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HYDROGEOLOGY AND GROUND-WATER QUALITY NEAR A
HAZARDOUS-WASTE LANDFILL NEAR
PINEWOOD, SOUTH CAROLINA

By Don A. Vroblesky

ABSTRACT

The sediment immediately underlying the disposal area at a
hazardous-waste landfill near Pinewood, South Carolina, is composed of
fractured opaline claystone. If contaminants were released from the
disposal areas into the opaline claystone, they would migrate downward to
the Lang Syne water-bearing zone. Dissolved constituents would migrate
laterally in the zone until discontinuities in the underlying or overlying
confining units allowed discharge downward or upward, depending on head
gradients. The direction of transport in the Lang Syne water-bearing zone
depends on the area where such hypothetical contamination entered the zone;
however, despite short-term variations in transport direction, the
contaminants that remain mobile ultimately would migrate toward Lake Marion.
The rate of such transport would be slow (less than 2 feet per year) in the
Lang Syne water-bearing zone and faster (2-64 feet per year) in the
underlying lower Sawdust Landing water-bearing zone.

Dense organic compounds, if released to the claystone, would migrate
downward to the Lang Syne water-bearing zone. Transport direction would
then be controlled by the slope of the underlying confining unit and
probably would be approximately eastward.

Elevated concentrations of iron, sulfate, and manganese are found in
a well downgradient from the landfill screened in both the surficial aquifer
and the Lang Syne water-bearing zone. The elevated concentrations are
caused by rainwater leaching through the stockpiles of excavated
opaline-claystone sediments. Cadmium, chromium, and lead also were detected
in the ground water downgradient from the landfill, but inconsistencies in
the results imply the possibility of analytical error. The leaching of
cadmium and chromium from the stainless-steel casing of the well also could
be a contributing factor. Elevated concentrations of iron also are found in
the Peedee aquifer and are due to natural causes.

The sediments previously described as part of the Black Creek aquifer
of the landfill are now known to be from the overlying Peedee Formation and
are designated the Peedee aquifer in this report. The Black Creek aquifer,
which provides part of the water supply for Sumter, Manning, and Summerton,
is deeper at the landfill than previously thought. The Lang Syne-Sawdust
Landing aquifer is further divided into the Lang Syne, the upper Sawdust
Landing, and the lower Sawdust Landing water-bearing zones, listed in
descending order.



INTRODUCTION |

A landfill near Pinewood, S.C., is one of two landfills in the
southeastern United States permitted by State and Federal agencies to accept
hazardous waste. Since 1977, approximately one billion pounds of ignitable,
corrosive, acutely hazardous, reactive, and toxic wastes have been buried at
the 279-acre site. Although a considerable amount of hydrogeologic
information has been collected in the site boundaries by the site operator,
little information is known regarding the relation between the site-specific
hydrogeology and the regional hydrogeologic framework. The landflll is
located approximately 1,200 ft from Lake Marion; South Carolina’s largest
reservoir. The potentlal for contamination of ground water and surface
water by possible leakage from the site is an issue of public concern. The
regional extent of aquifers, the directions of ground-water flow, and the
interaction between ground water and surface water are major factors
affecting potential contaminant migration in the vicinity of the landfill.
To address the above concern, the U.S. Geological Survey (USGS) in
cooperation with the South Carolina Public Se£v1ce Authorlty investigated
the hydrogeology, streamflow, and sediment quality in the vicinity of the
landfill during the period 1987-90.

Purpose and Scope
|

The purpose of this report is to describe the hydrogeologic
characteristics and the ground-water quality of the area in and surrounding
a hazardous-waste landfill near Pinewood, S.C., referred hereafter as the
facility. Specific aspects include discussions of the directions and rates
of ground-water flow and the probable pathways of contaminant movement in
the event of contaminant discharge to the ground water.

The results presented in this report are based, in part, on information
collected from five observation-well clusters that were installed within a
few miles of the facility as part of this investigation. The information
from these wells was used in conjunction with geologic and water-level data
from 23 wells screened in the Black Creek aguifer within an approximate
24-mile radius of the facility to define the hydrogeology in the area.
Information on the ground-water chemistry was collected during 1988-50 from
the observation wells installed during this investigation. Information,
collected by the site operator from several wells within the facility, was
used in conjunction with data collected during this investigation to
determine the hydraulic properties of the aguifers underlying the facility
and the directions and rates of regional ground-water flow.

Previous Investigations

There have been a number of subsurface investigations at the facility.
During the period 1972-78, about 20 exploratary borings were made to
evaluate the economic potentlal of the site for extraction of *Fuller’s
earth®, or opaline claystone (Environmental Technology Engineering, Inc.,
19883). Several in-depth investigations at the site have provided
hydrogeologic and geologic data needed for dgsign and installation of the
landfill. The investigation by Wehran Engin%ering (1978) included seven



deep exploratory borings, the excavation of 32-exploratory test pits, and
the installation of several piezometers. Additional borings were made and
additional piezometers were installed in later years (Wehran Engineering,
1982; Envirommental Technology Engineering, Inc., 1988a; 1989). In
addition, hydrogeologic assessments were conducted by Aware Inc. (1985a,
1985b), Waddell (1988), and Gordon and Powell (1989). Site-specific studies
are ongoing to further characterize the hydrogeology at the facility.

Well-Numbering System

Wells drilled by the U.S. Geological Survey as a part of this
investigation are identified by informal names designed to allow a group of
wells to be readily identified as belonging to the same well cluster. For
example, wells Rimini-1A, Rimini-1B, Rimini-1C, Rimini-1D, and Rimini-lE are
screened at different depths but located near each other and near the town
of Rimini. The number and letter suffix identifies the relative depth of
the screen: Rimini-1lA is the deepest well, and Rimini-lE is the shallowest
well. Additional informal names used to identify drilling sites are the
Manchester-1 well site, the Railway-1 well site, the Lake Marion-1 well
site, and the Lake Marion-2 well site (plate 1).

In addition to the informal names, wells outside the facility are
identified using a county sequential system in which the letter prefix
refers to the county and the number refers to the chronological order
in which wells were recorded (scheduled) in that county. For example, well
SU-302 is the 302d well scheduled in Sumter County. Similarly, the prefix
CLA denotes a well in Clarendon County, and the prefix CAL denotes one in
Calhoun County.

Observation wells within the facility are identified with the
number assigned by the engineering firms that installed the wells. The
well-numbering system consists of an alphanumeric identification code
followed by a sequential number. The alphanumeric identification code
identifies the well by function or by screened horizon. For example, well
SL-10 refers to well 10 in the Sawdust Landing water-bearing zone. PSDL and
SL are other prefixes assigned to wells in the Sawdust Landing water-bearing
zone. Similarly, wells with the prefixes UBC, PBC, LSUBC, and CBC designate
wells screened in what was thought to be the Black Creek aquifer. The
prefix WT was applied to wells screened in the water-table aquifer, and the
prefix OC was applied to wells screened in the opaline-claystone confining
unit. Modifications of the aquifer designations have been made as a result
of subsequent studies. Thus, the well number does not necessarily indicate
the water-bearing zone in which the well is screened.
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DESCRIPTION OF STUDY AREA

The hazardous-waste landfill near Pinewood, S.C. is located
approximately 2 miles northeast of the town of Rimini and 5 miles southeast
of the town of Pinewood. The area of investigation is in the central part
of South Carolina, mostly in Sumter County, also includes parts of Richland,
Calhoun, and Clarendon Counties that border Ehe Congaree, Wateree, and
Santee Rivers near the facility (fig. 1). The bulk of the data collected
during this investigation, however, was collected within a few miles of the

facility (area delineated in fig. 1 as the "area of detail map").

