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INCH-POUND TO INTERNATIONAL SYSTEM (SI) UNITS

The following factors may be used to convert inch-pound units published 
herein to metric (international System) units:

Multiply inch-pound unit By To obtain metric unit

Area

acre 

square mile (mi 2 )

4047.0 
0.4047 
0.004047 
2.590

square meter (m2 ) 
hectare (ha) 
square kilometer (km2 ) 
square kilometer (km2 )

Length

inch ( in . ) 
foot (ft) 
mile (mi)

25.4 
0.3048 
1.609

millimeter (mm) 
meter (m) 
kilometer (km)

Volume

cubic inch (in 3 ) 
gallon (gal) 3.785

milliliter (mL) 
liter (L)

Flow

cubic foot per second (ft 3 /s) 28.32 
0.02817

liter per second (L/s) 
cubic meter per second 

(m 3 /s)

Temperature

degree Fahrenheit (°F) 5/9 (°F-32) degree Celsius (°C)

Hydraulic conductivity

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

Sea level; In this report "sea level" refers to the National Geodetic 
Vertical Datum of 1929 (NGVD of 1929)--a geodetic datum derived from a 
general adjustment of the first-order level wets of both the United States 
and .Canada, formerly called "Sea Level Datum of 1929."

vu



HYDROLOGIC ENVIRONMENTS AND WATER-QUALITY CHARACTERISTICS AT FOUR 

LANDFILLS IN MECKLENBURG COUNTY, NORTH CAROLINA, 1980-86

By Alex P. Cardinell, Charles R. Barnes, W. Harold Eddins,

and Ronald W. Coble

ABSTRACT

A water-quality study was conducted during 1980-86 at four landfills in 

Mecklenburg County, North Carolina. Each landfill has a three-layered 

hydrogeologic system typical of the Piedmont, consisting of (1) the 

regolith; (2) a transition zone; and (3) unweathered, fractured crystalline 

bedrock. As much as 7.6 inches per year of rainfall enters the ground-water 

system and has the potential to generate leachate within landfill cells. 

Ground water and leachate discharge to tributaries within the landfill sites 

or to streams adjacent to them.

Water-quality samples were collected from 53 monitoring wells and 20 

surface-water sites. Samples were analyzed for selected physical and 

biological characteristics, major inorganic ions, nutrients, trace elements, 

and organic compounds. Selected indicators of water quality, including 

specific conductance; hardness; and concentrations of chloride, manganese, 

dissolved solids, total organic carbon, and specific organic compounds were 

analyzed to determine the effects of each landfill on ground- and surface- 

water quality.

Increases in concentrations of inorganic constituents above background 

levels were detected in ground water downgradient of the landfills. The 

increases were generally greatest in samples from wells in close proximity 

to the older landfill cells. In general, the increases in concentrations in 

downgradient wells were greater for calcium, magnesium, and chloride than 

for other major ions. Manganese exhibited the largest relative increase in 

concentration between upgradient and downgradient wells of any constituent, 

and manganese concentration data were effective in defining areas with 

extensive anaerobic biological activity.



Differences between upgradient and downgradient concentrations of total 

organic carbon and specific organic compounds generally were not as 

apparent. The most frequently identified organic contaminants were the 

herbicides 2,4-D and 2,4,5-T. Chlorofluoromethanes were identified in three 

of four ground-water samples analyzed for volatile organic compounds.

Landfills affected the water quality of several smaller streams but did 

not noticeably affect larger ones. Apparent effects on water quality were 

greatest at the oldest landfill, located on Statesville Road, where waste is 

in cells that are partly below the water table.

INTRODUCTION

Mecklenburg County is one of the most highly industrialized, rapidly 

growing areas in North Carolina. The county population was nearly 435,000 

in 1985. Charlotte is the largest city in North Carolina and covers a large 

part of Mecklenburg County (fig. 1). Local officials are concerned about 

development-induced effects on the water quality of the area. In response 

to these concerns, the U.S. Geological Survey, in cooperation with the City 

of Charlotte and Mecklenburg County, began a 2-phase program in 1979 to 

evaluate the effects of urban development on the surface- and ground-water 

resources of the area.

