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CONVERSION FACTORS, VERTICAL DATUM, AND WELL NUMBERING SYSTEMS 

Multiply BY To obtain 

inch (in.) 2.54 
foot (ft) 0.3048 

mile (mi) 1.609 
acre 0.4047 

foot per day (ft/d) 30.48 
gallons per minute (gal/min) 0.06309 

centimeter 
meter 
kilometer 
square hectometer 
centimeter per day 
liters per second 

Sea level: 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 1929. 

Welf-ArnmberingSystems: For this investigation, the new wells were assigned project numbers (beginning 
with 32 for wells screened in the alluvial aquifer and MS-5 for wells screened in the Memphis aquifer) to 
follow a system begun by Bradley (1988) for the first group of wells installed near the Shelby County landfill. 
For brevity, these numbers were used as the principal numbers for labeling figures, referencing tables, and 
identifying wells in the appendices. For location of the schedules, geophysical logs, and water levels in the 
files, the wells also are identified according to the local numbering system used throughout Tennessee. 

Tennessee District well-numbering system: Wells in Tennessee are identified according to this numbering 
system that is used by the U.S. Geological Survey, Water Resources Division. The well number consists 
of three parts: an abbreviation of the name of the county in which the well is located; a letter designating 
the 7 l/2-minute topographic quadrangle on which the well is plotted; quadrangles are lettered from left 
to right across the county beginning in the southwest corner of the county; and a number generally 
indicating the numerical order in which the well was inventoried. For example, Sh:Q-132 indicates that 
the well is located in Shelby County on the “Q” quadrangle and is identified as well 132 in the numerical 
sequence. 

In table 4 of this report, the U.S. Geological Survey site identification numbers used for computer 
processing of water-quality data are given so that the data for a particular well can be retrieved. This 
number consists of the latitude and longitude of the well and a sequence number (01,02, and so forth) to 
distinguish among several wells located within the same second of latitude and longitude. 

Use of trade names in this report is for identification purposes only and does not constitute endorsement 
by the U.S. Geological Survey. 
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Hydrogeology, Ground-Water Quality, 
and Potential for Water-Supply 
Contamination near the Shelby 
County Landfill in Memphis, 
Tennessee 

By William S. Parks and June E. Mirecki 

ABSTRACT 

An investigation was conducted from 1989 to 199 1 
to collect and interpret hydrogeologic and ground-water- 
quality data specific to the Shelby County landfill in east 
Memphis, Tennessee. Eighteen wells were installed in 
the alluvial and Memphis aquifers at the landfill. 
Hydrogeologic data collected showed that the confining 
unit separating the alluvial aquifer from the Memphis 
aquifer was thin or absent just north of the landfill and 
elsewhere consists predominantly of fine sand and silt 
with lenses of clay. 

A water-table map of the landfill vicinity confirms 
the existence of a depression in the water tab/e north and 
northeast of the landfill and indicates that ground water 
flows northeast from the Wolf River passing beneath the 
landfill toward the depression in the water table. A map 
of the potentiometric surface of the Memphis aquifer 
shows that water levels were anomalously high just north 
of the landfill, indicating downward leakage of water from 
the alluvial aquifer to the Memphis aquifer. 

An analysis of water-quality data for major and 
trace inorganic constituents and nutrients confirms that 
leachate from the landfill has migrated northeastward in 
the alluvial aquifer toward the depression in the water 
table and that contaminants in the alluvial aquifer have 
migrated downward into the Memphis aquifer. 

The leachate plume can be characterized by con- 
centrations of certain major and trace inorganic con- 
stituents that are 2 to 20 times higher than samples from 
upgradient and background alluvial aquifer wells. The 
major and trace constituents that best characterize the 
leachate plume are total organic carbon, chloride, dis- 
solved solids, iron, ammonia nitrogen, calcium, sodium, 
iodide, barium, strontium, boron, and cadmium. 

Several of these constituents (specifically dis- 
solved solids, calcium, sodium, and possibly ammonia 
nitrogen, chloride, barium, and strontium) were detected 
in elevated concentrations in samples from certain Mem- 
phis aquifer wells. Elevated concentrations were 
detected in samples from the Memphis aquifer beneath 
the leachate plume where the confining unit is thin or 
absent. 

The distribution of halogenated alkanes (specifi- 
cally dichlorodifluoromethane and trichlorofluoro- 
methane) and halogenated alkenes (specifically 
1,2-trans-dichloroethene and vinyl chloride) in samples 
from wells screened in both the alluvial and Memphis 
aquifers is similar to the distribution of major and trace 
inorganic constituents that characterize the leachate 
plume. 

The ground-water supply most susceptible to con- 
tamination from the Shelby County landfill is the Sheahan 
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well field of the Memphis Light, Gas and Water Division .

	

INTRODUCTION
This well field is about 5 miles downgradient from the
landfill in the direction of ground-water flow. Based on
an estimated velocity of 0.5 to 1.5 feet per day, ground

	

The Shelby County landfill in east Memphis, Ten-
water would require about 50 to 150 years to travel from

	

nessee (fig. 1) was operated as an open dump for 4 years
the Shelby County landfill to theSheahan wellfield. Given

	

(1968 to 1972) and then as a regulated landfill for 16 years
the time and distance of transport, any contaminants in

	

(1972 to 1988) . It was closed on October 1, 1988 . During its
the ground waterwouldnotlikelypersistto reach this well

	

operation as a regulated landfill, waste disposal was limited
field because ofthe effects ofvariousphysical, chemical,

	

to domestic and municipal wastes; disposal of hazardous
and biological processes, including dilution andadsorp-

	

waste was prohibited (D.C.Newsom, Shelby CountyDepart-
tion .

	

ment of Public Works, oral commun.,1989) .

Figure 1 .-The Shelby County landfill and Memphis Light, Gas and Water Division well fields .



Proposed expansions of the landfill led to investiga- 
tions of an area east of the landfill in 1978 (P.M. Garman, 
Tennessee Department of Health and Environment, written 
commun., 1978) and north of Walnut Grove Road in early 
1986 (J.L. Ashner, Tennessee Department of Health and 
Environment, written commun., 1986). During the investiga- 
tion of the area north of Walnut Grove Road, water levels in 
auger holes and observation wells indicated that the water 
table was depressed to levels below thelow-flow stages of the 
nearby Wolf River--an anomalous condition (J.L. Ashner, 
Tennessee Department of Health and Environment, oral 
commun., 1986). 

The USGS subsequently (1986-87) made a study of 
the ground-water hydrology of the area north and east of the 
Shelby County landfill with emphasis on determining indica- 
tions of leakage (M.W. Bradley, U.S. Geological Survey, 
written commun., 1989). Ground-water data indicated that 
the depression in the water table was centered north and 
northeast of the landfill and was as much as 14 feet below the 
low-flow stages of the Wolf River. Discharge measurements 
made at low flows indicated that the Wolf River loses water 
along a stretch that flows past the landfill on the south and 
west. This local reduction in surface-water flow was inter- 
preted as a loss of water from the Wolf River into the alluvial 
aquifer (M.W. Bradley, U.S. Geological Survey, written 
commun., 1989). Thus, the Wolf River may contribute to the 
north-trending flow of ground water beneath the landfill in 
the alluvial aquifer. 

Water-quality data indicated that contaminants from 
the landfill had entered the alluvial aquifer and were moving 
northward in the ground water toward the depression in the 
water table. The quality of water in the Memphis aquifer 
beneath the depression indicated that uncontaminated 
ground water from the alluvial aquifer had moved downward 
as a result of leakage and had entered the Memphis aquifer 
(M.W. Bradley, U.S. Geological Survey, written commun., 
1989). 

In view of these findings, the Tennessee Department 
of Health and Environment [Tennessee Department of En- 
vironment and Conservation (TDEC) as of 19911 ordered 
Shelby County to submit plans (1) for the application of a 
suitable final cover for the landfill and (2) to conduct a 
ground-water quality assessment (Tennessee Department of 
Health and Environment, written commun., 1988). The 
need to install a monitoring well system around the Shelby 
County landfill and to determine the types and concentra- 
tions of contaminants moving in ground water from the 
landfill resulted in the investigation reported here. The 
investigation was conducted by the USGS from 1989 to 1991 
in cooperation with the Shelby County Department of Public 
Works. 

Purpose and Scope 

This report summarizes information concerning 
ground-water flow and transport of contaminants in the 
alluvial aquifer or upper part of the confining unit from the 
Shelby County landfill toward the depression in the water 
table north and northeast of the landfill. It also summarizes 
information concerning downward leakage and transport of 
contaminants from the alluvial aquifer to the Memphis 
aquifer. The report documents the construction details of 
additional wells installed around the Shelby County landfill 
and presents the geologic, water-level, and water-quality 
data collected. It also summarizes the field work done and 
describes the data collection procedures used for this inves- 
tigation (AppendixA). 
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SITE DESCRIPTION 

The Shelby County landfill is located on the Wolf 
River alluvial plain just south of Walnut Grove Road in east 
Memphis, Tennessee (fig. 1). The landfill is roughly trian- 
gular in shape and covers about 90 acres. It is bounded on 
the north by Walnut Grove Road and on the southwest by a 
levee adjacent to the Wolf River. On the southeast, the 
landfill is surrounded by agricultural land, which belongs to 
the Shelby County Penal Farm. The Wolf River alluvial plain 
is relatively flat with some levees, drainage ditches, and 
intermittent streams. 

The surface of the landfill is at an altitude of about 
285 to 290 feet above sea level, which is about 40 to 45 feet 
higher than the surface of the surrounding Wolf River al- 
luvial plain. The landfill comprises two “lifts” (elevations of 
landfill material and cover) of about 20 to 25 feet each. The 
southeastern part of the landfill is the oldest part, although 
it was the last to be covered by the second “lift.” In the 
northern part, the first “lift” adjacent to Walnut Grove Road 
is being utilized for soccer fields. Near the southeast part of 
the landfill is a lake, which resulted from the excavation of 
clay, silt, and sand for cover material during the early opera- 
tion of the landfill (D.C. Newsom, Shelby County Depart- 
ment of Public Works, oral commun., 1989). 
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HYDROGEOLOGY

Post-Wilcox geologic units underlying the Shelby
County landfill are the alluvium of Quaternary age and the
Memphis Sand of Tertiary age (table 1) . These units com
prise the alluvial andMemphis aquifers . The upper part of
theMemphisSand comprises a confining unit separating the
alluvial aquifer from the main body of theMemphis aquifer.
This confining unit locallymayinclude claybeds in the Cook
Mountain Formation of Tertiary age.

From August to October 1989,18 wells were installed
around the perimeter of the Shelby County landfill and in
adjacent areas (table 2) . These wells are in addition to 37
wells installed in 1986 for an earlier investigation of a larger
area surrounding the landfill (Bradley, 1988). Twelve of the
wells are screened in the alluvial aquifer or the upper part of
the confining unit separating the alluvium from the main
body oftheMemphis aquifer (fig . 2) . Thesewells range from
38.5 to 67.3 feet in depth and were installed by auger
methods. Six of the wells are screened in the Memphis

aquifer (fig . 3) . These wells rangefrom 87.5 to 147.5 feet in
depthandwere installed using the hydraulic-rotary method.
Two additional test holes drilled in the Memphis aquifer
were abandoned and plugged.