The study area is located in the Coasta# Plain physiographic province,
in which the geology consists of a seaward-thickening wedge of sand, clay,
and limestone (Colguhoun and others, 1983). 'The topography in this upland
Coastal Plain area is characterized by gently undulating relief of 25 to

50 ft. The uplands contain low-gradient streams and several Carolina bays,
which are shallow oval depressions as large as 2,000 ft across. A steep
(10- to 20-percent grade) escarpment 70- to 80-ft high separates the uplands
from the Santee River valley in the study area. The study area is underlain
by late Cretaceous and younger sediments, which were deposited on a
pre-Cretaceous basement of metamorphic and sédimentary rocks.

Several geologic units have been identified in the three-county area
surrounding the facility (fig. 2). The deepést sediments investigated are
from the Cretaceous Black Creek Group. Overiying the Black Creek Group is
the Cretaceous Peedee Formation, formerly mapped within the facility as the
Black Creek Formation (Environmental Technology Engineering, Inc., 1988a).
Overlying the Peedee Formation are the Paleocene sediments of the Black
Mingo Group, which are divided into the Williamsburg Formation and the Rhems
Formation. Prowell (1990) showed that the Williamsburg Formation is
represented by the Lang Syne Member and the Rhems Formation is represented
by the Sawdust Landing Member in the study area. Prior to the
biostratigraphic work by Prowell (1990), the Lang Syne Member was thought to
be a member of the Rhems Formation (Muthig and Colgquhoun, 1988; Colgquhoun
and others, 1983; Environmental Technology Engineering, Inc., 1988a). The
shallowest sediments investigated are the upland fluvial deposits and the
Santee alluvium, which are locally confined but function as water-table
aquifers in much of the area. Correlation of the formations between the
facility and areas approximately 13 miles southeast and approximately 10
miles northeast of the facility (figs. 3 and 4) demonstrates that the
geologic units are laterally extensive.

METHODS OF STUDY

Standard methods were used in this investigation to obtain
hydrogeologic information. Specific methods used during observation-well
installation and development, determination of aquifer and confining-unit
properties and collection of water-level and ground-water-chemistry data are
discussed in the following sections.







































































































































in the Black Creek aquifer probably does not flow westward under the lake
from the facility. There is uncertainty associated with this conclusion,
however, because in a regional examination of a multiaquifer system, such
as the Black Creek aguifer, it is often not clear whether the measured water
levels represent the same water-bearing zones. It is unlikely that
substantial discharge occurs to the lake near the facility because the
aquifer is deep (approximately 150 ft below the lake) at that site.
Ground-water movement in the Black Creek aquifer beneath the lake may be
northwestward toward the regional discharge areas in the Wateree and
Congaree River valleys as described by Aucott and others (1987) or
southeastward toward the deeper flow system.

No aquifer tests were done in the Black Creek aquifer during this
investigation; however, transmissivity values for the Black Creek aquifer
near the study area have been reported (Aucott and Newcome, 1986). A
transmissivity of 7,000 ft2/d was reported for the combined Middendorf-Black
Creek aquifers in Sumter; 4,200 ft2/d for the Black Creek aquifer at Shaw
Air Force Base, and 1,900 ft2/d for the Black Creek aquifer at Eastover
(well RIC-52).

The Black Creek aquifer provides part of the ground water used for
public supply in Sumter, Manning, and Summerton (fig. 1). At least one
irrigation well, located between Pinewood and Sumter, is screened in the
Black Creek aquifer.

GROUND-WATER QUALITY

During this investigation, water samples from the surficial aquifer
were collected for chemical analysis from wells Manchester-1F, Railway-1D,
Rimini-1E, and from the combined surficial aquifer and Lang Syne water-
bearing zone at well Lake Marion-2B (appendix C). Concentrations of cadmium
exceeding the U.S. Environmental Protection Agency (USEPA) (1987) Maximum
Contaminant Level (MCL) of 10 ug/L were detected in water from well Lake
Marion-2B on two out of a total of four sampling dates. On one out of a
total of four sampling dates, water from the well contained chromium at a
concentration exceeding the USEPA MCL of 50 ug/L (Feb. 1990); however,
there is uncertainty associated with the analysis because laboratory
results from analyses of three split samples collected from well Lake
Marion-2B during the February 1990 sampling showed a range of chromium
concentrations from 16 to 90 ug/L. Water from wells Lake Marion-2A and Lake
Marion-2B contained lead concentrations exceeding the USEPA MCL of 50 ug/L
during the January 1990 sampling but not on other sampling dates
(appendix C).

The pH of water in all of the wells in the surficial aguifer was at or
below the secondary maximum contaminant level (SMCL) lower limit of 6.5 to
8.5 for drinking water established by the USEPA (1987). Field-measured pH
values of water in the background wells in the surficial aquifer were 4.8 in
well Manchester-1F (north of facility), 5.3 in well Railway-1D (east of the
facility) and 6.5 in well Rimini-1lE (south of the facility). The pH of
water in the combined surficial aquifer and Lang Syne water-bearing zone
downgradient from the landfill at well Lake Marion-28 was 4.1 to 4.3.
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Concentrations of iron (395 mg/l, in February[l990) sulfate (380 to 1,465
mg/L), and manganese (4,700 to 14,100 pug/L) in water from well Lake

Marion-2B exceeded the USEPA SMCLS (0.3 mg/L,
respectively).

250 mg/L, and 50 ug/L,

The low pH values in water from background wells in the surficial

aquifer are largely the result of infiltratio
by the USGS of pH in rainfall during 1989 typ
5.5 at the Santee National Wildlife Refuge, a
of the facility (National Atmospheric Deposit

The probable source for the excessive co
sulfate in water from well Lake Marion-2B is
opaline claystone that has been excavated fro
stored near the well. When exposed to oxygen
ferrous iron and sulfuric acid, which can con
found in well Lake Marion-2B. Additional evi
leachable sulfate in the sediment is the repo
(calcium sulfate) on the claystone as it drie
Engineering, Inc., 1988a).

Excessive concentrations of iron and man
aquifer at the Rimini-1 well cluster where th
dissolved oxygen and reactions are methanogen

of rainwater. Measurements
cally ranged between 4.1 and
proximately 20 miles southwest
on Program, 1988).

centrations of iron and
issolution of pyrite in the
sites in the facility and
pyrite can be oxidized to

ribute to the low pH values

ence of the presence of

ted precipitation of gypsum
out (Environmental Technology

anese occur in the surficial
ground water contains no
¢ (Chapelle and Lovely, 1990).

Iron concentrations as high as 16.9 mg/L and manganese concentrations as
high as 660 ug/ in water from well Rimini-1D, are probably due to the
leaching of iron and manganese from grain coatings in the aquifer matrix

under low-Eh conditions.

The analytical inconsistencies imply that the cadmium, chromium, and

lead results may have been affected by sample
error; however, alternate hypotheses for sour
discussed below. Contribution by the well-ca
because both cadmium and chromium have been s
steel in low-pH environments (Parker and othe
the analytical data from the wells within the
because those wells are constructed of stainl
Technology Engineering, Inc., 1987). Continu
well or wells, could help to evaluate the inf
Another possibility is that the constituents

water. Cadmium and chromium were not detecte
well WT-11 within the facility when the well

Environmental Technology Engineering, Inc. in
chromium occasionally have been detected, how
completed in the Lang Syne-Sawdust Landing aq
upgradient from well Lake Marion-2B (Environm
Inc., 1988a, 1989; GSX Services of South Caro
Lake Marion-2B obtains most of its water from
screened interval is also open to the Lang Sy

Ground-water contamination by volatile o

reported in the surficial aquifer within the
I and east of section II (Environmental Techn
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uence of casing material.
re present in the ground

in nearby surficial-aquifer
as sampled and analyzed by
November 1989. Cadmium and
ver, in water from wells

ifer within the facility
ntal Technology Engineering,
ina, 1990). Although well

the surficial aquifer, the
e water-bearing zone.

ganic compounds has been
acility north of section
logy Engineering, Inc, 1988b).