Results of the first-phase reconnaissance study of surface-water 

quality in Mecklenburg County are described by Eddins and Crawford (1984). 

Results of that reconnaissance study indicate that a variety of both point 

and nonpoint sources affect the water quality of streams in the county and 

that runoff from nonpoint sources often appears to contribute more 

contaminants to streams than direct point-source effluents. The results 

also suggest that nonpoint seepage from landfills affects the water quality 

of streams draining those areas, especially during low flow when streamflow 

is derived primarily from ground-water discharge.
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As a consequence of the findings of Eddins and Crawford (1984) the ' 

second phase of the study specifically addressed water quality in the 

vicinity of county landfills.

Purpose and Scope

The purpose of this report is to describe the hydrologic environment at 

four landfills in Mecklenburg County and to summarize water-quality 

characteristics at each site in terms of selected constituents that may 

indicate the presence of leachate. The landfills included in this study are 

the Harrisburg Road, Holbrooks Road, Statesville Road, and York Road 

landfills (fig. 1).

Hydrologic data were collected at 53 observation wells and 20 surface- 

water sites, with emphasis on water-quality data. Ground- and surface-water 

samples were analyzed for 142 selected physical, chemical, and biological 

characteristics, including major inorganic ions, nutrients, trace elements, 

and organic compounds. A complete list of these constituents is given in 

table 1. Field measurements included specific conductance, alkalinity, 

temperature, and pH. Dissolved oxygen was measured in the field for 

surface-water samples.

The results of these analyses are summarized in diagrams and graphs in 

this report. The data are published in Eddins and Cardinell (1987).
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Table 1.- -Water-quality analyses performed on ground- and
surface-water samples

[+, analysis started in November 1985; *, priority pollutants 
(U.S. Environmental Protection Agency, 1976, 1984, 1986)]

_________Physical and biological characteristics________

Alkalinity
Biological oxygen demand
Chemical oxygen demand
Color
Dissolved oxygen
Fecal coliform

Fecal streptococci
Hardness
pH
Specific conductance
Temperature
Total dissolved solids

Major inorganic ions

Bicarbonate
+Calcium 
Chloride 
Fluoride
+Magnesium

+Potassium 
+Silica 
+Sodium 
Sulfate

Nutrients

+Ammonia nitrogen (as N) 
Nitrate 
Phosphorus

Trace elements

+Aluminum
*Arsenic 
Barium
*Cadmium
*Chromium
*Copper 
Iron

*Lead 
Manganese
*Mercury
*Selenium
*Silver
*Zinc

Base/neutral and acid extractable organic compounds

*Acenaphthene
*Acenaphthylene 
^Anthracene
*Benzidine
*Benzo(a)anthracene
*Benzo(a)pyrene
*Benzo(b)fluoranthene
*Benzo(g,h,i)perylene
*Benzo(k)fluoranthene
*Butyl benzyl phthalate 
Chloromethylphenol
*Chrysene
*Di-n-butyl phthalate
*Di-n-octyl phthalate

*Dibenzo(a,h)anthracene
*Diethyl phthalate
*Dimethyl phthalate
*Dinitromethylphenol
*Fluoranthene
*Fluorene
*Hexachlorobenzene
*Hexachlorobutadiene
*Hexachlorocyclopentadiene
*Hexachloroethane
*Indeno(l,2,3-c,d)pyrene
*Isophorone 
n-Nitrosodi-n-propylamine
*n-Nitrosodiphenylamine



Table 1.- -Water-quality analyses performed on ground- and 
surface-water samples--Continued

[+, analysis started in November 1985; *, priority pollutants 
(U.S. Environmental Protection Agency, 1976, 1984, 1986)]

Base/neutral and acid extractable organic compounds--Continued

*n-Nitrosodimethylamine
^Naphthalene
^'Nitrobenzene
*Pentachlorophenol
*Phenanthrene
*'Phenol
*Pyrene
*l,2-Dichlorobenzene
*1,2,4-Trichlorobenzene
*1,3-Dichlorobenzene
*l,4-Dichlorobenzene 
2-Chloroethyl methane

