family Enchytraeidae
Family Naididae
Chaetogaster langi
Dero digitata

Hais communis
Pristing sp.

Pristina plumaseta
Slavina apoendiculsta
Yeidovskyella comata
Family Tubificidase
Limnedritus hoffmeisteri

Peloscolex sp,

Order Gastropods
Family Ancylidae
Physetia heterostropha
Mepetus dilatatus
Grder Pelecypods
Family Sphaeriidae
Qrder Kydracarina
Order isopoda

Asellus

Procambarus

QOeder Collembols
Order Ephemeroptera
Family Baetidae
Beatis sp.

Eaenis sp.

Family Ephemereliidae
Ephemerella sp.

Eurylophells sp.
Eurylophella temooralis
family Heptageniidae
Stenonema sp.

Family Qligoneuridae

Isonychis sp.
Subarder Anisoptera

Family #eshnidae
Boveria grafisna
Family Macromiidae
Eamily Gomphidae
Gomphus sp.
Suborder Zvgoptera
Caloptecyx sp.
Calopteryx maculats
Family Coenagrionidae
Argia sp.

Order Plecopters
Allonareys sp.
Amphinemeura sp,
Family Perlidae
Periesta sp.
Perlesta placids
isoperls sp.

Order Hemiptera
Family GSerridae

Order Coleoptera
family Curculionidase

family Bytiscidae
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Table 4-1. (continued),

Macroinvertebrates collected from the Reedy River and Langston Creek.

May 2, 1991,

Taxon

Functional group number of organisms found

Reedy River
Upstream

Reedy River
Midstream

Reedy river

Downs tream

Langston Cr.
Upstream

Lengston Cr.,
Histream

tangston Cr,
Downstreanm

Family Eimidae
Ancyronyx variegatus

Macronychus glabratug
Microsyl loepus pusilius
Qulimnius tatiusculus
Steneimis sp.

Family Gyrinidae
Dineutus sp.

Gyrinus sp.

Peltodytes sp.

Family Hydrophilidae
Iropisternus sp.
Hydroporus sp.

Order Trichopters
Family Hydropsychidae
Syphitopsyche alhedra
Hydropsyche sp.

Family Leptoceridae
Nectopsyche sp.

Decetis sp.
Irisenodes sp.
Bycnospyche divergens
Order Dipters
Falgg@zia Sp.

Family Culicidae
Aedes sp.

Dixs sp.

Family Empididae
Hemerodromia sp.
Simalium sp.

Family Tipulidae
Tipuls sp.

Pilaria sp.

Family Chironomidae
Subtamily Tanipodinae
Ablebesmyia sp.
Clinotanypus sp.
Conchapelonia grp.

Procladius sp.

Subfamily Orthocladiinae
Britlie sp.

Corxhaneura £p.

Ericotopus sp.
Eukiefferiells sp.

Parametriocnemus sp.
xgggsxociadlm Sp.

Thiensmanniella sp.

Ivetenia sp.

Tr ibe Chironomini

ronomus sp.

rzgtschtronomu Sp.
Phaenopsectra sp.
Polypedilum sp.
Robackis sp.

Iribe Tanytarsini
Rheotanytarsus sp.

Ianytarsus sp.
Subfamily Diamesiinae

Porthastia sp.
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the reference site as compared to the midstream (14) and downstream (1) sites
(Table 4-1). This resulted in a high percent contribution of dominant raxon
{Table 4-4) at the upstream reference site, therefore skewing the final metric
score (Table 4-3). Baetids were the dominant organism collected at both the
midstream and downstream sites. The predominantly sand/silt substrate present
at all sites is a good habitat for Oligochaeta and Chironomid organisms. The
type of habitat, (no riffle areas and a predominantly sand/silt substrate) and
the conditions at the time of sampling (high water levels due to recent heavy
rains) contribute to a situation that would not normally support a very diverse

benthic macroinvertebrate community even under pristine water quality conditons.

The overall bioclogical condition category, based on % comparability to the
reference site score, indicates slight impaivrment (794 comparability) at Reedy
River midstream site and slight impairment (74% comparability) at the downstrean
site (Table 4-3). These results c¢ould be misleading because without proper

reference conditions biosurveys tend to underestimate impeirment (EPA 1991).

4.2 LANGSTON CREEK

The highest taxa richness was observed at the downstream site with 47
unique macroinvertebrate taxa collected. At the upstream control site, 41 unique
macroinvertebrate taxa were collected; 427 unique taxa vere found at the midstream

site (Table 4-4Y).

The Biotic Index was lowest (0.68) at the upstream site and highest (0.92) at
the downstream site (Table 4-4). The calculated BI is indicative of excellent
water quality at all sites. Again, these values are misleading because the

dominant organisms Oligochaeta (generally pollution tolerant) could not be
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assigned tolerance values because of the inability, due to specimen condition,
to identify them beyond the class level. If these numerically dominant organisms
had been assigned tolerance values, the calculated BI would have increased

dramatically, indicating possible impairment.