The contaminants include chlorinated ethanes and ethylenes, as well as
toluene and ethyl benzene. Average concentrations of selected volatile
organic compounds during 1988 were 40,800 ug/L of tetrachloroethylene, 1,580
ug/L of 1,1,1-trichloroethane, 1,530 ug/L of trans 1,2-dichloroethylene, and
495 ug/L of trichloroethylene. Detailed water-table maps of the
contaminated area constructed by Environmental Technology Engineering, Inc.
(1989) show that most of the shallow ground water in the contaminated area
discharges to streams within the facility that drain to Lake Marion.

Ground-water in all three of the water-bearing zones of the Lang
Syne-Sawdust Landlng aquifer contained iron and manganese concentrations
exceeding USEPA SMCL’s (0.3 mg/L and 50 ug/L, respectively). In the wells
installed during this investigation, the concentrations of iron ranged from
0.02 to 0.34 mg/l in the Lang Syne water-bearing zone. Higher
concentrations of iron (74 to 395 mg/L) were obtained in water from well
Lake Marion-2B. Iron concentrations ranged from 0.0l to 3.9 mg/L in the
lower Sawdust Landing water-bearing zone and 1.0 to 16.9 mg/L in the upper
Sawdust Landing water-bearing zone (wells Manchester-1D and Rimini-1D). The
concentration of manganese ranged from 30 to 360 ug/L in the Lang Syne
water-bearing zone. Manganese concentrations ranged from less than 10 to
90 ug/L in the lower Sawdust Landing water-bearing zone and from 160 to
660 ug/L in the upper Sawdust Landing water-bearing zone.

The range of pH in water from wells in the Lang Syne-Sawdust Landing
aquifer (5.6 to 1l1.1) includes values outside of the USEPA SMCL range of 6.5
to 8.5 for drinking water. The excessively high values (9.1 and 11.1) may
be due to problems encountered during well installation resulting in partial
grouting of the well screens.

Ground water from several wells screened in the Lang Syne-Sawdust
Landing aquifer within the facility have been reported to contain
halogenated organic compounds. Water from well PSDL-21 screened in the
Lang Syne water-bearing zone within the facility contained 480 to 500 ug/L
total halogenated organic compounds (GSX Services of South Carolina, 1990).
Water from well SL-13, adjacent to well PSDL-21 but screened in a deeper
sand, contained 56 ug/L chromium, which is greater than the MCL of 50 ug/,
and 31 ug/L of total halogenated organic compounds. Well SL-1, screened in
the Lang Syne water-bearing zone at the northwestern corner of section I
contained 14 pg/l of total halogenated organic compounds (GSX Services of
South Carolina, 1990). Halogenated organic compounds were not detected in
water from wells completed in the Lang Syne-Sawdust Landing aquifer
downgradient from the landfill during this investigation.

Ground water in wells screened in the Peedee aquifer in the study area
contained iron in concentrations ranging from 0.63 to 1.8 mg/L exceeding the
USEPA SMCL of 0.3 mg/L for drinking water. However, locally high
concentrations of iron occur naturally in the Cretaceous-age aguifers in
South Carolina.

No observation wells installed during previous investigations of the
facility extended to the Black Creek aquifer, and of the wells drilled
during this investigation, only well Rimini-1lA extended to the Black Creek
aquifer. No constituents were found in water From this well at
concentrations greater than USEPA MCLs or SMCL’s for drinking water.
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SUMMARY

Hydrogeologic units and ground-water quality in the vicinity of a
hazardous-waste landfill near Pinewood, South Carolina were investigated
during 1987-90. Upland fluvial deposits and the Santee alluvium compose a
surficial, water-table aguifer over much of the area, but are locally
confined where clay overlies the water-bearing zone. The aquifer in the
vicinity of the landfill facility is absent in areas where the underlying
clay crops out and where the sandy material has been excavated and removed
during site operations. Ground water in the surficial aquifer is moving
toward streams and Lake Marion at a rate of about 14 to 55 ft/yr.

|
The opaline-claystone confining unit underlies the surficial aquifer.
The confining unit is continuous in most of the facility, but it thins and
is locally absent west and southwest of the facility. The unit thickens
northeastward and eastward across the facility, and is 124 ft thick at the
Railway-1 well site.

The basal sand in the Lang Syne Member of the Williamsburg Formation
and water-bearing zones in the underlying Sawdust Landing Member of the
Rhems Formation are considered in this report| to compose the Lang
Syne-Sawdust Landing aquifer. The Lang Syne-Sawdust Landing aquifer is
divided into the Lang Syne, the upper (or secondary) Sawdust Landing, and
the lower (or primary) Sawdust Landing water-bearing zones, listed from
shallowest to deepest. The water-bearing zones of the aquifer are
hydraulically connected in the eastern part of the facility and east of the
facility. ‘

The Lang Syne water-bearing zone is a sand facies (typically 2-6 ft
thick) at the base of the opaline claystone. The upper Sawdust Landing
water-bearing zone is composed of discontinuous sand or sandy clay lenses.
The lower Sawdust Landing water-bearing zone within the facility is coarser
grained and more continuous than the sand bodies in the upper Sawdust
Landing water-bearing zones. Limited vertical hydraulic interconnection
exists among individual water-bearing zones of the Lang Syne-Sawdust Landing
aquifer near the center of the facility.

Ground-water movement in the Lang Syne water-bearing zone in the
central and western parts of the facility and east of the facility is
southwestward, toward Lake Marion. If occurrences of the zone in the
eastern part of the facility are hydraulically continuous with occurrences
of the zone in the central and western parts of the facility, then there is a
localized component of ground-water movement from eastward from the central
part of the facility toward the potentiometric low in the eastern part of
the facility. The average rate of ground-water movement in the Lang Syne
water-bearing zone is probably less than 2 ft/yr. The average ground-water
velocity in the lower Sawdust Landing water-bearing zone in the interval
between wells CBC-11 and Lake Marion-2A is 2 to 64 ft/yr.

In areas where the opaline claystone is thin and fractured,
contaminants leaking from the landfill into the claystone would probably
migrate downward to the Lang Syne water-bearing zone. Such areas occur
between, and probably beneath, sections 1 and II of the landfill. Once in
the Lang Syne water-bearing zone, contaminants could be expected to migrate

i

\
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laterally until discontinuities in one of the bounding confining units
allowed discharge of water out of the zone. Such contamination ultimately
would be transported toward Lake Marion, despite potential temporary
movement in the opposite direction in parts of the Lang-Syne

water-bearing zone. If the contaminants were in the form of free product
denser than water, such as a concentrated pulse of chlorinated organic
solvent, the transport direction would depend on the slope of the confining
unit beneath the water-bearing zone and would probably be eastward.

The Peedee confining unit is composed of light-gray, sandy clay from
the upper part of the Cretaceous Peedee Formation. It is present in all
wells drilled for this investigation and ranges in thickness from 2 to 25
ft. The vertical hydraulic conductivity of this unit ranges from 1.0x107°
to 3.3x10”* ft/day.