*2-Chloroethyl vinyl ether
*2-Chloroisopropyl ether
*2-Chloronaphthalene

*2-Chlorophenol
*2-Ethylhexyl phthalate
*2-Nitrophenol
*2,3,7,8-Tetrachloro dibenzo- 

p-dioxin
*2,4-Dichlorophenol
* 2-A-DimethyIpheno1
*2,4-Dinitrophenol
*2-A-Dinitrotoluene
*2,A,6-Trichlorophenol
*2,6-Dinitrotoluene
*3,3-Dichlorobenzidine
*A-Bromophenyl phenyl ether
*A-Chlorophenyl phenyl ether
*A-Nitrophenol

Pesticides

*Aldrin
*Chlordane
*DDD
*DDE
*DDT
*'Dieldrin
*Endosulfan
*Endrin
*Gross PCB's 
Gross PCN's

*Heptachlor

*Heptachlor epoxide
*Lindane 
Methoxychlor 
Mirex 
Perthane 
Silvex

*Toxaphene 
2,A-D 
2,A-DP 
2,4,5-T

Volatile organic compounds

*Benzene
*Bromoform (tribromomethane)
*Carbon tetrachloride
*Chlorobenzene
*Chlorodibromomethane
*Chloroethane
*'Chloroform (trichloromethane)
*Dichlorobromomethane
*Dichlorodifluoromethane
*Ethylbenzene
*Methyl bromide
*Methylene chloride
*Tetrachloroethylene
*Toluene

*Tr ichloroethylene
*Trichlorofluoromethane
*Vinyl chloride (chloroethane)
*1,1-Dichlorethylene
*1,1-Dichloroethane
*1,1,1-Trichloroethane
*l,l,2-Trichloroethane
*1,1,2,2-Tetrochloroethane
*1,2-Dichloroethane
*1,2-Dichloropropane
*1,3-Dichloropropane
*1,2-trans-Dichloroethylene
*2-Chloroethyl vinyl ether
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DESCRIPTION OF MECKLENBURG COUNTY 

Precipitation

The Mecklenburg County area lies within a humid subtropical climate 

region. The temperatures in the study area are moderate, seldom dropping to 

0 °F in the winter and occasionally rising above 100 °F in the summer. The 

coldest month is January (mean temperature 42 °F), and the warmest month is 

July (mean temperature 78 °F). The average annual precipitation in the 

study area is 45 in. (inches). Generally, the highest precipitation totals 

occur during the summer months, and the lowest totals occur during the 

autumn. Although rainfall is heaviest in the summer, evaporation and 

transpiration losses are also greatest during the summer, which coincides 

with the growing season in North Carolina. Consequently, there is a deficit 

of soil moisture, and little ground-water recharge occurs during summer 

months.



A water budget was developed for the Sugar Creek basin in southern 

Mecklenburg County for the period 1973-76 (C.C. Daniel, U.S. Geological 

Survey, written commun., 1986). This budget indicated that direct surface 

runoff to streams averaged 16.2 in., evapotranspiration accounted for 21.2 

in., and recharge to the shallow ground-water system averaged 7.6 in. during 

the period.

Streams

The Catawba River and Rocky River systems, which drain Mecklenburg 

County, are separated by a broad dissected ridge which extends from Davidson 

to Mint Hill (fig. 1). The Catawba River and its tributaries, Steele, 

Sugar, Little Sugar, McAlpine, McMullen, and Fourmile Creeks, drain the 

western, central, and southern parts of the area. The Catawba River is 

dammed at several places to impound water to produce electric power. The 

Rocky River and its tributaries, Goose, Duck, and Clear Creeks, drain the 

northeastern and eastern corners of Mecklenburg County. Overall, there are 

more than 400 mi (miles) of streams in the county.

Topography

The topography of Mecklenburg County is that of a gently rolling 

Piedmont plain that slopes to the east and southeast. It consists of broad 

divides between incised streams. Most of the county lies between 600 and 

700 ft (feet) above sea level. Relief is generally low, averaging less than 

164 ft (Hack, 1982) with hills of greater relief being remnants of more 

erosion-resistant rocks. The present topography is, in part, related to 

erosion in response to ongoing, possibly periodic, uplift (Hack, 1982).