Lithologic descriptions of the alluvium, confining
unit, andMemphisSand encountered in the auger holes and
hydraulic rotary test holes drilled in the area of the landfill
are given in Bradley (1988) andAppendices B and C of this
report . Asummary description oflithology and geohydrol-
ogy of the alluvium (alluvial aquifer), confining unit, and
Memphis Sand (Memphis aquifer) follows.

Alluvium

Thealluvium of the Wolf River at the Shelby County
landfill ranges from about 40 to 70 feet in thickness. The
upper 5 to 25 feet generally consist ofsilty clay or clayey silt,
but locally consist of silty fine sand . The lower 25 to 35 feet
consist primarily of sand with some gravel . This lower sand

Table 1.--Post-Wilcax geologic units underlying the Memphis area and their hydrologic significance



Table 2.--Construction datafor 18 wells installed at the Shelby County landfill during this investigation

and gravel grades from fine or medium sand in the upper part
to coarse or very coarse sand with scattered or thin lenses of
gravel in the lower part .

Water-level measurements were made in 33 wells
(fig. 4) screened in the alluvial aquifer or upper part of the
"confining unit" in the area of the Shelby County landfill
during October 1989 (table 3) . From these measurements,
amap was prepared that shows the altitude ofthewater table
in these units (fig . 5) .

This map (fig. 5) indicates that the altitude of the
water table in the alluvial aquifer at wells 2, 32, 33, and 34
(fig . 4) approximates river stage at the nearby streamflow
gaging station on the Wolf River at Walnut Grove Road
(fig. 5) . Just north and northeast of the landfill the map
indicates a depression in the water table (fig. 5) centered
between wells 12 and 38 (fig . 4) . The horizontal component
of ground-water flow is along lines perpendicular to the
contours shown on the water-table map (fig. 5) from higher
altitudes to lower altitudes . Thus, ground-water flow

Confining Unit

beneath the landfill is generally northeast from the Wolf
River towards the depression in the water table . Ground
water also flows into this depression from all other direc-
tions . In the area of the depression, the alluvial aquifer
locally is in direct hydraulic connection with the Memphis
aquifer, and water is leaking downward to the Memphis
aquifer (M.W. Bradley, U.S. Geological Survey, written
commun ., 1989) .

The confining unit separating the water-table
aquifers (alluvium and fluvial deposits) from the Memphis
aquifer in the Memphis area was described previously in
several reports . Graham and Parks (1986) considered that
part of the stratigraphic section between the base of the
water-table aquifers and the top of the first prominent sand
in the Memphis Sand to be the "Jackson-upper Claiborne
confining bed" . This confining unit, the thickness of which
was mapped only in the Memphis urban area, was defined



by Graham and Parks (1986) to include parts ofthe Jackson,
Cockfield, and Cook Mountain Formations .

Parks (1990), in a study of the larger Memphis area,
recognized that the lower part of the "Jackson-upper
Claiborne confining bed," as defined by Graham and Parks
(1986), locally includes thick intervals of clay, silt, and fine
sand that are stratigraphically in the upper part ofthe Mem-
phis Sand. These fine-grained sediments interfinger with
fine to medium or medium to coarse sands in the main body
of the Memphis Sand over short lateral distances. There-
fore, Parks (1990) re-defined the "Jackson Formation-upper
Claiborne Group confining unit" to include only strata in the
Jackson, Cockfield, and Cook Mountain Formations, and
excluded those strata in the upperpart ofthe Memphis Sand.

The Cook Mountain Formation, which is the lower
(and older) of the units comprising the Jackson Formation-
upper Claiborne Group confining unit, directly overlies the
Memphis Sand (table 1) . The Cook Mountain Formation
consists primarily of clay, but locally contains varying
amounts of fine sand (Parks, 1990) . Nevertheless, it com-
prises the most extensive and persistent clay layer in the
Jackson Formation-upper Claiborne Group confining unit
in the Memphis area and, therefore, is the principal confin-
ing unit for the Memphis aquifer .

Based on the test holes drilled during this investiga-
tion, the Cook Mountain Formation probably is thin or
absent in the immediate area of the Shelby County landfill .
The sequence of fine sand, silt, and clay separating the

Figure 2.-Twelve wells installed in the alluvial aquifer or upper part of the confining unit at the Shelby County
landfill during this investigation .



alluvium from the main body of the Memphis Sand is mostly
a discontinuous facies in the upper part of the Memphis
Sand. Therefore, this sequence ofstrata is referredto herein
informally as the "confining unit" for the purposes ofdescrip-
tion and discussion .

At the Shelby County landfill, the confining unit con-
sists of lenses of very fine to fine sand, sandy silt, and silty
clay ranging from 0 to at least 75 feet in thickness (fig. 6;
Appendix C ; Bradley, 1988) . These lenses interfinger with

each other over relatively short distances. In the test hole for
well MS-8 (abandoned) north of Walnut Grove Road about
600 feet north of the landfill, the confining unit was absent
and the alluvium directly overlies the main body of the
Memphis Sand (fig . 6) . In the test hole for well MS-11 on the
south side ofWalnut Grove Road near the northeast corner
of the landfill, the confining unit consisted of only 8 feet of
silty clay (fig . 6 ; Appendix C) . These two test holes indicate
that the confining unit is thin or absent in the areajust north
and northeast of the landfill .

Figure 3. - Eight wells installed in the Memphis aquifer at the Shelby County landfill
during this investigation .



On the south side of Walnut Grove Road near the
northwest corner of the landfill, the test hole for well MS-7
penetrated the confining unit, consisting of 35 feet of silty
clay directly underlying the alluvium at a depth of 47 to
82 feet (fig. 6;Appendix C). This depth is 36 to 71 feet below
the original land surface when adjusted bysubtracting 11 feet
of fill for Walnut Grove Road penetrated at the top of the
test hole .

On the west side of the landfill near the Wolf River,
the confining unit ranged from 50 to 75 feet in thickness in
the test holes for wells MS-1 (Bradley, 1988), MS-9, and
MS-10 (fig . 6; Appendix C). However, the confining unit in
these test holes consisted mostly ofvery fine to fine sand and
sandy silt . The only prominent clay bed penetrated was
24-feet thick in the test hole for well MS-9, at a depth of 67

to 91 feet below land surface. Only about 4 feet ofsilty clay
were penetrated in the test hole for well MS-1 at a depth of
54 to 58 feet .

On the east side of the landfill, the test hole for well
MS-5 penetrated a 64-foot thick confining unit consisting
mostly of sandy silt and silty clay (fig . 6; Appendix C). This
confining unit included a 40-foot thick silty clay at a depth of
60 to 100 feet below land surface.

The most persistent clay bed in the area of the Shelby
County landfill, based on available test hole information, is
at a nearest distance of about 1,200 feet north of the landfill
at well MS-3 in which about 30 feet of silty clay was
penetrated (fig. 6) . As much as 48 feet of silty clay were
penetrated in the auger hole for well 11 and about 35 feet in

Figure 4.-Wells in the alluvial aquifer or upper part of the confining unit in which water levels were measured
during October 1989 .



Table 3.--Water-level datafrom wells screened in the alluvial aquifer orupperpart ofthe confining
unit and in the Memphis aquifer near the Shelby County landfill



the stratigraphic test hole Sh:Q-124 (fig. 6 ; Bradley, 1988,
p. 31) . These clay beds occur directly below the base of the
alluvium or fluvial deposits and overlie the Memphis Sand.

Clay beds underlying the alluvium or fluvial deposits
in wells MS-3, MS-7, MS-11,11 and Sh:Q-124 (fig. 6) may be
the Cook Mountain Formation . If so, because of their posi
tion as related to sands in wells MS-8 and MS-11 and the
sea-level datum, the structural geology of the area may be

complicated by faults . Insufficient test-hole and other infor-
mation is available to conclusively determine the location of
any faults.

Memphis Sand

The upper part of the Memphis Sand locally consists
of interbedded and interlensed fine sand, silt, and clay, as

Figure 5.- Altitude of the water table in the alluvial aquifer or upper part of the
confining unit in the area of the Shelby County landfill, October 1989 .



Figure 6.-Hydrogeologic sections through the area of the Shelby County landfill .



discussed previously. The main body of the Memphis Sand 
consists chiefly of a thick section of sand that includes sub- 
ordinate lenses or beds of clay and silt at various horizons. 
Sands in the main body range from very tine to very coarse 
and also are interbedded and interlensed. Locally, the coar- 
ser sands in the main body of the Memphis Sand interfinger 
with finer sediments in the upper part and locally extend 
upward to the top of the Memphis Sand. The Memphis Sand 
at the Shelby County landfill is estimated to be about 725 feet 
thick, based on a map of the generalized thickness of the 
Memphis Sand in western Tennessee (Parks and Car- 
michael, 1990). ,. 

The geophysical log made in the test hole for well 
Sh:Q-152, located about 2,000 feet east-northeast of the 
landfill (fig. 6), indicated that the top of the main body of the 
Memphis Sand is at a depth of 80 feet below land surface or 
about 180 feet above sea level. This test hole was drilled to 
a depth of about 375 feet below land surface. Well Sh:Q-152, 
screened from 290 to 350 feet below land surface, was in- 
stalled to supply water for a recreational lake formed as a 
result of the excavation of material to cap the landfill. 

Based on the map for western Tennessee (Parks and 
Carmichael, 1990), the base of the Memphis Sand would be 
at an altitude of about 550 feet below sea level near the 
landfill. If so, the Memphis Sand would be about 730 feet 
thick at well Sh:Q-152, which is in agreement with the 
725-foot thickness estimated from the map of Parks and 
Carmichael (1990). Thus, this information about thickness 
of the Memphis Sand, although generalized and open to 
verification, supports the idea that the clay beds underlying 
the alluvium north of the landfill may be the Cook Mountain 
Formation. In well Sh:Q-152, the Cook Mountain would be 
about 34 feet thick (46 to 80 feet in depth below land sur- 
face). 

Water-level measurements were made in nine wells 
(fig. 7) in the Memphis aquifer in the area of the Shelby 
County landfill during October 1989 (table 3). From these 
measurements and estimates utilizing an earlier poten- 
tiometric map (Parks, 1990) a map was prepared that shows 
the altitude of the potentiometric surface of the Memphis 
aquifer in October 1989 (fig. 8). 

The direction of ground-water flow in the area of the 
landfill is generally westward, based on an interpretation of 
this map (fig. 8). A comparison of the map showing the 
altitude of the alluvial aquifer water table (fig. 5) with the 
altitude of the potentiometric surface in the Memphis 
aquifer (fig. 8) indicates a head difference favoring 
downward leakage from the alluvial aquifer or upper part of 
the confining unit to the Memphis aquifer. The altitude of 
the potentiometric surface of the Memphis aquifer (fig. 8) in 
the area of the Shelby County landfill also suggests that 

downward leakage from the alluvial aquifer to the Memphis 
aquifer has caused a “mounding” effect at the landfill, par- 
ticularly at wells MS-7 and MS-12 (fig. 7). Water-levels in 
these wells seem to be anomalously high. 