The Peedee aquifer is composed of sediment formerly considered to be
part of the Black Creek Formation but now known to be from the upper part
of the Upper Cretacecus Peedee Formation. Ground water in the aquifer moves
generally northwestward beneath the facility. The Peedee aquifer does not
appear to be hydraulically connected to the overlying Lang Syne-Sawdust
Landing aquifer in the facility.

The Black Creek confining unit is composed of clay to clayey sand from
the lower part of the Peedee Formation. The thickness of the unit is about
72 ft at the two wells penetrating it. The vertical hydraulic conductivity
of this unit is 1.7x107° to 3.6x10""* ft/day.

The Black Creek aquifer is a multiaquifer system and is the deepest
hydrogeologic unit investigated during this study. Ground-water movement in
upgradient areas is dominantly toward discharge areas in the valleys of the
Congaree, Wateree, and Santee Rivers.

Several water-quality characteristics in water from some wells in the
surficial aquifer that were sampled during this investigation did not comply
with drinking water standards. The pH values for water from the surficial
aquifer commonly are less than the recommended range (6.5 to 8.5) for
use as drinking water. The low pH values are caused partly by
infiltration of low-pH rainwater into the aquifer.

The probable source for the excessive concentrations of iron and
sulfate in well Lake Marion-2B, which receives water from both the surficial
aquifer and the Lang Syne water-bearing zone, is dissolution of pyrite
present in the opaline claystone that has been excavated from sites in the
facility and stored near the well. This also contributes to the low pH of
water in well Lake Marion-28.

Ground water in several wells completed in the Lang Syne-Sawdust
Landing aquifer during this investigation contained water with iron
concentrations exceeding the USEPA SMCL of 0.3 mg/L. Cadmium, chromium, and
lead were detected in well Lake Marion-2B, and lead was detected in well
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Lake Marion-2A; however, analytical inconsistencies imply the possibility of
sample contamination or laboratory error.

Ground water in wells completed in the Peedee aquifer in the study area
contained iron concentrations ranging from 0.63 to 1.8 mg/l, which exceeded
the USEPA SMCL of 0.3 mg/L for drinking water. Ground water in the one well
in the Black Creek aquifer that was sampled, Rimini-1A, contained no
constituents in concentrations that exceeded USEPA MCL's or SMCL’s for
drinking water.
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APPENDIX A

Descriptive logs of cores from U.S. Geological Survey wells installed

during this investigation.

Site: Lake Marion-1
Altitude of land surface: 86 ft.

Sandy Clay: fine-medium, poorly sorted, angular quartz
sand in brown/light, gray kaolin matrix, massive to
poorly bedded; accessory minerals include mica and dark
heavy minerals; unit is sandier with depth and has a
thin (12 in.) gravel bed at the base.

Clayey Sand: fine, well-sorted quartz sand and silt in
a matrix of dark-green/gray clay; massive to poorly
bedded; accessory minerals include fine mica and
glauconite; bryzoans at 19 ft; silicified bed of coarse
sand and lignite at 24 ft.

Sandy Clay: massive light-green clay with minor amounts
of angular to rounded quartz sand, fine mica, garnet,
pyrite, and dark heavy minerals; green clay changes to
darker yellow/green with exposure to air.

Sandy Clay: dense light-green clay containing moderate
amounts of fine - very coarse quartz sand, feldspar,
and mica with small amounts of rounded smokey quartz
gravel; reddish stains in core at 55 ft and 60 to 65 ft
suggest iron oxide minerals; pale-green clay changing
to darker yellow/green suggests illite/smectite
composition; thin layer of fine gravel (6-12 in.) is
present at base of unit (66 ft).

Clay to Sandy Clay: pale-gray plastic kaolinitic clay
containing small amounts of fine quartz sand and silt;
thin, clayey sand beds are present at 69 and 75 ft and
are composed of poorly sorted, fine-very coarse, angular
quartz sand in a kaolin matrix; accessory minerals
include garnet, monazite, and dark, heavy minerals.

Sand: fine-coarse, subangular quartz in a carbonaceous
clay matrix; accessory minerals include abundant large
mica, minor amounts of feldspar, garnet, and dark,
heavy minerals; thin (1-2 ft) carbonaceous silty, clay
beds are present about every 10 ft.

Silty Clay: dark-green/gray carbonaceous clay
containing fine quartz sand and silt; accessory
minerals include mica and dark, heavy minerals with
some feldspar and garnet.
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Depth  Thickness
(feet) (feet)
15 15
24 9
42 18
66 24
82 16
148 66
170 22



APPENDIX A--Continued
Descriptive logs of cores from U.S. Geological Survey wells installed
during this investigation.
Site: Lake Marion-1

Altitude of land surface: 86 ft.

Altitude of

Screen depths measuring point
(feet) . (feet)
Lake Marion 1A (SU-290) 122 to 127 89.41
Lake Marion 1B (SU 291) 59.3 to 64.3 -_—
Lake Marion 1C (SuU-292) 20.5 to 25.5 87.63
Lake Marion 1D (SuU-293) 60 to 65 87.38
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed

during this investigation.

Site: Lake Marion-2
Altitude of land surface: 82 ft

No recovery

Clayey Sand: fine to very coarse, angular to
subangular poorly sorted quartz, in brown to pale-gray
clay matrix; accessory minerals include mica, feldspar,
monazite, garnet and dark heavy minerals; generally
clayey at top and sandier towards base; a 2-ft thick
bed of very coarse quartz gravels and cobbles marks
base of unit.

Claystone: well-laminated carbonaceous clay and very
fine white quartz sand and silt; accessory minerals
include abundant mica, pyrite, garnet, and fine dark
heavy minerals; slickensides on fracture at 18 ft;

2 in. of white sand at the base of the unit.

Sandy Clay: fine to very coarse, angular quartz sand
in dense pale-green clay matrix; accessory minerals
include large white feldspars, mica, garnet, rutilated
quartz, and dark heavy minerals; small gravels at 26 ft
and very clayey from 26 to 32 ft; unit gets sandier
with depth; loose sand from 50 to 54 ft; some zones
stained red/purple. Coarse quartz/garnet/feldspar
layer marks base of unit.

Sandy Clay: fine to coarse angular quartz sand in
white to light-gray kaolin matrix; accessory minerals
include minor feldspar, mica, garnet, pyritized wood,
smokey quartz, monazite, rutilated quartz, and dark
heavies; abundant lignite.

Screen depths

(feet)
Lake Marion - 28 (SU-294) 50 to 55
Lake Marion - 2B (SU-295) 14.5 to 19.5
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Depth  Thickness
(feet) (feet)

2 2
17 15
19 2
54 35
66 12

Altitude of
measuring point
(feet)

84.58
84.68
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed

during this investigation.
|
|

Site: Manchester-1
Altitude of land surface: 171 ft

Clayey Sand: fine to coarse, poorly sorted, Jangular
sand in red/orange clay matrix; no mica or feldspar.

Clayey Sand: fine to coarse, poorly sorted, sub-angular
to angular quartz sand in white clay matrix; accessory
minerals include mica, feldspar, and fine-grained dark
opaques; evidence of crossbedding; one-foot thick layer

of large quartz gravel (2 in.) at base.