Hydrogeologic Setting

Mecklenburg County encompasses part of the Charlotte belt, which is one 

of several northeast-southwest oriented litho-tectonic belts in the North 

Carolina Piedmont (North Carolina Department of Natural Resources and 

Community Development, 1985). The basement rocks in the study area are 

composed of folded and fractured Precambrian- and Paleozoic-aged metamorphic 

and igneous rocks. These rocks may have undergone two or three regional 

metamorphic events and as many as four major deformation events from the 

Precambrian through the Paleozoic Period, as well as additional metamorphic 

events during the Early Mesozoic Period. More detailed discussions of 

recent hypotheses for these events can be found elsewhere (Gilbert and 

others, 1982; Goldsmith and others, 1982; Hack, 1982; Ragland and others, 

1983; Farrar, 1985; Pavish, 1985; Russell and others, 1985; Wehr and Grove, 

1985).

The near-surface geology consists of a 3-stage system that includes: 

(1) the surficial (or shallow) regolith, (2) an intermediate transition 

zone, and (3) the underlying fractured crystalline bedrock (fig. 2). The 

regolith consists of an unconsolidated or semiconsolidated mixture of clay 

and fragmental material ranging in size from silt and sand to boulders. 

Components of the regolith include saprolite and alluvium and the soil in 

the uppermost part of both the saprolite and alluvium. Saprolite is the 

dominant regolith material and is the unconsolidated product of in-place 

weathering of parent bedrock. Some of the textural features of bedrock are 

retained within the saprolite, and boulders of unweathered bedrock are often 

found within the saprolite. Alluvium deposits are unconsolidated sediments 

deposited by streams and rivers and are restricted to valleys. Soils in the 

study area are generally of the Ultisol order and have formed largely from 

saprolite (Daniels and others, 1984). Ultisols are characteristically very 

acid, highly weathered, and leached with subsoils of clay accumulation.



HYDROGEOLOGIC ZONES HYDROGEOLOGIC TERMS

Soil zone 
Roots

Water table-

Weathered
bedrock and

boulders

Saturated zone

Sheet joint

Bedrock structure

Bedrock fracture

Unsaturated 
regolith

Saturated 
regolith

Transition zone

Unweathered 
bedrock

Figure 2.--The conceptual structure of the Piedmont 
hydrogeologic framework.

The permeability in the regolith is related to the degree of weathering 

(fig. 3). Heath (1980) indicates that saprolite, because of its anisotropic 

nature, has hydraulic conductivities in the range of 1 to 20 ft/d (feet per 

day). Alluvium, which usually contains considerable amounts of silt and 

sand, has hydraulic conductivities generally ranging from 1 to 100 ft/d.

Between the regolith and the fractured crystalline bedrock is a 

transition zone consisting of saprolite and partially-weathered bedrock 

where unconsolidated material grades into bedrock. Mechanical weathering
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has progressed only to a stage of minute fracturing of rock fabric, but the 

rock and rock minerals have not chemically weathered to clays. The 

thickness of this zone depends significantly on the texture and composition 

of the parent rock. The best defined transitional zones are usually 

associated with highly foliated metamorphic parent rock; whereas, those of 

massive igneous rocks are often poorly defined or nonexistent (C.C. Daniel, 

U.S. Geological Survey, oral commun., 1985). The transition zone has the 

highest permeability within the saprolite due to the less advanced chemical 

weathering (Stewart, 1962; Nutter and Otton, 1969). The higher permeability 

of the transition zone at the top of the bedrock results in a region of 

higher hydraulic conductivity within the ground-water flow system, and a 

large proportion of the ground-water moving through the system moves through 

the transition zone.