GROUND-WATER QUALITY 

Water-quality samples were collected from 31 wells 
near the Shelby County landfill during October 1989 (&en- 
di.x A). Twenty-two of these wells (fig. 9; table 4) are 
screened in the alluvial aquifer or upper part of the confining 
unit, and 9 wells (fig. 10; table 4) are screened in the Mem- 
phis aquifer. These water samples were analyzed for major 
and trace inorganic constituents, nutrients, and synthetic 
organic compounds (volatiles and extractables). Analyses of 
the water from 14 wells in the alluvial aquifer or upper part 
of the confining unit, and 8 wells in the Memphis aquifer 
indicated that the ground water contained synthetic organic 
compounds or relatively high concentrations of trace inor- 
ganic constituents. These 22 wells were resampled during 
June and July 1990 (table 4) to verify the results of the first 
round of sampling and to obtain additional water-quality 
data for major inorganic constituents and nutrients. 

In the discussion that follows (and in tables 9 and lo), 
reference is made to maximum contaminant level (MCL) in 
drinking water. The TDEC is the regulatory agency that 
determines these levels for the State of Tennessee (Ten- 
nessee Department of Health and Environment, 1988). The 
TDEC follows many of the MCL’s established by the 
USEPA (U.S. Environmental Protection Agency, 1986). 
Therefore, for the discussion of trace inorganic constituents 
and synthetic organic compounds, reference is made to 
MCL’s of both the Tennessee Department of Health and 
Environment (TDHE) and the USEPA. 

Major Inorganic Constituents and Nutrients 

Water-quality properties and concentrations of 
major inorganic constituents and nutrients were determined 
for samples from wells screened in the alluvial aquifer and 
upper part of the confining unit (table 5). A comparison of 
these water-quality data between the two sampling periods 
(October 1989, and June and July 1990) shows some 
variability. Concentrations of major inorganic constituents 
and nutrients typically vary by 5 to 20 percent between sam- 
pling periods. 

Spatial differences in ground-water quality in the 
alluvial aquifer or upper part of the confining unit near the 
Shelby County landfill can be attributed to different sources 
of ground-water flowing through the landfill. Contributions 
to ground-water flow in this aquifer include recharge from 
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precipitation and (to a lesser degree) inflow to the alluvial
aquifer from the Wolf River.

For analysisoftheground-water qualityin the alluvial
aquifer or upper part of the confining unit, wells 4A and 7
(fig. 9) serve as background stations that are located inareas
whereground-water flow(fig. 5) is toward theShelby County
landfill. The water-quality data for these wells do not indi-
cate contamination from the landfill. Wells 2, 32, 33, and 34
(fig. 9) serve as upgradient stations prior to passage of
ground water beneath the landfill . Wells 26, 27, 31, 38, 39,
and 40 (fig. 9) serve as downgradient sampling stations for
determination of ground-water quality after passage of
ground water beneath the landfill . Other alluvial aquifer
wells sampled during this investigation serve as wells to

detect contamination emanating from the landfill. Bar
graphs provide comparisons ofmajor inorganic constituents
and nutrients among background, upgradient, and
downgradient wells (fig . 11) .

The most significant effect on ground-water quality in
the alluvial aquifer or upper part of the confining unit is
shown by the water-quality data from wells26 and 27 and (to
a lesser degree) from wells 31, 38, 39, and 40 (fig. 9 ; table 5) .
Water from downgradient wells 26, 27, 31, 38, 39, and 40 has
concentrations of total organic carbon, chloride, dissolved
solids, iron, ammonia nitrogen, calcium, sodium, potassium,
and iodide commonly 2 to 10 times higher than concentra-
tions detected in water from background and upgradient
wells (fig . 11) . Samples having maximum concentrations of

Figure 7.-Wells screened in the Memphis aquifer in which water levels were measured during October 1989.



these constituents at the Shelby County landfill (table 5)
were all obtained from downgradient wells . These
downgradient maxima exceed previously published maxi-
mum concentrations for chloride [12 milligrams per liter
(mg/L)], total dissolved solids (652 mg/L), and iron [24,000
micrograms per liter (ug/L)] in samples from 11 wells
screened in the alluvial aquifer in the Memphis area
(Brahana and others, 1987, table 2) .

The geochemical composition of leachate plumes
from sanitary landfills have been characterized elsewhere.
Borden and Yanoschak (1990) observed elevated total or
ganic carbon and dissolved solids concentrations (among
other constituents) in leachate from sanitary landfills in

North Carolina . Increased iron, potassium, magnesium,
sodium, chloride, and ammonia nitrogen concentrations
were observed in sanitary landfill leachate flowing through
sandy sediments (Nicholson and others, 1983 ; Domenico
and Schwartz, 1990) . Elevated concentrations of total or-
ganic carbon, total dissolved solids, and ammonia nitrogen
can result from subsurface microbial oxidation of organic
matter . High dissolved iron concentrations can result from
reduction offerriciron and subsequent dissolution offerrous
iron.

Total organic carbon, chloride, dissolved solids, iron,
ammonia nitrogen, calcium, sodium, and iodide are themost
likely tracers for the leachate plume emanating from the

Figure 8. -Altitude of potentiometric surface of the Memphis aquifer in the area
of the Shelby County landfill, October 1989.



Shelby County landfill . Other major inorganic constituents
such as manganese, silica, fluoride, and bromide were ex-
amined to determine their suitability as geochemical tracers,
but these constituents in samples from the alluvial aquifer or
upper part ofthe confining unit showed no systematic varia-
tionbetween the wells within theplume and unaffected areas
(fig. 11) . In addition, maximum concentrations of silica
(37 mg/L) and fluoride (0.7 mg/L) reported forsamples from
11 wells screened in the alluvial aquifer in the Memphis area
(Brahana and others, 1987, table 2) are greater than those
values detected in samples from downgradient plume wells
(table 5) .

ROAD

Nutrient (nitrite plus nitrate, phosphorous, phos-
phate, and sulfate) concentrations typically show variability
of 20 percent between sampling periods (October 1989, and
June and July 1990) . No systematic variation was observed
in concentrations of any nutrient among samples from back-
ground, upgradient, and downgradient plume wells screened
in the alluvial aquifer or upper part of the confining unit
(fig . 11) . The highest concentration of nitrite plus nitrate
observed in the alluvial aquifer or upper part ofthe confining
unit (1.6 mg/L) is well below the nitrite plus nitrate con-
centration (44 mg/L) cited as a health risk (Hem, 1985) . In
addition, nitrite plus nitrate concentrations are well below

Figure 9.-Wells screened in the alluvial aquifer or upper part of the confining unit sampled for water quality during
this investigation.



Table 4.- Wells sampledfor water-quality analysis near the Shelby County landfill

[-- indicates that the well was not sampled in the summer 1990]

the drinking water MCL for nitrate of10.0 mg/L (Tennessee
Department of Health and Environment, 1988 ; U.S . En-
vironmental Protection Agency, 1986) .

Sulfate concentrations inthe alluvial aquifer or upper
part of the confining unit near the Shelby County landfill
commonly exceed the maximum concentration of 33 mg/L
reported previously for samples from 11 wells screened in
the alluvial aquifer in the Memphis area (Brahana and
others, 1987, table 2) . However, maximum sulfate con-

centrations (ranging from 60 to 170 mg/L) in wells 7,8A, 20,
30, and 35 near the landfill are not associated with the
leachate plume; instead, these wells with high sulfate con-
centrations are located in open fields in agricultural areas
away from the landfill. Elevated sulfate concentrations are
typically associated with surface and ground water in regions
receiving acidicprecipitation, or water affected bybiological
activity (Hem, 1985; Drever,1988) . High sulfate concentra-
tions near Shelby County landfill cannot be attributed solely
to leachate contamination .



Figure 10.-Wells screened in the Memphis aquifer sampled for water quality during this investigation .

Water-quality properties and concentrations of
major inorganic constituents and nutrients were determined
for samples from wells screened in the Memphis aquifer
(table 6) . A comparison ofthesewater-quality data between
the two sampling periods (October 1989, and June and July
1990) shows that the variability was commonly less than
10 percent for all constituents except for concentrations of
total organic carbon, ammonia nitrogen, iron, and man-
ganese, which vary 25 percent or more (table 6) . Variations
in water quality for samples from wells screened in the
Memphis aquifer can result from downward leakage of
ground water from the overlying alluvial aquifer to the Mem-
phis aquifer where the confining unit is thin or absent .

For analysis of the ground-water quality data for the
Memphis aquifer, wells Sh:Q-88, MS-4, and MS-5 (fig. 10)
serve as backgroundstations that are located in areas where

ground water in the Memphis aquifer flows toward or past
the Shelby County landfill (fig. 8) . Wells MS-2, MS-9, and
MS-10 serve as downgradient stations that are on the west
side of the landfill in the direction of ground-water flow in
the Memphis aquifer (fig. 5) . Wells MS-7, MS-11, and
MS-12 serve as leachate plume stations that are located in
the general area where contaminants have been detected in
the alluvial aquifer or upper part of the confining unit . Bar
graphs provide comparisons of major inorganic constituents
and nutrients in background, downgradient, and leachate
plume wells (fig. 12) .

Dissolved solids, calcium, sodium, and possibly am-
monia nitrogen and chloride concentrations are elevated
significantly in samples from Memphis aquifer plume wells
MS-7, MS-11, MS-12 when compared to background and
downgradient wells (fig. 12) . Maximum concentrations of



Table 5.--Water-quality properties and concentrations of nutrients, major inorganic constituents, and
trace inorganic constituents in samples from wells screened in the alluvial aquifer or upper part of
the confining unit near the Shelby County landfill

[MG/L, milligrams per liter ; UG/L, micrograms per liter ; DEG C, degrees Celsius; US/CM, microsiemens per
centimeter . Values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 5 .--Water-quality properties and concentrations of nutrients, major inorganic constituents, and

trace inorganic constituents in samples from wells screened in the alluvial aquifer or upper part of

the confining unit near the Shelby County landfill--Continued

[MG/L, milligrams per liter; UG/L, micrograms per liter; DEG C, degrees Celsius; US/CM, microsiemens per

centimeter . Values given as < (less than) indicate that the concentration was below the level of detection for

the analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 5 .--Water-quality properties and concentrations of nutrients, major inorganic constituents, and
trace inorganic constituents in samples from wells screened in the alluvial aquifer or upper part of
the confining unit near the Shelby County landfill--Continued

[MG/L, milligrams per liter; UG/L, micrograms per liter; DEG C, degrees Celsius; US/CM, microsiemens per
centimeter . Values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data)



Table 5-Water-quality properties and concentrations of nutrients, major inorganic constituents, and
trace inorganic constituents in samples from wells screened in the alluvial aquifer or upper part of
the confining unit near the Shelby County landfill--Continued

[MG/L, milligrams per liter; UG/L, micrograms per liter; DEG C, degrees Celsius; US/CM, microsiemens per
centimeter . Values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a constituent ; --, indicate no data]



Table 5-Water-quality properties and concentrations of nutrients, major inorganic constituents, and
trace inorganic constituents in samples from wells screened in the alluvial aquifer or upper part of
the confining unit near the Shelby County landjill--Continued

[MGAL, milligrams per liter; UGAL, micrograms per liter; DEG C, degrees Celsius; US/CM, microsiemens per
centimeter. Values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]

07-05-90 31,000 2,100 < 1 < 0.1 < 10 11 < 1.0



Figure 11 .-Mean values of concentrations of selected major and trace inorganic constituents and nutrients in

samples from background, upgradient, and downgradient wells screened in the alluvial aquifer or upper part of

the confining unit near the Shelby County landfill .