The EPT/Chironomidae abundance ratio increased from the upstream to the
downstream site (Table 4-4). All sites on Langston Creek were dominated by
pollution tolerant Oligochaeta and the Chironomid, Polypedilum sp. {Table 4-5}),
The Ephemeropteran, BRaetidae (20%), was the second most dominant organism

collected at the downstream site {Table 4-5).

The wvalues ofvthe EPT Indexss at all three Langston Creek sites are
indicative of poor water gquality (note contrast with results for BI). The ratio
of shredders/total organisms increased steadily from the upstream site to the
downstream site suggesting recovery downstream. As stated earlier, high water
conditions, recent flooding, few riffle areas, and a predominantly sand/silt
substrate all contribute to a habitat that would not normally support a diverse

benthic macroinvertebrate community.

The overall biclegical condition category, based on % comparability to the
reference site score, indicates non-impairment at the Langston Creek midstream
site (91% comparability) and non-impairment (87% comparability) at the Langston
Creek downstream sites (Table 4-3). Again, these results are misleading because

without proper reference conditions biosurveys tend to underestimate impairment.
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Table 4-5. Numerically dominant taxon for each sampling site on the

Reedy River and Langston Creek. May 2, 1991.

Sampling Site

% Composition

Reedvy River Upstrean
Class Oligochaeta
Order Pelecypoda
Family Sphaeridae

Reedy River Midstream
Family Baetidae
Class Oligochaeta

Reedv River Downstream
family Baetidae

Langston Creek Upstream

Class Oligochasta
Order Pelecypoda
Family Sphaeridae
Simulium

Pelvpedilum sp.

Langston Creek Midstream
Class Oligochaeta
Simalium

Polypedilum sp.

Langston Creek Downstream
Class QOligochaeta

Family Baetidae

Simulium

Polypedilum sp.

Reedy River

Langston Creek

39.4%
14.2%
5%

15.7%
11%

26%

28.1%
7.0%
8.0%
6.0%

17%

28%
14%
20%

28%
20%
6%
5%
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5.0 SUMMARY

On May 2, 1991, a study was performed to assess the biclogical condition

of sites on the Reedy River and Langston Creek in Greenville, South Carolina.

Locations upstream and downstream of previcusly impacred sites {see SCDHEC
1982) on the Reedy River and Langston Creek were chosen by J.L. Rogers and
Callcott personnel. Each site was characterized by normally shallow (0.5 m - 1.5
m}, slow moving water and a sand/silt substrate. One week prior to the sampling
date, a heavy rainfall event occurred and both the Reedy River and Langston Creek
water levels were still higher than normal when sampling took place. VWater
levels at all sites, except Langston Creek Midstream where the water level is
controlled by a dam, were above normal pocl. The conditions could have altered

the composition of the macroinvertebrate community through scouring or drift.

The site specific upstream control sites chosen by J.L. Rogers and
Callcott, Inc. were of comparable habitat to the study sites, The rapid
bicassessment protocols used in this study are based on comparing umimpaired or
least-impacted reference waters that operationally represent best attainable
conditions. Without proper reference conditions biosurveys tend to underestimate
impairment. The upstream control sites appear to have been impacted by non-point
source pollution from the farther upstream urban areas or other sources. The use
of these potentially impaired control sites for comparison would skew the scores

obtained through the RBP metrics.

The health of the benthic macroinvertebrate community was assessed by

computing a value to each of eight RBP IIT metrics. Although wvalues for
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individual metrics were suggestive of impaired conditions, final scores based on
a compilation of all eight metric values for a given site, when compared to the
reference site indicated no impairment or slight impairment at the downstream
locations as compared to the reference station in both Langston Creek and Reedy

River.

Based on the somewhat conflicting results of the individual metrics and the
RBP final scores influenced perhaps by the prior flood event and the high water
level conditions at the time of sampling, the results of this report should not
be considered conclusive with respect to the current biological water guality of

either Langston Creek or the Reedy River,

Sampling conducted under normal water level and flow conditions and the use
of an unimpaired reference stream similar in habitat to the study sites would
contribute to a study whose results would be more representative of the true

conditions of the water bodies under consideration.
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ATTONELLA ATITUNTA
BALTIS ARUMNTICOLOK
BALTIE TYRIPPIATUS
RIEDPIE FLAVISTRICA
BACTIS FROMDALIE

LORYLORHELLA TRMPORALIS
EURTLOPHELLA VERISINILYS
VARBOOHLZRIA VIRRANS

HEPTAGERIR MARGINALLS

ACNETINA CARITRYN
ACHTTIRA C1AVOACENS
ALLDCAPHYS sve

Appendix Table 1.