T

o
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Soil zone

Clay, silt, 
and sand

Residual 
quartz _ 

vein

Weathered 
boulders

Unaltered 
rock

U_
O
HI 
LLJ 
DC 
O 
HI 
Q

RELATIVE
PERMEABILITY
INCREASES

Figure 3.--An idealized weathering profile through 
the regolith, showing relative permeability 

(after Nutter and Otton, 1969).
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Below the transition zone is the uppermost part of the Piedmont 

crystalline bedrock, which contains numerous closely-spaced stress-relief 

fractures formed in response to removal of overlying material. As a general 

rule, few of these fractures occur at depths greater than 400 ft (LeGrand, 

1967). The bedrock in the Piedmont has relatively low porosity, 0.1 to 1.0 

percent, although large, localized differences may occur due to fracturing. 

The hydraulic conductivity of the bedrock zone is generally 1 to 20 ft/d, 

reflecting the anisotropic nature of the fracture patterns.

Depth to the bedrock surface has been determined indirectly at study 

sites to range from 5 to 92 ft below land surface. The generally accepted 

procedure is to estimate the depth of bedrock to be at the depth of auger 

refusal, which is the point at which the earth materials are so dense or 

hard that auger-boring machines equipped with steel bits are unable to 

penetrate any deeper. At one site in the York Road landfill, an auger test 

hole was constructed adjacent to a deep water well. Data from a borehole 

geophysical log of the water well indicated that bedrock was within 1 ft of 

the depth of auger refusal in the test hole, thus giving additional 

confidence in using depth of auger refusal as an estimate of bedrock depth. 

However, caution needs to be exercised in making bedrock-depth estimates 

this way because boulders of resistant rock lying within the saprolite and 

pinnacles of bedrock protruding upward into the saprolite will also result 

in auger refusal, indicating the position of the bedrock surface to be above 

the actual bedrock surface.

Generally, three hydrogeologic zones are present in the regolith--an

unsaturated zone, a capillary fringe, and a saturated zone. The unsaturatedi
zone extends from the ground surface to the capillary fringe and usually 

ranges from 5 to 50 ft in thickness. In this zone, the intergranular pores 

are only partially filled with water. Water infiltrates down through this 

zone primarily by intergranular, gravity-driven flow through macropores and 

through passages left by burrows or decayed roots.

The capillary fringe is a narrow zone at the top of the saturated zone 

and is located immediately above the water table. Within this fringe, 

moisture is raised above the water table by capillary action alone; the

12



small capillary-sized pores are full of water which is at a pressure head 

that is less than atmospheric pressure. Freeze and Cherry (1979, p. 44) use 

the more descriptive term, "tension-saturated zone," for the capillary 

fringe. The capillary fringe may range in thickness from a fraction of an 

inch to as much as 3 ft, and its depth fluctuates with changes in the water 

table.

At the base of the capillary fringe is the water table, a surface 

within the saturated zone where the ground water is at atmospheric pressure. 

Water levels in wells drilled a few feet into the saturated zone are at the 

same level as the water table in the adjacent regolith.

The saturated zone within the regolith provides the bulk of water 

storage within the Piedmont ground-water system. Drainable porosity values 

in this zone, which is composed primarily of saprolite, range from about 20 

to 30 percent. Once water has reached the saturated zone below the water 

table, it flows in laminar fashion through intergranular pore spaces with 

limited mixing. The general direction of flow is toward discharge areas, 

which are the perennial streams; however, local flow may be affected by the 

anisotropy of the remnant bedrock textural features within the saprolite.

Although the water table is generally within the regolith, it is not 

unusual to find that the unsaturated zone extends into the bedrock. This 

situation most commonly occurs beneath relatively high bluffs in major 

stream valleys where the bedrock is close to the surface. This occurs at 

several locations in Mecklenburg County, including the area near the York 

Road landfill.

LANDFILL HYDRO-LOGIC ENVIRONMENTS

Current solid-waste disposal in Mecklenburg County is by sanitary 

landfilling. Brunner and Keller (1972) describe sanitary landfilling as an 

engineering method of disposing of solid waste on land by spreading, 

compacting to the smallest practical volume, and covering with soil each 

operating day in a manner designed to protect the environment. In modern

13



sanitary landfills in the Piedmont, refuse is buried in the unsaturated 

zone, generally the saprolite of the regolith zone. Ideally, the bases of 

the refuse cells are at least A ft above the highest position of the water 

table. When a disposal area is discontinued, a final 2-foot soil cover is 

added. The final cover is constructed to maximize surface runoff and 

minimize infiltration.