Table 6 . --Water-quality properties and concentrations

	

of nutrients, major inorganic

	

constituents,

	

and

	

trace
inorganic constituents in samples from wells screened in the Memphis aquifer near the Shelby County landfill

[MGAL, milligrams per liter ; UG/L, micrograms per liter ; DEG C, degrees Celsius ; US/CM, microsiemens per
centimeter. Values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a constituent ; --, indicate no data]



Table 6 . --Water-quality properties and concentrations of nutrients, major inorganic constituents,

	

and trace
inorganic constituents in samples from wells screened in the Memphis aquifer near the Shelby County landfill

--Continued

[MG/L, milligrams per liter; UG/L, micrograms per liter; DEG C, degrees Celsius; US/CM, microsiemens per
centimeter . Values given as < (less than) indicate that the concentration was below the level of detection for
the analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]
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dissolved solids (362 mg/L), ammonia nitrogen (3.00 mg/L), 
chloride (64 mg/L), sodium (48 mg/L), and iron (3.4 mg/L) 
were detected in samples from Memphis aquifer well MS-11 
(table 6). These values exceed maximum concentrations for 
dissolved solids (333 mg/L, mean value from 99 wells), 
sodium (22 mg/L from 101 wells), and chloride (10 mg/L 
from 98 wells) previously published for the Memphis aquifer 
in western Tennessee (Parks and Carmichael, 1990, table 2) 
and in the Memphis area (Brahana and others, 1987, table 2). 
In addition, dissolved solids concentrations in samples from 
Memphis aquifer wells MS-7, MS-l& and MS-12 are sig- 
nificantly higher than dissolved solids concentrations 
detected in samples from other nearby Memphis aquifer 
wells, which range from 35 to 61 mg/L (Brahana and others, 
1987, fig. 6). 

Total organic carbon concentrations were relatively 
high in samples from wells within the plume in the alluvial 
aquifer, but maximum total organic carbon values were not 
detected in samples from Memphis aquifer leachate plume 
wells MS-7, MS-l& and MS-12. Maximum total organic 
carbon concentrations (ranging from 70 to 90 mg/L) were 
detected in samples from Memphis aquifer wells MS-2 and 
MS-g, respectively (table 6). The lithologic log for MS-l, 
which is near MS-2, indicated some lignite associated with a 
clay bed just above the screened interval (Bradley, 1988, 
p. 28), and well MS-9 includes a thin lignite bed at the bottom 
of the screened interval (Appendix C). These lignite beds 
could be a source of organic carbon that contributed to the 
high total organic carbon concentrations in samples from 
these wells. 

Water-quality data from wells MS-7, MS-11, and 
MS-12 are particularly significant for indicating transport of 
chemical constituents between the alluvial and Memphis 
aquifers. Eight major inorganic constituents characterize 
the leachate plume in samples from wells 26,27,31,38,39, 
and 40 screened in the alluvial aquifer or upper part of the 
confining unit. Of these eight, three constituents (dissolved 
solids, chloride, and sodium) show concentrations in 
samples from Memphis aquifer wells MS-7, MS-11, and 
MS-12 that exceed maxima previously published (Parks and 
Carmichael, 1990, table 2; Brahana and others, 1987, table 2) 
and are higher than background concentrations reported for 
samples from wells Sh:Q-88 and MS-4. Memphis aquifer 
wells MS-7, MS-11, and MS-12 are separated from the 
overlying alluvium by a confining unit that ranges from 0 foot 
(MS-12, Appendi C) to 35 feet (MS-7, Appendix C) in 
thickness. Apparently, certain constituents (specifically dis- 
solved solids, sodium, chloride, and possibly ammonia 
nitrogen) from the alluvial aquifer have migrated into the 
Memphis aquifer by downward leakage where the confining 
unit is thin or absent. 

Nutrient (nitrite plus nitrate, phosphorous, phos- 
phate, sulfate) concentrations in samples from the Memphis 
aquifer do not clearly indicate downward migration from the 
alluvial aquifer. Nitrite plus nitrate concentrations in 
samples from the Memphis aquifer near the Shelby County 
landfill are low (maximum value of 1.2 mg/L) and well below 
the drinking water MCL for nitrate of 10.0 mg/L (Tennessee 
Department of Health and Environment, 1988; U. S. 
Environmental Protection Agency, 1986). Phosphorous and 
phosphate concentrations in samples from the Memphis 
aquifer do not exceed 0.12 mg/L. These concentrations 
generally are 50 percent lower than phosphorous and phos- 
phate concentrations in samples from the alluvial aquifer and 
upper part of the confining unit. 

Sulfate concentrations (1.5 to 37 mg/L) in most 
samples from Memphis aquifer wells near the Shelby County 
landfill (table 6) are consistent with the range in concentra- 
tions (0.2 to 30 mg/L) in samples from 105 wells in the 
Memphis aquifer in the Memphis area (Brahana and others, 
1987, table 2) and the range in concentrations (0.2 to 27 
mg/L) in samples from 192 wells in western Tennessee 
(Parks and Carmichael, 1990, table 2). Elevated sulfate con- 
centrations (62 and 64 mg/L) are observed only in samples 
from Memphis aquifer well MS-12, but this anomaly cannot 
be interpreted as a leachate effect because sulfate concentra- 
tions are significantly lower in the overlying alluvial aquifer. 

Trace Inorganic Constituents 

Concentrations of trace inorganic constituents were 
determined for samples from wells screened in the alluvial 
aquifer or upper part of the confining unit (table 5) and in 
the Memphis aquifer (table 6). Trace inorganic constituent 
data were interpreted in the same manner as the major 
inorganic constituents and nutrients data. Therefore, the 
same wells were used as background, upgradient, and 
downgradient wells for the alluvial aquifer or upper part of 
the confining unit (fig. 11) and as background, 
downgradient, and leachate plume wells for the Memphis 
aquifer (fig. 12). 

Barium, strontium, boron, and cadmium concentra- 
tions are significantly higher in samples from wells associated 
with the leachate plume in the alluvial aquifer or upper part 
of the confining unit. On average, barium and strontium 
concentrations (fig. 11) are 5 times higher in samples from 
downgradient wells 26,27,31,38,39, and 40 than in samples 
from background wells (4A, 7) and upgradient wells (2,32, 
33, 34). Barium concentrations in samples from these 
downgradient alluvial aquifer wells range from 23 to 
1,4OO~g/L, with the maximum concentrations reported in 
samples from wells 26 and 27 (table 5). These maxima 
exceed the MCL of l,OOO,@L in drinking water (Tennessee 
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Department of Health and Environment, 1988; U.S. En- 
vironmental Protection Agency, 1986). Strontium con- 
centrations in samples from alluvial aquifer wells 26,27,31, 
38,39, and 40 range from 120 to 800 ,ug/L; maximum con- 
centrations of strontium were measured in samples from 
well 27 (table 5). 

Barium and strontium concentrations measured in 
samples from wells screened in the alluvial aquifer or upper 
part of the confining unit near Shelby County landfill are 
within the ranges reported previously for eight wells 
screened in the alluvial aquifer in the Memphis area 
(McMaster and Parks, 1988, table 2). However, the ranges 
of barium concentrations (41 to 1,400 pg/L) and strontium 
concentrations (28 to 1,100 ,@L) reported by McMaster 
and Parks (1988, p. 13) may include data from a con- 
taminated well. A map showing the distribution of natural 
barium concehtrations in the alluvial aquifer in the Memphis 
area suggests that natural barium concentrations should be 
less than 50,ug.K near the Shelby County landfill (McMaster 
and Parks, 1988, fig. 4). Barium concentrations near the 
Shelby County landfill exceed 5O,@L in samples from 17 of 
22 wells screened in alluvial aquifer or upper part of the 
confining unit (table 5). 

Elevated boron concentrations in downgradient 
plume wells 26, 27,31, 38, 39, and 40 in the alluvial aquifer 
or upper part of the confining unit also are apparently char- 
acteristic of leachate. On average, boron concentrations are 
20 times higher in samples from downgradient wells 26,27, 
31, 38, 39, and 40 than in background or upgradient wells 
(fig. 11). Boron concentrations in samples from these wells 
range from 20 to 92O,ug/L, with the maximum concentrations 
reported from well 27 (table 5). High boron concentrations 
are characteristic of hydrothermal systems and evaporite 
deposits (Hem, 1985), neither of which affect ground water 
composition near the Shelby County landfill. 

Cadmium concentrations are approximately 4 times 
higher in samples from downgradient wells 26,27,31,38,39, 
and 40 when compared to data from upgradient and back- 
ground wells (fig. 11). Cadmium concentrations in samples 
from these wells range from less than 1.0 to 32 pg/L, with 
maximum concentrations of 11 and 32 ,Q$L detected in 
samples from wells 26 and 39, respectively (table 5). These 
maxima exceed the MCL of lO,@L for drinking water (Ten- 
nessee Department of Health and Environment, 1988; U.S. 
Environmental Protection Agency, 1986). Cadmium is used 
in the manufacture of pigments and plastics, and is often 
found associated with buried waste (Hem, 1985). 

Elevated selenium concentrations (17 and 20 ,@L) 
were detected in samples from well 30 (table 5). These 
concentrations exceed the MCL of 10 ,@L for selenium in 
drinking water (Tennessee Department of Health and En- 

vironment, 1988; U.S. Environmental Protection Agency, 
1986). Selenium is a relatively rare element. Of many 
analyses of surface and ground water from widely distributed 
sources in the United States, selenium concentrations rarely 
exceeded 1 pg/L (Hem, 1985). 

Concentrations of trace inorganic constituents were 
determined for water samples from wells screened in the 
Memphis aquifer (table 6). Concentrations of barium, 
strontium, boron, and cadmium are lower in samples from 
the Memphis aquifer than in the overlying alluvial aquifer. 
On average, concentrations of boron and cadmium in the 
Memphis aquifer are equal to background concentrations in 
the alluvial aquifer. 