Silty Clay: fine sand and silt, well-sorted, quartz in

a dark gray-green clay matrix; well - laminate

beds about 0.25 to 1.0 in. thick; one-foot thick beds
of silicified bivalve shells and silicified fline to very
coarse sand at top of unit; accessory minerals in bulk

of unit are mica, pyrite, glauconite, fine-gra

opaques and carbon fragments; also noted in this unit

are shell mold fine burrows (at 62-66 ft), ste

inclined fractures (some with slickenslides (72-76 ft)),

and conchoidal fracturing.

d even

ined

eply

Lag Bed, Sand: fine to medium sub-rounded quartz in

dark-green clay matrix; some coarse grains an
well-rounded quartz gravel; accessory mineral
mica, glauconite, garnet, and a few fossil fr
Lag Bed, Sandy Clay: fine to coarse, poorly-s
quartz sand in light-green clay matrix; access
minerals include large micas, feldspars, and p
heavy minerals.

Clayey Sand: fine to very coarse, poorly sort
angular quartz sand in pale-green/gray clay ma

accessory minerals include large feldspars, large mica,

include

gments.

orted
ory
pague

ed,
trix;

rutilated quartz, garnet, pyrite, and opaque heavy

minerals; some small beds of quartz grit and b
smoky quartz and feldspar gravel are present;

small-scale crossbedding and minor amounts of lignite

and pyritized wood are also present; unit is v
sandy from 100 to 109 ft and 129 to 131 ft and
clayey from 82.5 to 86 ft and 109 to 116 ft.

eds of

ery
VETY

Depth Thickness
(feet) (feet)

19 19
26 7
80 54
83 3
86 3
131 45



APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed
during this investigation.

Depth  Thickness

(feet) (feet)

Site: Manchester
Altitude of land surface: 171 ft

Sandy To Silty Clay: fine, sub-rounded, well-sorted 156 25
quartz sand and silt in light gray kaolin; accessory

minerals include mica, rutilated quartz, garnet,

monazite, pyrite, and fine-grained dark heavy minerals;

generally stained with red oxidation in upper 10 ft;

lower zones contain moderate amounts of lignite,

carbonaceous clays, and pyritized wood.

Sand: fine to very coarse, moderately sorted, 186 30
sub-angular quartz sand in a slight kaolin matrix;

accessory minerals include medium to large mica flakes,

pyrite, rutilated quartz, garnet monazite, pyritized

wood, and fine-grained dark heavy minerals.

Clay and Fine Sand: carbonaceous clay laminated with 258 72
fine, sub-angular, well-sorted quartz sand and silt;

accessory minerals include abundant white mica, garnet,

minor feldspar glauconite, biotite, and granular

phosphates; lignite fragments are abundant; and brown

chert fragments were found at 193 ft, and bivalve and

gastropod molds at about 206 to 215 ft; a thin bed of

phosphatic material is present at the base of the

unit at 258 ft.

Sand: very fine to fine, sub-angular to sub-rounded, 295 37
well-sorted quartz sand; accessory minerals include

abundant mica and glauconite, small phosphatic grains,

garnet, monazite feldspar, and fine-grained dark heavy

minerals; large lignitic fragments are common and many

show signs of pyritization; a light-gray/green clay

matrix binds the sand grains and is most prominent in

the middle of the unit.

Fine Sand and Clay: sub-angular, well-sorted quartz 314 19
sand laminated with carbonaceous clays; accessory

minerals include glauconite, fine-grained dark heavy

minerals, mica, and granular phosphate; cross-beds,

shell molds, and shark teeth are also present;

phosphate-pebble bed is present at base of unit.
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geoﬂoglcal Survey wells installed
during this investigation.
Depth  Thickness
(feet) (feet)

Site: Manchester-1
Altitude of land surface: 171 ft

Clay and Fine Sand: beds of carbonaceous clay (2 to 358 44
6 in. thick) containing thin quartz sand laminae

interbedded with thick (3 to 5 ft) beds of sub-angular,

well-sorted, very fine to fine quartz sand; Eccessory

minerals include fine to coarse mica abundan

glauconite, fine-grained phosphatic grains,

fine-grained dark heavy minerals; shell moldL are

present in clay layers and cross-bedding and

bioturbation is present in sandy layers.

Sandy Clay and Limestone: dark-green silty to sandy 389 31
clay contalnlng sub-angular, well-sorted quartz sands
thin (6 to 12 in.) beds of limestone and marl are

present throughout the unit; granular phosphate and
mica are also present; aragontic bivalve and gastropod
shells are common.

Sand: very fine to fine, sub-rounded, well-sorted 415 26
quartz sand; accessory mlnerals 1nclude mlca,

glauconite and granular phosphate; cross-bedding is

present in thin layers and very lignitic, thin sand

beds are common; a thin bed of phosphate pebbles marks

the base of the unit; thin (12 in.) carbonaceous

clay beds at depths of 406 ft, 411 ft, and 414 ft.

Sand: very fine to fine, sub-rounded, well-sorted 424 9
quartz sand with llgnltlc fragments, abundant mica,

and minor amounts of glauconite and granular

phosphate.

Clay and Fine Sand: very carbonaceous sandy clay 542 118
laminated with very fine to fine, sub-rounded quartz

sand; accessory minerals include abundant glauconite,

mica, granular phosphate, and fragments of lignite; shell

molds are common above 445 ft and small crossbeds are

present below 445 ft; pyritized lignite and leaf fragments

are present in the lower 10 ft of the unit.

Clay: slightly silty, micaceous, light tan/éray to pale- 561 19
green clay; evidence of extreme fracturlng and leached

organic matter.
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed

during this investigation.
Depth  Thickness
(feet) (feet)

Site: Manchester-1
Altitude of land surface: 171 ft

Sand: very fine to fine, sub-angular to sub-rounded 593 32
well-sorted quartz; accessory minerals include

abundant mica, some glauconite, rutilated quartz,

pyrite, and fine-grained dark heavy minerals; beds of

lignitic fragments and thin beds of very carbonaceous

clay are also present; crossbedding and small-scale slump

faults (1 in.) are also present.

Clay: Dark-brown to brown-gray plastic and sticky, 611 18
no sand or silt, minor mica, highly fractured.

Sand: fine to very course, subangular, poorly 665 54
sorted quartz; accessory minserals include mica,

feldspar, and fine, dark heavy minerals; some

sand layers are rich in lignite, much of which

is pyritized; carbonaceous clays occur in thin

(1 to 2 ft) beds spaced every 5 to 10 ft;

cross-bedding is evident in sands in upper

unit.

Sand: fine to very coarse, subangular poorly 690 25
sorted, quartz; accessory minerals include

mica, feldspar, rutilated quartz, monzite, and

dark, heavy minerals; abundant pyrite and

large lignite fragments also present; unit

also contains small, rounded, smoky quartz

gravel; thin carbonaceous clay bed at about

675 ft.
Clay: carbonaceous clay laminated with very 699 9
fine to fine quartz sand; abundant mica and

lignitic material.

Sand: fine to very coarse, angular, poorly 725 26
sorted quartz; accessory minerals include mica,

garnet, monazite, and dark, heavy minerals; loose

nature suggests almost no clay matrix.

(Poor recovery)
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed
during this investigation.

Site: Manchester-1
Altitude of land surface: 171 ft

| Altitude of
measuring point

Screen depths (feet above

(feet) sea level)
Manchester-1A (SU-296) 285 to 295 174,06
Manchester-1A (SU-296) 395 to 405 o
Manchester-1B (SU-297) 159 to 189 173.42
Manchester-1C (SU-298) 119 to 129 | 173,21
Manchester-1D (SU-299) 94 to 104 173.69
Manchester-1£ (SU-300) 72 to 82 \ 173.43
Manchester-1F (SU-301) 25 to 30 | 173.48
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APPENDIX A~-Continued

Descriptive logs of cores from U.S. Geological Survey wells installed
®during this investigation.