Solid-waste disposal sites in operation before modern sanitary landfill 

design standards were instituted were commonly characterized by open burning 

and the lack of a soil covering. In addition, some solid wastes were 

occasionally buried in areas that were below the water table much of the 

time, leading to almost certain water-pollution problems.

The four landfills of this study were selected because of local 

concerns about potential effects of these landfills on local water quality. 

Three of the sites are sanitary landfills that were in operation throughout 

most of the study. Two of these, Harrisburg Road and York Road landfills, 

are relatively large (several hundred acres); the third, Holbrooks Road 

landfill, is smaller. The fourth site, Statesville Road landfill, is older 

than the other sites and was operated at one time as an open, burning dump. 

This dump was subsequently covered with soil.

This section describes the physical and hydrologic environment of each 

landfill and presents a brief history of excavation and fill. A later 

section reviews in detail the ground- and surface-water quality at each of 

these sites and discusses findings relative to leachate migration.

Harrisburg Road Landfill

The Harrisburg Road sanitary landfill (fig. A) covers approximately 305 

acres and is located in eastern Mecklenburg County about one mile east of 

the Charlotte city limits. The Harrisburg Road landfill is the most 

recently developed of the four study landfills and the only one still active 

(1987), receiving mixed (residential, commercial, and industrial) solid 

waste. The general surface-water drainage at this landfill is to the north.
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Three small streams drain the landfill. The stream on the east, which 

drains Lake Hoffman and Smith Lake, and the one on the west edge of the 

landfill have perennial flow throughout most of their length. The short 

stream upstream from site HBSW2010 is intermittent. Topographic relief is 

100 ft from an altitude of 780 ft above sea level along the southwestern 

edge and northeastern corner of the landfill to an altitude of 680 ft where 

streams draining the site flow across the northern boundary.

Landfilling at Harrisburg Road started in 1973 on its southern border, 

southeast of Lake Hoffman, and has progressed in a generally northern 

direction, with current (1987) activity centered in the northeastern corner. 

The landfill is unlined, and excavation and fill techniques are used, with 

disposal of solid wastes above the water table. A 6-inch soil cover is 

applied to fresh waste daily. As a result of the continued development of 

the landfill, several of the monitoring wells initially used for water- 

quality sampling were destroyed as new landfill cells were created. Where 

landfill activities have been completed, a 2-foot final cover has been 

added, and on one 100-acre completed segment, a 9-hole golf course is 

currently under construction.

Bedrock has been reached at only a few test sites in the landfill. 

Drillers' logs of some of the wells constructed along the southwestern edge 

of the landfill indicate bedrock at depths of 90 to 100 ft, or at an 

altitude of 680 to 690 ft. Attempts to construct an observation and 

monitoring well just east of the present well, HBW7, were unsuccessful 

because of rock at a depth of 12 ft (approximate altitude, 732 ft). This 

rock may be large boulders or pinnacles of bedrock extending into the 

general body of saprolite and may not be representative of the general 

bedrock position in this area. Auger and split-spoon samples collected near 

well HBW2201 show bedrock at a depth of 84 ft (altitude 656 ft), and new 

well HBW2301 bedrock occurs at a depth greater than 109 ft (below altitude 

669 ft).
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Bedrock beneath the landfill is metamorphosed diorite, quartz diorite, 

and tonalite (Goldsmith and others, 1982). Split-spoon samples collected to 

bedrock on the northeastern part of the landfill during an engineering study 

consist predominantly of silty clays and sandy-silty clays which reflect the 

high level of in-place chemical weathering that has occurred here.

The altitude of the water table during March 1986 is shown on figure 5. 

Ground water throughout the landfill discharges either into one of the 

streams traversing the site or moves northward discharging to the main 

stream. The water-table configuration indicates that ground water within 

the landfill boundaries does not move southward across Pence Road or 

eastward across Harrisburg Road.