Barium concentrations in all samples from Memphis 
aquifer wells ranged between 27 and 150 @L (table 6), 
which is within the range of concentrations (0 to 644,@L) 
for samples from 46 wells screened in the Memphis aquifer 
in Shelby County (Parks and Carmichael, 1990, table 3). 
Average barium concentrations are higher in samples from 
downgradient and leachate plume wells than from back- 
ground wells in the Memphis aquifer (fig. 12) although the 
difference among data from background, downgradient, and 
leachate plume wells is not statistically significant. 

Strontium concentrations in samples from all Mem- 
phis aquifer wells range between 27 and 25O,@L (table 6), 
which is within the range of concentrations (13 to 27O@L) 
for samples from seven wells screened in the Memphis 
aquifer in Shelby County (Parks and Carmichael, 1990, 
table 3). As with barium, average strontium concentrations 
are higher in samples from downgradient and leachate 
plume wells than background wells in the Memphis aquifer 
(fig. 12), although the difference among data from back- 
ground, downgradient, and leachate plume wells is not statis- 
tically significant. 

The maximum barium concentration (150 ,@L) was 
detected in a sample from well MS-g. The greatest strontium 
concentrations (ranging from 100 to 250 pug/L) are as- 
sociated with Memphis aquifer wells MS-7, MS-g, MS-11, 
and MS-12. However, these strontium concentrations in 
Memphis aquifer samples are not uncommonly high when 
compared to the median value of 110 ,ug/L reported for 
larger U.S. public water supplies (Hem, 1985). 

Concentrations of barium and strontium are at least 
50 percent lower in samples from the Memphis aquifer than 
in the overlying alluvial aquifer. However, it is unclear if 
these trace inorganic constituents serve as a tracer for the 
leachate plume emanating from the landfill. Alluvial aquifer 
samples showing maximum barium and strontium con- 
centrations are not always adjacent to Memphis aquifer 
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samples showing maximum barium and strontium con- 
centrations, even in the absence of the confining unit. 

Boron concentrations in all samples from Memphis 
aquifer wells range from less than 10 to 80 lug/L (table 6), 
which is approximately an order of magnitude lower than 
concentrations found in the overlying alluvial aquifer. Cad- 
mium concentrations are all 1.0 pg/L or lower in samples 
from the Memphis aquifer (table 6), indicating that cad- 
mium contamination in the overlying alluvial aquifer has not 
reached the Memphis aquifer. 

Synthetic Organic Compounds 

Concentrations of synthetic organic compounds were 
detected in samples from wells screened in the alluvial 
aquifer or upper part of the confining unit (table 7) and in 
samples from wells screened in the Memphis aquifer 
(table 8). Twenty-two synthetic organic compounds were 
measured in samples from 14 wells screened in the alluvial 
aquifer or upper part of the confining unit (table 9), and 18 
synthetic organic compounds were measured or detected in 
samples from 8 wells screened in the Memphis aquifer 
(table 10). Sixteen of the same compounds detected in the 
alluvial aquifer or upper part of the confining unit were 
detected in the Memphis aquifer. All of these compounds 
are volatile organic compounds except for bis(Zethyl- 
hexyl)phthalate, which is a base-neutral extractable com- 
pound detected in two samples from wells in the Memphis 
aquifer. Samples from some wells indicate that a compound 
was measured in the first or second sample, but not in both 
samples (tables 9 and 10). The measurement limit for the 
gas-chromatography/mass spectrometry method used for 
analysis of the volatile organic compounds was 0.20 or 
0.2,ug/L; that for the base-neutral and acid extractable 
organic compounds varied among compounds from less than 
5 to 30/q/L. 

Interpretation of the data for synthetic organic com- 
pounds was conducted in a different manner than interpreta- 
tion of the data for the major and trace inorganic constituents 
and nutrients. Synthetic organic compounds are not dis- 
tributed widely in either the alluvial aquifer or upper part of 
the confining unit, or the Memphis aquifer. Consequently, 
it is not possible to clearly characterize upgradient, 
downgradient, or leachate plume wells using synthetic or- 
ganic compounds, because samples from the majority of 
wells show concentrations below the detection level. In- 
stead, the degree of contamination by synthetic organic com- 
pounds near the Shelby County landfill is interpreted by 
using sums of synthetic organic compounds at specific wells. 
The distribution of these synthetic organic compounds is 
considered in the context of trends observed in major and 
trace inorganic constituents and nutrients data. 

Data for volatile organic compounds are tabulated 
(tables 9 and lo), and their distributions are plotted (fig. 13 
and 14). For these illustrations, the volatile organic com- 
pound data have been grouped into three sets based on 
similar chemical structure: (1) substituted ring compounds, 
consisting of benzene molecules with chlorine, methyl or 
ethyl groups; (2) halogenated alkanes, consisting of simple 
chain hydrocarbon molecules substituted with chlorine or 
fluorine; and (3) halogenated alkenes, consisting of more 
complex, double-bonded hydrocarbon chains substituted 
with chlorine or ether groups. 

Relatively high concentrations of volatile organic 
compounds were detected in samples from the alluvial 
aquifer or upper part of the confining unit collected from 
wells 20,26,27,31,37,38,39, and 40 on the north margin or 
north of the landfill (fig. 13). These wells are downgradient 
in the direction of ground-water flow from the landfill 
northward toward the center of the depression in the water 
table (fig. 5). 

Substituted ring compounds [specifically benzene, 
chlorobenzene, and dichlorobenzenes (12-dichlorobenzene 
plus 1,4-dichlorobenzene)] were detected in high concentra- 
tions in samples from downgradient wells 26,27,31,38,39, 
and 40 screened in the alluvial aquifer or upper part of the 
confining unit (fig. 13). One analysis from well 38 showed a 
benzene concentration (5.8 ,Q/L, table 9) that exceeds the 
Federal and State MCL of S.Opg/L (Tennessee Department 
of Health and Environment, 1988; U.S. Environmental 
Protection Agency, 1986). Analyses of samples from wells 
26 and 27 showed the highest sums of substituted ring com- 
pound concentrations, both exceeding 8.0 &L (fig. 13). 
Substituted ring compounds are used commonly as industrial 
solvents (Smith and others, 1988). 

Halogenated alkanes were detected in highest con- 
centrations in samples from alluvial aquifer or upper part of 
the confining unit wells 20, 27, 31, 38, 39, and 40 (fig. 13). 
Fluorine-substituted alkane (trichlorofluoromethane and 
dichlorodifluoromethane) concentrations were particularly 
high in samples from wells 20 and 27 (table 9). These two 
compounds are used as refrigerants, or propellants in 
aerosol sprays (Smith and others, 1988). Considering other 
halogenated alkane compounds, maximum concentrations 
of 1,Zdichloropropane (14~& and 6.4,ug/L, table 9) were 
detected in samples from well 31. Analyses of samples from 
wells 31 and 39 also showed maximum concentrations of 
dichloroethanes (l,l-dichloroethane plus 1,2-dichloro- 
ethane, table 9, fig. 13). However, no concentration of any 
halogenated alkane exceeded Federal or State MCLs 
(table 9). Dichloromethane is used commonly as an in- 
dustrial solvent (Smith and others, 1988). 
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Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the

	

confining unit near the Shelby County landfill

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]

41 Sh:0-141 10-10-89 < 0.20 - - - _ - - < 0.20



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landflll--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table 7.--Concentrations of synthetic organic compounds in samples from wells screened in
the alluvial aquifer or upper part of the confining unit near the Shelby County landfill--Continued

[Values given as < (less than) indicate that the concentration was below the level of detection for the
analytical method used and do not indicate the presence or absence of a constituent; --, indicate no data]



Table

	

8 .�Concentrations of synthetic organic compounds in samples from wells screened in the Memphis

aquifer near the Shelby County Landfill

[UG/L, micrograms per liter; Values given as < (less than) indicate that the concentration was below the
level of detection for the analytical method used and do not indicate the presence or absence of a constituent;
--, indicate no data]



Table 8 .--Concentrations of synthetic organic compounds in samples from wells screened in the Memphis
aquifer near the Shelby County Landfill--Continued

[UGAL, micrograms per liter; Values given as < (less than) indicate that the concentration was below the
level of detection for the analytical method used and do not indicate the presence or absence of a constituent;
--, indicate no data]



Table 8.--Concentrations of synthetic organic compounds in samples from wells screened in the Memphis
aquifer near the Shelby County Landfill--Continued

[UG/L, micrograms per liter; Values given as < (less than) indicate that the concentration, was below the
level of detection for the analytical method used and do not indicate the presence or absnce of a constituent;
--, indicate no data]



Table 8.--Concentrations of synthetic organic compounds in samples from wells screened in the Memphis
aquifer near the Shelby County Landfill--Continued

[UGAL, micrograms per liter; Values given as < (less than) indicate that the concentration was below the
level of detection for the analytical method used and do not indicate the presence or absence of a constituent;--, indicate no data]



Table . 8.--Concentrations of synthetic organic compounds in samples from wells screened in the Memphis

aquifer near the Shelby County Landfill--Continued

[UG/L, micrograms per liter; Values given as < (less than) indicate that the concentration was below the
level of detection for the analytical method used and do not indicate the presence or absence of a constituent;
--, indicate no data]



Table 9.-Synthetic organic compounds detected in samplesfrom 14 wells screened in the alluvial aquifer or upper
part ofthe confining unit near the Shelby County landfill

[Concentrations are total in micrograms per liter (/cg/L) ; (TDHE) Tennessee Department of Health and Environment, 1988, and (USEPA)
U.S . Environmental Protection Agency, 1986, (MCL) maximum contaminant levels for drinking water ; values given as < (less than) indi-
cate that the concentration was below the level of detection for the analytical method used and do not indicate the presence or absence
of a compound; - indicates no established maximum contaminant level for the compound]



Table 9 . -Synthetic organic compounds detected in samplesfrom 14 wells screened in the alluvial aquifer or upperpart of
the confining unit near the Shelby County landfill-Continued

[Concentrations are total in micrograms per liter (ug/L) ; (TDHE) Tennessee Department of Health and Environment, 1988, and (USEPA)
U.S . Environmental Protection Agency, 1986, (MCL) maximum contaminant levels for drinking water; values given as < (less than) indi-
cate that the concentration was below the level of detection for the analytical method used and do not indicate the presence or absence
of a compound ; - indicates no established maximum contaminant level for the compound]



Table 9 . -Synthetic organic compounds detected in samplesfrom 14 wells screened in the alluvial aquifer or upperpart of
the confining unit near the Shelby County landfill-Continued

[Concentrations are total in micrograms per liter (ug/L) ; (TDHE) Tennessee Department of Health and Environment, 1988, and (USEPA)
U.S . Environmental Protection Agency, 1986, (MCL) maximum contaminant levels for drinking water; values given as < Qess than) indi-
cate that the concentration was below the level of detection for the analytical method used and do not indicate the presence or absence
of a compound ; - indicates no established maximum contaminant level for the compound]



Table 10,Synthetic organic compounds detected in samplesfrom eight wells screened in the Memphis aquifer
near the Shelby County landfill

[Concentrations are total in micrograms per liter (ug/L) ; (TDHE) Tennessee Department of Health and Environment, 1988, and (USEPA)
U.S. Environmental Protection Agency, 1986, (MCL) maximum contaminant levels for drinking water; values given as < (less than) indi-
cate that the concentration was below the level of detection for the analytical method used and do not indicate the presence or absence
of a compound ; - indicates no established maximum contaminant level for the compound]



Halogenated alkenes were detected in highest con-
centrations in alluvial aquifer or upper part of the confining
unit wells 31, 39, and 40 (fig. 13) . Concentrations of 1,2
trans-dichloroethene were particularly high in samples from
these wells (table 9) . Vinyl chloride was detected in high
concentrations in wells 20, 31, 38, 39, and 43 (table 9) . Con-
centrations in samples from these alluvial aquifer wells
exceed the Federal and State MCL of 2,ug/L (Tennessee
Department of Health and Environment, 1988 ; U.S .
Environmental ProtectionAgency, 1986) . All wells sampled
during this investigation were constructed with polyvinyl
chloride (PVC) casings and screens (Appendix A). There-
fore, well construction materials may be a source of the high
vinyl chloride concentrations.