Depth  Thickness
(feet) (feet)

Site: Rimini-1
Altitude of land surface: 90 ft.

Sand: fine to very coarse, angular, poorly sorted in 28 28
matrix of pale to gray sticky clay; several very coarse

gravel layers and one bed of dark-gray clay mark base

of unit.

Siltstone: well-sorted silt, clay, and fine sand, in 42 14
pale yellow-green clay matrix; low density of samples

suggests low clay percentage in matrix; samples are

highly fractured (conchoidal) partial silification in

matrix.

Sand: fine to medium, well-sorted quartz, sub-angular 71 29
grains, in pale-green clay matrixj; Accessory minerals

include mica, feldspar, and unidentified dark heavy

minerals.

Sandy Clay: probably kaoclin with minor amounts of fine 76 S
to very coarse quartz sand, tan to off-white color.

Sand: fine to very coarse, sub-angular, moderate to 91 15
poorly sorted quartz; accessory minerals include mica,

feldspar, garnet, monazite and dark heavy minerals;

samples have pale-gray overall color due to smokey

quartz sand grains and carbon disseminated in kaolin

matrix.

Sandy Clay: soft kaolin containing fine to coarse 116 25
quartz sand; accesories include mica, large

feldspars, garnet, monazite, and rutilated quartz;

samples are high in carbon lignite.

Sand: fine to very coarse, poorly sorted, 180 64
sub-angular quartz in matrix of soft kaolin with

abundant carbon; accessory minerals include large

mica flakes, garnet and dark heavy minerals.

Thin (1 to 2 ft) carbonaceous clay layers are

present approximately every 10 ft. Sand becomes

better sorted and finer grained below 150 ft and

is extremely loose.
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed
during this investigation.
Depth  Thickness
(feet) (feet)

Site: Rimini-1
Altitude of land surface: 90 ft

Sandy to Silty Clay: dark-gray to green massive 252 72
to well-bedded clay containing fine quartz sand

and silt, and abundant mica; some beds contain

abundant fine carbon, and ammonites are dispersed

throughout the strata with concentrations in a

few thin beds (e.g., 207 ft); calcium carbonate

cement is present from 220 to 230 ft; pyrite

and/or animal borrows noted from below 240 ft.

Sand: fine-medium quartz with well-rounded @ralns 253 1
of coarse quartz and phosphatic pebbles the imatrix

is dark gray-green clay containing mica. ;

Sand: medium to coarse, well-rounded modera&ely 286 33
sorted quartz with significant amounts of

glauconite and micaj; accessory minerals include

dark heavy minerals and lignite fragments; a pale

gray-green clay forms a weak matrix around the

sand and recovery is poor.

Clayey Silt to Silty Clay: thin (0.25 in.) beds of 292 6
alternating silt sand and clay, dark-gray to green;

mica, fine-grained dark heavy minerals and fine-grained

glauconite are also present.

Clayey Silt to Sand: massive bedding mostly}quartz 296 4
and fine glauconite in a clayey, carbonate-rich

matrix; a thin bed of shells and phosphate pebbles

marks the basal contact.

Laminated Clay: dark-gray to black, with a 2 ft 300 10

the sand bed is mostly quartz with glauconite,
mica, lignite, and dark heavy minerals; it a
contains whole bivalve shells and a slight
carbonate cement in the matrix clay.

thick bed of medium clayey sand from 299 to %01 fts

SO
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed
during this investigation.

Site: Rimini-1
Altitude of land surface: 90 ft

Altitude of
measuring point

Screen depths (feet above sea
(feet) level)
Rimini-1A (Su-302) 252 to 262 84.22
Rimini-1B (SU-303) 129 to 139 85.04
Rimini-1C (SU-304) 80 to 90 84.66
Rimini-1D (SU-305) 44 to 54 84.67
Rimini-1E (SU-306) 31 to 37 84,64
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APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed

during this investigation.

Depth
(feet)

Site: Railway-l1
Altitude of land surface: 163 ft

Clayey Sand: fine to very coarse, poorly-sorted, 33
angular quartz sand in brown to tan clay matrix;
accessory minerals include mica, fine-grained
dark heavies, and minor feldspar; upper one-half
of unit contains red/orange oxidation stainsj bed
of coarse quartz gravel (12-in. thick) marks the base
of unit.
|
UNCOMFORMITY | 152
Silty Clay to Claystone: fine to medium, 152
sub-rounded, well-sorted quartz sand and silty in a
dark-green clay matrix; well-laminated beds about
0.1 to 1.0 in. thick; beds from 42 to 52 ft contain
shells (abundant at 42 to 44 ft) as does indarated

sand bed at 58 to 60 ft; minerals include mica
(muscovite and biotite), pryite, fine dark heavies,
phosphate and carbon fragments; below 62 ft this
formation is a very low density siltstone; upper

5 ft is orange due to oxidation (weathering);

basal part of formation consists of two 12 in.

beds of coarse clayey sand and fine-grained gravel
separated by several feet of black clay; sand layers
are poorly-sorted, and contain mica, shell fragments,
and shark teeth. \

Lag Bed: sand ‘ 157
UNCONFORMITY 1 164
Sandy Clay: fine to very coarse, poorly-sorted, 164

angular quartz sand in dense pale-green clay
matrixs accessory minerals include abundant pyrite,
mica, garnets, and dark heavy minerals; unit Es
fairly uniform with the exception of a 6-in. thick
sand bed at 160 ft; top of unit is marked by
pyrite-filled fracturess; coarse 18 in. sand and
gravel bed base.

72

Thickness
(feet)

33

119



APPENDIX A--Continued

Descriptive logs of cores from U.S. Geological Survey wells installed
during this investigation.

Depth  Thickness

(feet) (feet)

Site: Railway-1
Altitude of land surface: 163 ft

UNCONFORMITY 192 -
Sandy Clay: fine to medium, moderately-sorted, 192 28

sub-angular quartz sand in white kaolin matrix;
accessory minerals include abundant pyrite, lignite,
pyritized lignite, mica, and dark heavy minerals;
some clay layers are pale-gray/green to dark gray
(generally below 179 ft); carbonaceous clays are
well-laminated.

Sand: fine to very coarse, poorly-sorted, angular 216 24
quartz sand in a kaolin matrix; accessory minerals

include large mica, garnets, feldspar, monazite,

pyrite, dark heavies, and abundant lignite (large

gragment at 196 ft); matrix is high in dispersed

carbon and sand is very loose below 196 ft;

evidence of crossbedding in cores.

Clayey Sand: fine to coarse, moderately sorted, 231 15
sub-angular quartz in med. gray kaolin matrix;

accessory minerals include large micas, garnet,

monazite, lignite, and fine dark heavies. Thin

bedding, no evidence of crossbeds.