Tolerance values for Hilsenhoff-type biotic index (0-5),
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HISTORICAL LITERATURE REVIEW

Langston Creek is a tributary of the Reedy River that originates to the

» northwest of the c¢city of Greenville in Greenville County, SC and is classified

as a Class B waters. The creek flows approximately 5.8 km in a southerly

direction to its confluence with the Reedy River near SC Highway 253.

The Reedy River originates near Travelers Rest and flows southward through
Greenville and Laurens countieé to its confluence with Lake Greenwood. The
entire length of the Reedy River is classified as Class B waters according to the
Water Classification Standards System for the state of South Carolina (SCDHEC

18793,

Class B waters are freshwaters that are suitable for secondary contact
recreation and as a potable water supply source after conmventional treatment
{SCDHEC 1980). Also, Class B waters are considered suitable for fishing,
survival and propagation of fish, other fauna and flora and for industrial and

agricultural uses (SCDHEC 1981).

The Union Bleachery Corporation site in Greenville, South Carolina,
covering 257 acres, was built in 1902 as a textile dyeing and finishing plant and
has been used as this type of facility since that time. In 1952 the plant was
purchased by Cone Mills Corporation who operated it until 1984, when it was

purchased by American Fast Print for textile dyeing processes.

A study conducted by SCDHEC in May of 1981 reported elevated total chromium

levels in Langston Creek at and downstream from the Union Bleachery Corporation
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plant. These extremely high levels of chromium were also observed in the Reedy
River downstream of the confluence with Langston Creek (SCDHEC 1%82). Sediment
data from this report strongly indicated that the source of the elevated chromiunm

levels in Langston Creek was associated with the Union Bleachery plant,

After detection of the chromium contamination, Cone Mills initiated a
hydrogeological study of the site. This study was conducted by Soil and Material
Engineers, Inc. Subsequently, a ground-water extraction system for chromium Cr

6 removal was begun and has been in operation since November 1982 (S&ME 1985),

The source of chromium in the groundwater is assumed to have been from a
leak in the chromium line from the chromium storage tank to the dye area. This
storage tank and line were removed some years ago and chromium has not bsen used

in the plant’s dyeing process since about 1974 (S&ME 1985),

A study conducted by Law Engineering Testing Company to detect the source
of the chromium contamination was initiated in February 1982, Preliminary
conclusions supported the contention that the most likely source of chromium in
the groundwater was a break in the line between the old chromium storage tank and

the dyeing area (LETCO. 1982).

In 1989, American Fast Print/US Finishing Company filed suit against Cone
Mills for not disclosing a complete documentation of all environmental impacts
known to Cone Mills at the time of purchase of the Union Bleachery Corporation

facility. A site assessment of the area was conducted by GeoTrans at this time.
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On September 4, 1985, a macroinvertebrate assessment of Langston Creek was
conducted by Aquatic Analysts of Columbia, SC at the US Finishing Plant in
Greenville, SC. It was determined that groundwater containing traces of chromium

" had impacted the benthic macroinvertebrate communities of the creek,

This survey was conducted at the same or very nearly the same sites and
using the same collection methods as the recent study performed by Normandeau
Associates, Inc., in May 1991. The results of these two surveys are presented

in Table 1.

In the 1985 study, species diversity and equitability values were computed
from the data wusing the Shannon-Weaver function and Margalef measure,
respectively (Weber USEPA 1973). Species diversity is a measure of the combined
effects of the number of taxa identified from a statioen (richness) and the
distribution of individuals among the taxa (evemness). Taxa diversity generally
increases as the number of taxa found at a site increases, and if the
distribution of animal abundances is fairly even among the taxa present (few
dominant or rare taxa; Price 1975). However, the Shannon-Weaver diversity index
is insensitive to the effects of many poliutants, including heavy metals (Lenat
et al. 1980). The use of diversity indices is only valid where organic wastes

are the only pollutants (Lenat et al., 1980).

Equitability is an index that compares the number of species in a sample
with the number of species expected from a well balanced community found in
unpolluted habitats. This index has been found to be very sensitive to even

slight levels of degradation (Margalef 1957). Values above 0.% are indicarive
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of good water quality. Even slight levels of pollution have been found to reduce -

equitability below 0.5.

The diversity and equitability wvalues reflected in the 1985 data have
reduced reliability because the total number of specimens collected from each
station was less than 100. Consequently in 1985, equitability values did not

indicate impairment as they do in the 1991 data.

Total number of invertebrates collected and total number of species
indentified, differed dramatically at all stations on Langston Creek from 1985
to 1991. Diversity values were slightly lower at Station 1 but remained

relatively the same at Stations 2 and 3.

Although the difference in total number of organisms and total number of
taxa collected in 1991 as compared to 1985 looks as though the stream has
experienced a dramatic recovery, the numbers alone are misleading. There was a
significant increase indicating some recovery, but most of the increase in total
organisms collected was due to the abundance of pollution tolerant oligochaetes

and chirenomids,
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