The lowest sums of volatile organic compounds were
detected in samples from alluvial aquifer wells 30, 33, and 34
(fig. 13) . Several compounds were detected in samples from
these wells, although in most instances each compound was
detected in only one of the two samples collected. The only
compound detected in low concentrations in replicate
samples was dichlorodifluoromethane in well 33 (3.4 and
1.2,ug/L, table 9) .

A "moderate" degree of contamination (that is, sums
of concentrations approximately 3,ug/1) by volatile organic
compounds was detected in samples fromwells 31,42 and 43

Table 10.-Synthetic organic compounds detected in samplesfrom eight wells screened in the Memphis aquifer
near the Shelby County landfill-Continued

[Concentrations are total in micrograms per liter (ug/L) ; (TDHE) Tennessee Department of Health and Environment, 1988, and (USEPA)
U.S . Environmental Protection Agency, 1986, (MCL) maximum contaminant levels for drinking water; values given as < (less than) indi-
cate that the concentration was below the level of detection for the analytical method used anddo not indicate the presence or absence
of a compound; - indicates no established maximumcontaminant level for the compound]

screened in the alluvial aquifer orupper part of the confuting
unit (fig . 13) . Benzene, chlorobenzene, dichlorobenzenes,
ethylbenzene, xylene, dichlorodifluoromethane, and vinyl
chloride compounds were detected in moderate concentra-
tions in samples from wells 31, 42 and 43, and these com-
pounds were detected in both samples (table 9) .

Well 7 was selected for the collection ofbackground
samples from the alluvial aquifer . This well, which is 38 feet
deep, is located about 7,000 feet east of the landfill (fig . 9) .
It is on the east side of the depression in the water table and
in the upgradient direction of ground-water flow westward
toward the center of the depression (fig. 5) . The analysis of
water from the first sampling of well 7 showed 1,4-
dichlorobenzene in a concentration (0.30,ug1L) just above
the detection limit (0.2,ug/L) . The analysis of water from the
second sampling indicated that 1,4-dichlorobenzene was
below the detection limit, but that small concentrations of
toluene (0.60 ug/L) and xylene (0.40 pg/L) were measured .
The measurement of these synthetic organic compounds in
the background samples from well 7 suggests that sources
other than the leachate plume may contribute to synthetic
organic compound concentrations in the alluvial aquifer or
upper part of the confining unit .

Synthetic organic compounds were detected in
samples from all wells screened in the Memphis aquifer



Figure 13.-Sums of mean values of concentrations of three classes of volatile organic compounds in samples
from wells screened in the alluvial aquifer or upper part of the confining unit near the Shelby County landfill .



Figure 14.-Sums of mean values of concentrations of three classes of volatile organic compounds in samples
from wells screened in the Memphis aquifer near the Shelby County landfill .



except MS-4. However, the classes of compounds detected 
in these samples differ among wells (fig. 14). High con- 
centrations of substituted ring compounds were detected 
primarily in samples from wells MS-g, MS-lo, and Sh:Q-88 
(a background well). Halogenated alkane and alkene con- 
centrations were highest in samples from wells MS-7, MS-11, 
and MS-12. 

Substituted ring compounds (particularly benzene, 
toluene, and xylene) were detected in highest concentrations 
in samples from Memphis aquifer wells MS-g, MS-lo, and 
Sh:Q-88 (a background well) (fig. 14). However, high 
concentrations of substituted ring compounds were not 
detected consistently in these wells. Concentrations of 
toluene and xylene were measured in the first samples from 
wells MS-9 and MS-10 and ranged from 2.9 to 13 ,ug/L. The 
second samples from these same wells had low (0.30 &L) 
or non-detectable (< 0.20 ,@L) toluene and xylene con- 
centrations (table 10). Benzene, toluene, and xylene con- 
tamination may have been introduced to the first round of 
samples from wells MS-2, MS-5, MS-g, MS-lo, and MS-11 
by the isopropanol rinse used during the well-sampling pro- 
cedures (AppendirA). 

Both halogenated alkanes and halogenated alkenes 
occur with the highest concentrations in samples from Mem- 
phis aquifer wells MS-7, MS-11, and MS-12 (fig. 14). The 
halogenated alkanes showing the highest concentrations in 
wells MS-7, MS-11, and MS-12 were dichlorodifluoro- 
methane and trichlorofluoromethane, with concentrations 
ranging from 0.9 to 12.0 @L (table 10). Halogenated 
alkene compounds showing the highest concentrations in 
wells MS-7, MS-11, andMS-12 are 1,2-trans-dichloroethene, 
tetrachloroethylene, and vinyl chloride with concentrations 
of these compounds ranging from 0.5 to 3.2pg/L (table 10). 

Well Sh:Q-88 (no field number assigned), an irriga- 
tion well at Agricenter International, was selected for the 
collection of background samples from the Memphis 
aquifer. This well, which is 295 feet deep, is about 10,500 feet 
east of the landfill (fig. 10). Well Sh:Q-88 is upgradient in 
the general direction of ground-water flow westward toward 
the landfill (fig. 8). The analysis of water from the first 
sample indicated that benzene, toluene, and xylene were 
detected at the detection limits (0.20 pg/L). The second 
samples indicated that benzene, toluene, and xylene were 
detected with concentrations of ranging from 1.8 to 2.4pg/L. 
In addition, the analysis for the second sample measured 
ethylbenzene and styrene with concentrations that ranged 
from 0.4 to OS&L. The pump on this well is powered by a 
diesel generator, and fumes from this generator may have 
contaminated the samples. 

Substituted ring compounds were detected in nearly 
every well near the Shelby County landfill. In samples from 

wells screened in the alluvial aquifer and upper part of the 
“confining unit,” the highest sums of concentrations of sub- 
stituted ring compounds range from approximately 3 to 
9 rn& in wells 26,27,31,38,39,40, and 42 (fig. 13). Ben- 
zene, chlorobenzene, and dichlorobenzenes are the prin- 
cipal substituted ring compounds detected in these wells. 

In the Memphis aquifer, the highest sums of sub- 
stituted ring compounds range from approximately 4 to 
12@L in samples from wells Sh:Q-88 (a background well), 
MS-g, and MS-10 (fig. 14). Benzene, toluene, andxylene are 
the principal substituted ring compounds detected in these 
wells. 

An interpretation of the distribution of substituted 
ring compounds near the Shelby County landfill cannot be 
based solely on the appearance and transport of these com- 
pounds in the leachate plume. Although the highest con- 
centrations of substituted ring compounds were detected in 
samples from downgradient plume wells 26,27,31, 38,39 
and 40 screened in the alluvial aquifer or upper part of the 
confining unit, these compounds also were detected in 
“moderate” concentrations in samples from upgradient wells 
42 and 43. Substituted ring compounds also were detected 
in samples from all wells screened in the Memphis aquifer, 
except MS-7. However, the highest concentrations of sub- 
stituted ring compounds were detected in samples from 
downgradient wells MS-2, MS-g, and MS-lo, but not in 
samples from Memphis aquifer wells that show highest con- 
centrations of the major and trace inorganic constituents 
used to geochemically define the leachate plume (for ex- 
ample, wells MS-7, MS-11, and MS-12). Lithologic logs from 
Memphis aquifer wells MS-2 (Bradley, 1988), MS-g, and 
MS-10 (Appendix C) show a sand and silt confining unit that 
ranges in thickness from 50 to 75 feet (Appendiu C). Sub- 
stituted ring compounds that were detected in samples from 
these wells probably did not originate from the alluvial 
aquifer directly overlying wells MS-2, MS-g, and MS-lo. 

Although the concentrations of substituted ring com- 
pounds in both the alluvial aquifer or upper part of the 
confining unit and the Memphis aquifer should be noted, the 
source and transport of these compounds may not be as- 
sociated exclusively with leachate from the Shelby County 
landfill. 

Halogenated alkane and halogenated alkene com- 
pounds show similar distributions in wells screened in both 
the alluvial aquifer or upper part of the confining unit and 
the Memphis aquifer. In samples screened in the alluvial 
aquifer, the highest sums of halogenated alkanes range from 
approximately 6 to 16&L in wells 20,27,31,38,39, and 40 
(fig. 13). Dichlorodifluoromethane, 1,2-dichloropropane, 
and dichloroethanes were the principal halogenated alkanes 
detected in these wells. The highest sums of halogenated 
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alkenes range from approximately 6 to 25 ,ug/L in wells 20, 
31, 38, 39, and 40. Vinyl chloride and 1,2-trans- 
dichloroethene were the principal halogenated alkenes 
detected in these wells. 

Halogenated alkanes and halogenated alkenes in the 
Memphis aquifer were detected almost exclusively in 
samples from wells MS-7, MS-11, and MS-12 (fig. 14). Sums 
of halogenated alkane concentrations range from ap- 
proximately 1 to 19 pug/L, with trichlorofluoromethane, 
dichlorodifluoromethane, l,l,l-trichloroethane, and 
dichloroethanes as principal constituents. Sums of halo- 
genated alkene concentrations range from approximately 
0.4 to 6.5&L, with vinyl chloride, tetrachloroethylene and 
1,2-trans-dichloroethene as principal constituents. The dis- 
tribution of halogenated alkane and halogenated alkene 
compounds seems to show the same trend with ground-water 
flow as interpreted previously from major and trace inor- 
ganic constituent data. Maximum concentrations of 
halogenated alkanes and alkenes were detected in samples 
from leachate plume wells 20,27,31,38,39, and 40 screened 
in the alluvial aquifer or upper part of the confining unit. 
Maximum concentrations of halogenated alkanes and 
alkenes were detected in Memphis aquifer leachate plume 
wells MS-7, MS-11, and MS-12, which are adjacent to the 
alluvial aquifer wells. The confining unit separating the two 
aquifers at these wells is thin or absent (fig. 6). 