Altitude of
measuring point

Screen depths

(feet above

(feet) sea level)
Railway-1A (SU 316) 190 to 220 166.90
Railway-18 (SU 317) 159 to 161.5 166.61
Railway-1C (SU 318) 149 to 159 166.80
Railway-1D (SU 319) 20 to 30 166.58
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APPENDIX B
Physical properties of corL samples
[--, indicates data not available; OC, indicates opalinei claystone confining unit; SDL, indicates
confining zone in the Lang Syne-Sawdust Landing aquifer; , Peedee confining unit ; BC, Black
Creek confining uni

well Sample water Dry Specific  Porosity Hydraulic Hydrologic
number depth content density gravity (percent) conductivity unit
(feet (percent) (pounds | (feet per
below per i day)
land cubic
surface) (feet) ’
Rimini-1A 72 15.6 113.5 2.56 29.0 8.2 x 107 SDL
Rimini-1A 98 18 107.2 2.63 34.7 1 x107° PO
Rimini-1A 214 29.6 93.2 2.56 39.7 1.2 x 107* B
Rimini-1A 248 30.1 90.9 2.54 42.7 1.7 x 1078 B
|
Lake Marion-1A 41 18.2 108.5 2.6 33.1 8.1 x 1073 SDL
Lake Marion-l1A 64 19.5 103.7 2.58 35.6 8.4 x 107" SDL
Lake Marion-1A 78 16.4 114.9 2.59 28.9 1.3 x 107% PD
Lake Marion-1A 68 31.2 91.8 2.6 43.7 3.6 x 107" BC
Manchester-1A 48 62.2 60 - - 4.3 x 107° oc
Manchester-1A 112 15.3 118.7 - - 5.4 x 107° SDL
Manchester-1A 139 23.8 101.6 - i - 1.3 x 107° PD
Manchester-1A 221 28 101 - - 2.8 x 107! B
Lake Marion-2A 20 23.5 96 - - 2.6 x 107} SDL
Lake Marion-2A 25 20.8 107.7 - - 6.2 x 107" SDL
Railway-1A 158 17.8 106.1 - - 1.2 x 107" SDL
Railway-1A 164 18.2 109.8 - - 3.1 x 107} PD
Railway-1A 177 27.9 96.4 - - 1.3 x 10 PD
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APPENDIX C

Table C-1.--Major constituents and properties of ground-water samples, October 1988 through February 1990

[A11 concentrations are for dissolved species and reported in milligrams per liter (mg/L) unéfss noted otherwise; uS/cm,
microsiemens per centimeter; <, less than; --~, data not availabl

Concentrations in water for indicated wells and sampling date

Consti- Lake Lake Lake
tuent or Marion Marion Marion Lake Marion Lake Marion
property 1A 1C 10 2A 2B

10/20/88 07/19/89 07/19/89 10/20/88 01/30/90 03/14/91 10/20/88 01/30/90 02/28/50 03/14/91

pH, in 7.3 7.1 8.7 7.1 6.3 7 4.3 4.1 4,1 4.2
units

Specific 116 214 221 240 148 147 740 1,790 1,150 1,130
conduc-
tance,
lab, in
uS/cm

Total alka- 45 85 32 76 - —— <l -— -—— -
linity,
as CaCO3

Total hard- 37 64 61 26 -— -— 190 -_— — -
ness, as
CaC0;

Calcium 1
Magnesium

1 .7 — — 51 — 124.45 -
2 5

Sodium 6.
5
1

7

1 - — 16 — 90.25 _—
20 10 38 — _— 3.5 - 13.8 -

3.5 _— -— 1.8 — .72 -—
.5 .19 .02 47 — _— 74 — 395 -—

Potassium
Iron

Bicarbonate 51 103.2 38 .02 -—- -— -— -— - -

Sulfate 9.7 16 59 33 -— -— 380 -— 1,465 -—

Chloride 1.6 2.3 1.9 3.5 -— -— 8.9 —— 11.86 -—

Silica, as 13 20 6.5 14 -— -— 17 -—- -—- -
Sio,

Ammonia .06 .06 .08 .09 — - .46 -_— — —
nitrogen

Nitrate plus <.l .04 .02 <.l ~— -— <.1 — _— —
nitrite
nitrogen

Nitrate <.02 <.04 <.02 <.02 ~— -— <.02 -— .37 -
nitrogen

Nitrite <.01 <.01 .01 <.01 —~— — <.01 _— ~— ——
nitrogen

Organic <.2 .39 .22 — - - —— — — —
plus
ammonia
nitrogen

Total .09 .07 .05 .11 -— -— .1 — — ——
phosphorus

Orthophos~ .02 .05 .04 .09 _— _— — -— — —
phate
phosphorus

Hydrolyzable .02 .05 .04 .1 — — .01 _— _— -—
plus ortho-
phosphate
phosphorus

Total organic .2 3.7 1.4 1.1 -— -—— 3.7 — -— _—
carbon
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Table C-1.--Major constituents and properties of ground-water samples, October 1988 through February 1990--Continued

[a11 concentrations are for dissolved species and reported in milligrams per liter (mg/L) unéfss noted otherwise; uS/cm,
microsiemens per centimeter; <, less thanj ---, data not availabl

Concentrations in water for indicated wells and sampling date

Manchester Manchester Manchester Manchester

1C

1D

Manchester

1B
12/15/88

09/08/89

09/08/89

1€ 1F
09/08/89 12/15/88

'Rimini

i

5/12/88

Rimini
1E

Rimini Rimini

1C

Rimini
1A

18 1D
05/12/88 05/12/88 05/12/88 05/12/88

pH, in
units
Specific
conduc-
tance,
lab, in
uS/cm
Total alka-
linity,
as CaCO;
Total hard-
ness, as
CaC0;

Calcium
Magnesium
Sodium
Potassium
Iron

Bicarbonate

Sulfate

Chloride

Silica, as
Si0,

Ammonia
nitrogen
Nitrate plus
nitrite
nitrogen

Nitrate
nitrogen
Nitrite
nitrogen
Organic
plus
ammonia
nitrogen
Total
phaspharus
Orthophos-
phate
phasphorus
Hydrolyzable
plus ortho-
phosphate
phospharus

Total organic
carbon

6.7
140

62

1.1
<.01

<.2

5

11.1

936

207

200

79
16

3.9
.01

1.2
.05

.03

.02

.03
<.02

6
179

64

57

4

.4

.09

.05

.02

.03

.21

12

.14

4

5.6 4.8

273 103

4.3 <.1

47

1
5
3.4 9.
9

.14
.08

.07 7.4

.01 <.01

1.6 <.2

.02
<.01

.02

<.2

76

8.1 7.3 7.3 7.4 6.5

191 93 103 180 147

86 32 38 85

42 63

13
2.2

8 19
1.
19 2.
6
1

—

7.3
.03

4.2

7
8
2 11
6
9 16.9

W oowWws
NN

—

100
6.8
1.8

21

100
1.2

32

.05 .03 .07 .1

<.02 <.02 <.02 <.02

<.02 <.02 <.02 <.02 <.01

<.01 <.01 <.01 <.01 .01

.2 <.2 <.2 <.2

.39 .35 .42 .24

.37 .29 .05 .01



Table C-1.--Major constituents and properties of ground-water samples, October 1988
through February 1990--Continued

[Al1 concentrations are for dissolved species and reported in milligrams per liter (mg/L)
unless noted otherwise; uS/cm, microsiemens per centimeter; <, less than; ---, data not
availabl

Consti- Concentrations in water for indicated wells and sampling date

tuent or Railway Railway Railway Railway

property 1A 1B 1C 1D
02/01/89 05/19/89 09/27/89 05/19/89 09/27/89 12/14/88

pH, in 6.7 9.1 9.1 7.1 7.5 5.3
units

Specific 149 88 164 205 276 31
conduc-
tance,
lab, in
uS/cm

Total alka- 59 35 62 98 129.1 2.9
linity,
as CaCOj;

Total hard- 51 28 36.05 140 112.54 4
ness, as
CaC0;

W
(o]
—

Calcium 17 14 13 45
Magnesium 2 .8 .8 5.
Sodium 7.6 18 15 7
Potassium 3.5 6.2 5.7 3
Iron 6

ON 0NN

S
~
A =N
—

Bicarbonate 72 43.2 75 182.

Sulfate 7.5 14 9.6 6.