Similar halogenated alkane and halogenated alkene 
compounds were detected in samples from alluvial aquifer 
wells 27,31,38,39, and 40 when compared to samples from 
Memphis aquifer wells MS-7, MS-11, and MS-12. The halo- 
genated alkanes trichlorofluoromethane and dichloro- 
ethanes (particularly l,l-dichloroethane) were detected in 
both alluvial and Memphis aquifer wells, as were the 
halogenated alkenes vinyl chloride and l,Ztrans-dichloro- 
ethene. Trichloroethylene, which is easily biodegraded 
under anaerobic conditions (Barker and others, 1986) also 
appears in similar concentrations in wells 31,38,39, and 40 
screened in the alluvial aquifer or upper part of the confining 
unit, and well MS-12 screened in the Memphis aquifer. 

The base-neutral extractable compound bis(Zethyl- 
hexyl)phthalate was detected at high concentrations (120 
and 59 pg/L; table 8) in the first samples from Memphis 
aquifer wells MS-9 and MS-lo. Because bis(2-ethyl- 
hexyl)phthalate was not detected in any samples from al- 
luvial aquifer wells, or in the second samples from Memphis 
aquifer wells MS-9 and MS-lo, this compound may have 
been introduced as a field or laboratory contaminant. Bis(2- 
ethylhexyl)phthalate is used extensively as a plasticizer 
(Smith and others, 1988). 

POTENTIAL FOR WATER-SUPPLY 
CONTAMINATION 

The source of water supply most susceptible to con- 
tamination from the Shelby County landfill is the Sheahan 
well field of the Memphis Light, Gas and Water Division 
(MLGW). Ground water from the vicinity of the landfill 
generally flows westward toward this well field (fig. l), based 
on a map of the altitude of the potentiometric surface of the 
Memphis aquifer for the late summer and fall of 1988 (Parks, 
1990). The Sheahan well field is about 5 miles downgradient 
from the Shelby County landfill. 

To estimate the rate of ground-water flow from the 
vicinity of the Shelby County landfill to the Sheahan well 
field, an equation derived from a combination of Darcy’s law 
and the velocity equation of hydraulics (Heath, 1983), can be 
used: 

v=J$- 

where 
v is the Dar&n velocity, which is the 

average velocity of the entire cross- 

K is 
sectional area, m feet per day; 
the hydraulic conduct&y, in feet per 

dhldl is 
day; 
;&h;futlic gradient, in foot per 

n is the porosity, in percent by volume 

Average hydraulic conductivities are estimated to 
range from 40 feet per day for predominantly fine sand to 
114 feet per day for predominantly coarse sand in the Mem- 
phis aquifer (Nyman, 1965, p. B20). The average hydraulic 
gradient is estimated to be 70 feet in 5 miles (0.0027 foot per 
foot) from the map of the altitude of the potentiometric 
surface in the Memphis aquifer in the late summer and fall 
1988 (Parks, 1990). The average porosity for the sands is 
taken to be 20 percent (Bell and Nyman, 1968, p. 13). Using 
these values in the preceding equation, the average velocities 
of ground water moving through the Memphis aquifer from 
the Shelby County landfill to Sheahan well field are calcu- 
lated to range from about 0.5 to 1.5 feet per day (182 to 
548 feet per year). 

These average velocities indicate that water now 
(1991) entering the Memphis aquifer at the Shelby County 
landfill would take about 50 to 150years to reach the Sheahan 
well field. Given the time and distance of transport, any 
contaminants in the ground water would not likely persist 
long enough to reach this well field because of the effects of 
various physical, chemical, and biological processes, includ- 
ing dilution and adsorption. 
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SUMMARY AND CONCLUSIONS 

This investigation (1989-91) was conducted to collect 
and interpret hydrogeologic and ground-water-quality data 
more specific to the Shelby County landfill in east Memphis, 
Tennessee, than that collected during a previous investiga- 
tion (1986-87) by the U.S. Geological Survey. The previous 
investigation focused on an area north of the landfill, which 
was under consideration for landfill use. Eighteen addition- 
al wells were installed in the alluvial aquifer or upper part of 
the confining unit and Memphis aquifer near the landfill. 
Hydrogeologic data collected from the auger borings and 
hydraulic-rotary test holes showed that the confining unit 
separating the alluvial aquifer from theMemphis aquifer was 
thin or absent just north of the landfill and that elsewhere it 
consists predominantly of fine sand and silt with lenses of 
clay. 

A water-table map prepared from water-level meas- 
urements in 33 wells confirms the existence of a depression 
in the water table north and northeast of the landfil and 
indicates that the ground water passing beneath the landfill 
flows generally northeast from the Wolf River toward the 
depression in the water table. A map of the potentiometric 
surface in the Memphis aquifer prepared from water-level 
measurements in nine wells showed that water levels were 
anomalously high just north of the landfill, indicating 
downward leakage from the alluvial aquifer to the Memphis 
aquifer. A comparison of these two maps shows that head 
differences between the alluvial and Memphis aquifers favor 
downward leakage. 

Water-quality data were collected from 31 wells 
during a first round of sampling in October 1989, and 22 of 
these wells were re-sampled in June and July 1990. An 
analysis of water-quality data for major and trace inorganic 
constituents and nutrients confirms that leachate from the 
landfill has migrated northeastward in the alluvial aquifer 
toward the depression in the water table. Selected major and 
trace inorganic constituents showed elevated concentrations 
in samples from leachate plume wells screened in the alluvial 
aquifer or upper part of the confining unit. Those con- 
stituents (specifically total organic carbon, chloride, dis- 
solved solids, iron, ammonia nitrogen, calcium, sodium, 
iodide, barium, strontium, boron, and cadmium) were 
detected in concentrations 2 to 20 times higher in samples 
from downgradient wells than in samples from background 
or upgradient wells. Elevated concentrations of dissolved 
solids, calcium, sodium and possibly ammonia nitrogen, 
chloride, barium, and strontium were detected in samples 
from adjacent Memphis aquifer plume wells. Apparently, 
these constituents have migrated from the alluvial aquifer 
into the Memphis aquifer by downward leakage where the 
confining unit is thin or absent. 

Volatile organic compounds were detected in 
samples from 14 wells in the alluvial aquifer and 8 wells in 
the Memphis aquifer. Of the 22 volatile organic compounds 
detected in samples from the alluvial aquifer, 18 of these 
same compounds were detected in the Memphis aquifer. 
Three classes of volatile organic compounds were detected 
in samples from wells screened in both the alluvial aquifer or 
upper part of the confining unit and the Memphis aquifer: 
(1) substituted ring compounds, (2) halogenated alkanes, 
and (3) halogenated alkenes. Substituted ring compounds 
(specifically benzene, chloro- and di-chlorobenzenes, 
toluene, and xylene) were detected in samples from nearly 
every well near the Shelby County landfill, but commonly at 
low concentrations (less than 4.0 pug/L). Because of their 
widespread occurrence (even in samples from background 
wells), substituted ring compounds cannot be used as 
geochemical tracers for the leachate plume. 

The highest concentrations of halogenated alkane 
and halogenated alkene compounds were detected in leach- 
ate plume wells screened in the alluvial aquifer or upper part 
of the confining unit. Selected halogenated alkanes 
(dichlorodifluoromethane, 1,2-dichloropropane, and 
dichloroethanes) and halogenated alkenes (vinyl chloride 
and 1,2-trans-dichloroethene) seem to best characterize 
samples from the leachate plume in wells screened in the 
alluvial aquifer or upper part of the confining unit. 

Many of these same halogenated alkane and 
halogenated alkene compounds were detected in samples 
from wells screened in the Memphis aquifer, adjacent to 
downgradient leachate plume wells screened in the alluvial 
aquifer. Of halogenated alkane compounds, dichloro- 
difluoromethane and dichloroethanes were detected in 
samples from both the Memphis aquifer and the overlying 
alluvial aquifer. Of halogenated alkene compounds, vinyl 
chloride and 1,2-trans-dichloroethene were detected in 
samples from both the Memphis aquifer and the overlying 
alluvial aquifer. However, the source of high vinyl chloride 
concentrations may be from well construction materials. 

The base-neutral extractable compound bis(Zethyl- 
hexyl)phthalate was detected at high concentrations, but 
only in two samples, both from wells screened in the Mem- 
phis aquifer. It is possible that bis(Zethylhexyl)phthalate 
was introduced in these samples as a laboratory con- 
taminant. 

The ground-water supply most susceptible to con- 
tamination from the Shelby County landfill is the Sheahan 
well field of the Memphis Light, Gas and Water Division. 
This well field is about 5 miles downgradient from the landfill 
in the direction of ground-water flow. Based on an estimated 
ground-water velocity, about 50 to 150 years would be 
required for ground water to travel from the Shelby County 

53 



landfill to the Sheahan well field. Given the time and dis- 
tance of transport, it is unlikely that any contaminants in the 
ground water would persist long enough to reach this well 
field because of the effects of various physical, chemical, and 
biological processes, including dilution and adsorption. 
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APPENDIX A: FIELD WORK AND PROCEDURES 

The field work for this investigation consisted principally of: (1) the installation of 18 wells in the alluvial aquifer, 
upper part of the confining unit, or Memphis aquifer near the Shelby County la&ii, (2) the measurement of water-levels 
in 41 wells, (3) an initial sampling of 31 wells for water-quality analysis, and (4) the re-sampling of 22 of these wells to verify 
the analytical results from the first sampling. The procedures followed in performing these tasks are summarized below. 

Well Installation 

General procedures followed during the installation of the wells in the alluvial aquifer or upper part of the confining 
unit were as follows: 

(1) Fe:,, stems and bit were deco@ninated~before augering each well using a steam cleaner and water from 

and c P 
s Light, Gas and Water Dlvrsron that 1s piped from Agrrcenter Internatronal to the landfill for drmkmg 

ean-up uses; 

(2) &inch-diameter auger holes were drilled to depths (based on the estimated top of the water table from auger 
returns) that would assure the wells contained adequate water for well development and sampling; 

(3) 2-inch-diameter 
screen were insta E 

olyvinyl chloride (PVC) casings with 5-foot lengths of horizontally slotted (0.020-inch slot) 
ed through the augers; 

(4) the augers were extracted from the bore holes leaving the casings and screens in place; 

(5) measurements were made to determine the depths to which formation sand had collapsed around the casings and 
screens (generally at or above the top of the water table); 

(6) ~~d:~s~e~~~~~~~~~~ets were put at the top of the collapsed sand in each well and a bucket of water was 
, 

(7) the annular s 
nearly to Ian B 

aces around the casings above the bentonite seals were filled with a cement and bentonite grout 
surface; 

(8) cement 
steel we E 

ads or plugs were poured to seal the annular space around the wells at land surface, and 6-inch-diameter 
protectors were installed and secured with locks; 

(9) the wells were developed with a submersible pump designed for use in 2-inch-diameter wells (pumping capacity 
about 1 gallon per minute); 

(10) well development was conducted until the water was clear or any sediment was considerably reduced and until 
measurements of specific conductance were constant. 

North and northeast of the landfii water levels in the alluvial aquifer generally are deeper than normal because of the 
depression in the water table, and the alluvium locally is dry. In order to assure that the wells installed along the north and 
east perimeters and in adjacent areas of the landfill were deep enough to provide adequate water for well development and 
sampling, some of these wells probably were screened in the confining unit below the alluvium. 

Wells 37,38,39,40, and 41 were installed to depths that probably placed the screens adjacent to fine sand in the upper 
part of the confining unit. During augering of these wells, the returns from the lower part of the holes primarily consisted 
of wet, coarse to very coarse sand with scattered gravel. Any fine sand would be obscured in the wet slurry of the auger 
returns. Gamma-ray logs were made through the auger stems before the installation of these wells to confirm that the screens 
would be adjacent to sand and not clay. The gamma-ray logs indicated continuous sand in the lower part of the auger holes, 
including the interval to be screened. 

The hole for well 35 was augered to 48 feet, but the lower stem was found to be full of fine sand. Therefore, the augers 
were pulled back to 43 feet before the well was installed to avoid setting the screen in fine sand. Later, geophysical logs made 
in the test hole for well MS-5, which was installed in the Memphis aquifer near well 35, indicated that the screen of well 35 
probably was set in fine sand in the confining unit. 
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Geophysical logs for the test hole for well MS-7 near well 37 indicated that the screen of well 37 actually may be set 
adjacent to clay in the confining unit. During well development, some fine sand and silt entered the screens of wells 37 and 
39. During well development and sampling, the water level in 37 and 40 pumped down in a relatively short time and was 
slow to recover. 

The general procedures for installation of the wells in the Memphis aquifer were as follows: 

(1) before drilling each well, the drill stems and bits were decontaminated using a steam cleaner and water piped to 
the landfii for drinking and clean-up uses; 

(2) test holes were drilled to a depth of 150 feet using water from a Memphis Light, Gas and Water Division fire 
hydrant at Agricenter International and powdered bentonite to produce a drilhng mud; 

(3) electric and gamma-ray logs were made in the bore holes and the depths at which to set screens were determined; 
(4) the lower parts of the bore holes up to the bottom of the screens were filled with gravel pack added to the residual 

drilling mud (a bentonite seal was added above this gravel pack in some wells); 
(5) 4-inch-diameter polyvinyl chloride casings with 20-foot lengths of horizontally slotted (O.OlO-inch slot) screens 

were installed in the bore holes; 
(6) the wells were backflushed with water from the same source as used for drilling to remove most of the drilling 

mud from the annulus around the screens; 
(7) the annular space around the screens was gravel packed to at least 10 feet above the tops of the screens; 
(8) about 1 foot of bentonite pellets were put at the tops of the gravel packs and, if present, adjacent to a clay beds 

near the top of the sands screened; 
(9) the annular space around the casings above the bentonite plugs was pressure grouted to land surface with a 

commercial bentonite sealer using a tremie pipe; 
(10) after time for the bentonite sealer to swell and setup, the upper foot of the annular space around the casings was 

excavated and cement plugs were poured to seal the wells at land surface; 
(11) at the time the cement plu 

the wells were capped an t 
s were poured, 6-inch-diameter steel well protectors were installed over the wells, and 
secured with locks; 

(12) the wells were developed using compressed air for a minimum of 1 hour each or until the wells produced clear, 
sediment-free water. 

During well development, formation sand was pumped from wells MS-6, MS-7, and MS-S. Fragments of lignite and 
gravel pack also were pumped from well MS-6, leading to the conclusion that the casing was split or separated in this well. 
The casing for wellMS-6 was pulled from the bore hole intact and undamaged, but the disc seal in the end cap at the bottom 
of the screen was found to have come out during well installation. The casing of well MS-8 also was pulled. The holes left 
by wells MS-6 and MS-8 were filled with a commercial bentonite sealer and cement plugs were put at land surface. These 
wells were replaced by wells MS-11 and MS-12 at nearby sites. 

During the drilling of MS-7, loss-of-circulation problems near land surface became so severe that the site was almost 
abandoned. However, circulation was re-established by the addition of a bentonite sealer and drilling-mud additive, and 
the test hole was drilled to a depth of 165 feet. Rather than replace this well or abandon this site, a cement plug was put at 
the bottom of the screen. Cement was pressure grouted into the bore hole just below the screen and into the screen. 
Bentonite pellets were put in the screen above the cement plug, and some gravel pack was put above the bentonite. After 
the bentonite swelled, the effective screen interval in well MS-7 was reduced from 88.5-108.5 to 88.5-99.5 feet below land 
surface (Appendix C). After the plug was installed, this well was developed for an additional hour. 

Water-Level Measurements 

Water-level measurements were made with a steel tape with a weight on the end so that entering the water surface 
could be heard. A few feet of the tape were coated with a thin layer of carpenter’s chalk so that the water-level mark could 
be readily distinguished. Water levels were measured twice in each well to assure an accuracy of 0.01 foot. A length of tape 
from above the water-level mark to the end of the tape was let dry thoroughly after each measurement, wiped clean with 
disposable napkins, and then re-chalked. 
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The water-level measurements were made in advance of sampling for water quality to provide data from which the 
volumes of water to be evacuated from the wells to be sampled could be calculated and the depths of the pump settings 
could be determined. In addition, the measurements were made before the wells were sampled so that any water that might 
be contaminated from the tape or chalk would be evacuated prior to sampling. 

Well Sampling for Water Quality 

General procedures followed during the first sampling of the 2-inch-diameter wells screened in the alluvial aquifer 
or the upper part of the confining unit were as follows: 

(1) a submersible pump designed for use in 2-inch-diameter wells was decontaminated internal1 at the landfill 
headquarters before each well was sampled by pumping copious amounts of tap water throug h the pump and 
Teflon discharge lime followed by de-iomzed water; 

(2) the churns and other equipment that would come in contact with the water samples also were decontaminated at 
the landfill headquarters using a Liquinox soap and tap-water solution, followed by rinsing with tap water and 
then de-ionized water before each well was sampled; 

(3) the pump and about 15 to 20 feet of Teflon discharge line were decontaminated externally at the well sites bi 
spraying with soapy water, then tap water, and finally de-ionized water, and then the pump was lowered into eat 
well to a depth below the water level but not into the screen; 

(4) the well was pumped for several minutes at a rate of about 1 gallon per minute to discharge any residual de-ionized 
water in the pum 
conductance, an B 

and discharge line before the measurements of field water-quality properties (pH, specific 
temperature) were begun; 

urn in 
(% Eom’ea!!h well and until measu 

continued at about 1 gallon per minute for a minimum time to evacuate at least five volumes of water 
rements of field water-quality properties stabilized, 

(6) after the well was evacuated, the churn was rinsed with waterpmped from the.well and then filled to provide 
water for the filtered samples and raw sam 
collected directly from the pump discharge ine; P 

les to be analyze for nutrients, while the other raw samples were 

(7) at the landfill headquarters the filtered and nutrient samples were prepared, the samples were tagged and labeled, 
and those that required chilling were placed on ice; 

(8) the samples were collected by USGS personnel and shipped at the end of each day through the U.S. Postal Service, 
as Prior@ Mail, to the USGS National Water Quality Laboratory at Arvada, Colorado; 

(9) three quality assurance/quality control sam 
B 

les of the de-ionized water 
pump were collected at selected intervals uring the first sampling an cf 

umped through the smaller submersible 

the second sampling. 
two of these samples were taken during 

Chan es in the 
f k- 

eneral procedures made during the second sampling of the wells screened in the alluvial aquifer or 
upper part o the con uung unit were as follows: 

(1) high purity organic-free water was used to wash and clean equipment instead of the de-ionized water; 

(2) glass containers were used to store the organic-free water instead of the plastic bottles used to store the de-ionized 
water; 

(3) the small submersible pump was decontaminated byrmping a Liquinox soap and tap water solution through the 
pump followed by copious amounts of tap water an then organic-free water. 

Well 37re 
I 

uired pumping man 
four volumes cou d be evacuated. H 

times with much time in between to allow for water-level recovery before the required 
T e water from this well was cloudy with suspended sediment, some of which passed 

through the filter (0.45 micron pores). The water from well 30 contained live ants, other insect remains, and a black 
substance, all of which was retained on the filter. These foreign substances could not be corn 

included in the raw samples. Wells 3 and 20, whlc +I 
letely evacuated after 
were installed in 1986 

1988) and were scheduled to be sam led for this investigation, were found to be so 
les collected from them wou d be in doubt. Therefore, the casings of these P 
and sealed with a cement plug about l-foot thick. 
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General procedures followed during the first sampling of the 4-inch-diameter wells screened in the Memphis aquifer 
were the same as for the 2-inch-diameter wells in the alluvial aquifer, except as follows: 

(1) a submersible pump designed for use in 4-inch-diameter wells was lowered to a depth below the water level but 
not into the screen; 

(2) the wells were pumped at a rate of about 10 gallons per minute until a minimum of five volumes of water were 
evacuated and measurements of pH, specific conductance, and temperature had stabilized; 

(3) after evacuation of the wells, a stainless steel bailer was used to collect samples after it had been decontaminated 
by the same procedure as the pumps, except that isopropanol was used as a final rinse in sampling wells MS-2, 
MS-5, MS-g, MS-lo, and MS-11. 

Changes in procedures for sampling the wells screened in the Memphis aquifer during the second sampling in addition 
to those changes in procedures for sampling the wells screened in the alluvial aquifer were as follows: 

(1) analytical-gr a d e methanol was used as the final rinse to decontaminate the bailer and the equipment was allowed 
to dry thoroughly before samples were collected; 

(2) a Teflon bailer with a mono-filament leader attached to cotton strand rope was used to sample the wells after they 
were evacuated using the submersible pump. 

During the measurement of water levels before the first sampling, well MS-7 was found to contain some residual 
drilling mud additive adhering to the inside of the casing at about 50 feet below land surface. Therefore, after prolonged 
evacuation of this well with the larger submersible pump, this well was sampled with the smaller submersible pump lowered 
to a depth of about 70 feet. All of the samples collected from well MS-7 were taken from the discharge line of the smaller 
pump. 
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Lithologic information from auger borings and
well-construction diagrams for wells installed

in the alluvial aquifer

APPENDIX B:

Observation veils in the alluvial aquifer
are constructed with 2-inch- diameter,
polyvinyl chloride (PVC) casings and
screens_ Most veils were developed
by evacuating at least five volumes
of water with a low-capacity (about l
gallon per minute) submersible pump_

Lithology is from field notes by
D.D. Zettvoch, USGS ; samples
representative of lithology ; and
gamma-ray logs made through
the auger stem in borings for
wells 37, 38, 39, and 40_
Colors are from the'Rock Color
Chart' of the Geological Society
of America. Sand sizes are from
a visual comparison card based
on the Wentworth grade scale of
particle size .
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Lithologic information from hydraulic-rotary test holes
and well-construction diagrams for wells installed

in the Memphis aquifer
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