Chloride 2.5 2.1 2.1 2

Silica, as 19 28 38 27
Sio;

@ W~
e o e
= U >

Ammonia .07 _— 02 -_— <.07 0l
nitrogen

Nitrate plus <.02 -_— .11 -_— .03 .85
nitrite
nitrogen

Nitrate <.02 <.02 .09 <.02 .02 .85
nitrogen

Nitrite <.0l -— .03 -— .01 <.01
nitrogen

Organic .21 -— .52 -— .24 <.2
plus
ammonia
nitrogen

Total .35 -— .03 -— <.02 .02
phosphorus

Orthophos- .21 -— .02 —_— <.01 <.01
phate
phosphorus

Hydrolyzable -— -— .04 —_— <.02 .02
plus ortho-
phosphate
phosphorus

Total organic .5 -— 5.1 -— .8 3
carbon
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Table C-2.--Trace elements concentrations in ground water, October 1988 through February 1990
T

[Al1 concentrations reported in micrograms per liter (ug/L); <, less than; ---, data not availablel

Concentrations in water for indicated wells and sampling date

Consti- Lake Lake Lake
tuent or Marion Marion Marion Lake Marion Lake Marion
property 1A 1C 10 2A |
10/20/88 07/19/89 07/19/89 16,/20/88 01/30/90 [03/14/91 16/2G/88 01/30/90 02/28/90 03/14/91
|
Aluminum <10 400 60 <10 -— —_— 9,900 -— -— -_—
Antimony -— - - - 460 -— -— 360 <400 -
Arsenic <1 <1 1 1 2 -— <1 <2 -— -
Barium 68 <100 <100 27 -_— -— 40 -— 270 -
Boron 50 20 <20 20 -— - 20 _— _— _—
Bromide 26 <10 <10 39 -_— -— 1,100 _— _— _—
Cadmium <1 <1l <1l <1 <5 <10 9 29 18 <10
Chromium <l <1 <1 1 <20 <30 2 <20 70* <30
Copper 1 2 <1 5 <20 -— 52 <20 -— -—
Lead <5 3 <1 <5 70 <5 <5 275 <50 10
Lithium [ 20 20 4 -— [ 5 -— -— -—
Manganese 56 70 10 89 -_— [ 4,700 -— 14,100 -_—
Mercury .6 <.1 <.1 <.l -— [ <.1 <.2 -— -—
Molybdenum <l 6 5 3 -— |- <1 -— _— _—
Nickel -— - -— -— <40 - -_— 210 225 -—
Selenium <1 <l <1 <l <2 p— <1l <2 <2 -—
Silver -— -— - -— <10 _— -— 32 20 -—
Strontium 130 180 180 83 -— - 170 -— -— -—
Vanadium 2 <1 10 2 - -_— 50 -— - -
Zinc 9 - _— 27 64 - 92 250 282 —_—
Manchester Manchester Manchester Manchester Manchester Rimini Rimini Rimini Rimini Rimini
1B 1C 1D 1E 1F 1A 1B 1C 10 1E
12/15/88 09/08/89 05/08/89 09/08/89 12/15/88 05/12/88 05/12/88 05/12/88 05/12/88 05/12/88
Aluminum 20 400 <10 100 80 10 <10 <10 10 <10
Arsenic <1 <1 <1 <1 <1 <1 <1 <1 <l <1
Barium <100 <100 <100 <100 <100 <100 <100 <100 <100 100
Boron <20 30 20 40 <20 .70 <20 <20 <20 <20
Bromide <10 20 120 20 90 i <10 <10 <10 20 30
|
Cadmium 1 <1 <1 <1 2 o<l <1 <1 <1 <1
Chromium 1 <1 <1 <1l <l o<l <l <l <l <1
Copper <1 3 4 3 200 o<l 1 2 2 1
Lead <5 2 <1 2 5 <5 <5 <5 <5 <5
Lithium <10 10 <10 <10 <10 <10 <10 <10 <10 <10
Manganese 80 10 160 360 10 20 50 90 660 489
Mercury <.1 <.1 <.1 <.1 1.4 .6 .1 3 3 <.l
Molybdenum <1 5 1 <1 <1 2 <1 <l 2 <l
Selenium <1 <1 <1 <1 <1 <1 <1 <1 <1 <1
Strontium 180 350 100 70 60 219 120 100 170 1320
vanadium <1 4 <1 7 <1 o<l <l 2 <l <1
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Table C-2.--Trace elements concentrations in ground water, October 1988 through
February 1990--Continued

[All concentrations reported in micrograms per liter (ug/L); <, less than; ---, data
not availabl

Consti- Concentrations in water for indicated wells and sampling date
tuent or Railway Railway Railway Railway
property 18 1C

1A 1D
02/01/89 05/19/89 09/27/89 05/19/89 09/27/89 12/14/88

Aluminum 10 20 30 <10 <10 10
Arsenic <1 <1l <l <1 <1 <1
Barium <100 <100 <100 300 200 <100
Boron <20 <20 <20 <20 <20 <20
Bromide —_— 30 30 10 50 20
Cadmium <1 <1 <1 1 <1 4
Chromium <1 <1 <1 <1 <l 1
Copper <l 1 8 <1 2 5
Lead <5 <5 <1 <5 <1 <5
Lithium <10 20 20 <10 <10 <10
Manganese 36 <10 <10 30 40 <10
Mercury <.l -—- 3 1.4 <l .2
Molybdenum 1 5 2 <1 1 <1
Selenium <1 <1 <1 <1 <1 <1
Strontium 170 210 250 400 320 40
Vanadium 3 <1l <l <1 <l <1

*Uncertainty is associated with this analysis because three split samples showed
differing concentrations rangings from 16 toc 90 ug/L.
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CONVERSION FACTORS AND VERTICAL DATWM

Multiply By To obtain

inch (in.) 25.4 millimeter

inch (in.) 25,400 micrometer

inch per day (in/d) 25.4 millimeter per day

inch per year (in/yr) 25.4 millimeter per year

foot (ft) 0.3048 meter

foot per day (ft/d) 0.3048 meter per day

foot per foot (ft/ft) 1 meter per meter

foot per year (ft/yr) 0.3048 meter per year

cubic foot per day per 0.0929 cubic meter per day
square foot times foot per square meter
oE aquifer thjckness times meter of
(L(ft3/d)/ft2l ft) aquifer thickness

cubic foot per day (ft®/d) 0.0283 cubic meter per day

mile (mi) 1.609 kilometer

gallon (gal) 3.785 liter

acre ' 4,047 square meter

gallon (gal) 0.0038 cubic meter

gallon (gal) 0.0038 millilter

gallon per day (gal/d) 0.0038 cubic meter per day

gallon per acre per day 0.0002 gallons per square

meter per day
pound per square inch (1b/in?) 6.895 kilopascal

Water temperature in degrees Celsius (°C) can be converted to degrees
Fahrenheit (°F) by using the following equation:
°F = 1.8 (°C) + 32

Sea level:s In this report, "sea level®™ refers to the National Geodetic
Vertical Datum of 1929--a geodetic datum derived from a general adjustment
of the first-order level nets of both the United States and Canada, formerly
called Sea Level Datum of 192S.

Specific electrical conductance of water is expressed in microsiemens
per centimeter at 25 °C (pS/cm). This unit is identical to micromhos per
centimeter at 25 °C, formerly used by the U.S. Geological Survey.

Chemical concentration in water is expressed in milligrams per liter
(mgA) and micrograms per liter (ugA).

Transmissivity is in u?its of cubif feet per day per square feet times
feet of aquifer thickness (L(ft3/d)/ft2!ft), abbreviated in this report to
square feet per day (ft2/d).