The thickness of the unsaturated zone, as determined by the depth of 

the water-table, ranges from 30 to 40 ft along the southwestern edge of the 

site to 5 to 12 ft near the streams. The water table is within the 

saprolite throughout the landfill as evidenced by ground-water level and 

bedrock-depth data. The upper part of the saprolite is in the unsaturated 

zone, and the lower saprolite, transition zone, and bedrock are in the 

saturated zone. A possible exception is just east of well HBW7 where 

bedrock is 12 ft below the land surface and lies in the unsaturated zone.

Holbrooks Road Landfill

The Holbrooks Road sanitary landfill (fig. 6), which opened in 1968 and 

closed in 1986, is in north-central Mecklenburg County approximately 5 mi 

north of the Charlotte city limit. The landfill covers 65 acres within the 

Clark Creek basin. The landfill comprises about 5.5 percent of the 

watershed upstream from surface-water sampling site HRSW1 on the South Prong 

of Clark Creek.

The landfill is near the eastern end of a long ridge that parallels the 

South Prong of Clark Creek. Holbrooks Road, which forms the southwest 

border of the landfill, lies at an altitude of around 755 ft; the land 

surface altitude adjacent to the South Prong of Clark Creek along the
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northeast border is about 660 ft. A small area along the western side is 

nearly 780 ft above sea level. The site is bisected by a short draw which 

carries water only during extreme rainfall events; its channel lies from 50 

to 70 ft below ridges on each side of it. A natural-gas pipeline is buried 

beneath this draw.

There are two landfill cells at the Holbrooks Road landfill, one on 

each side of the intermittent stream cutting through the landfill. The 

western landfill cell is the older disposal area. Excavation and fill 

techniques were used for disposal of mixed solid wastes above the water 

table, and a 6-inch soil cover was applied over each day's waste. The 

Holbrooks Road landfill was not lined with an impermeable layer. A 2-foot 

final cover of sandy-clay loam was placed over each landfill cell to inhibit 

infiltration of rainfall. Parts of this landfill are currently being used 

for a model-airplane recreational area.

No test-hole data were available concerning the depth to bedrock or 

bedrock lithology within the landfill cells, and outcrops of bedrock were 

observed at the landfill. However, the driller's log for well HRW3, which 

was constructed as a supply well for the landfill office, lists bedrock at a 

depth of 55 ft, or an altitude of about 680 ft. The driller described this 

material as gray and dark gray rock. Metamorphosed quartz diorite, diorite, 

and tonalite, which are locally porphyritic, underlie this area (Goldsmith 

and others, 1982). These rocks are similar to those at the other landfill 

sites.

The saprolite at the Holbrooks Road site contains granular quartz in a 

tan clay and silt matrix; this saprolite is different from the red and 

reddish brown sandy, silty clay saprolite commonly found throughout most of 

Mecklenburg County. The saprolite at the Holbrooks Road site may be derived 

from porphyritic quartz diorite or possible granitic material. The granular 

saprolite probably has a higher hydraulic conductivity than the more common 

red clay saprolite.
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Periodic water-level measurements were made only in observation wells 

HRW1, HRW2, and HRW5 because the other wells are water-supply wells and were 

unaccessible for water-level measurements. The observation wells are all 

located in one small area; therefore, construction of a water-table map was 

not possible from these data. Measurements made in April and July 1987 

indicate the water table ranged from 6.62 to 5.73 ft below land surface at 

these three wells.

Statesville Road Landfill

The Statesville Road landfill (fig. 7) is located in central 

Mecklenburg County in the northern part of Charlotte. This 140-acre 

disposal area, which opened in 1940 and closed in 1970, is the oldest of the 

four study sites. This site is located within the Irwin Creek basin, and 

this perennial stream cuts through the middle of the landfill. One refuse 

cell is located on each side of Irwin Creek. The drainage area upstream 

from gaging station SRSW11 is 5.97 mi 2 (square miles). Maximum topographic 

relief is nearly 100 ft (660- to 759-foot altitude) in the southeastern 

refuse area and 70 ft (660 to 730 ft) in the northwestern area. Land- 

surface slopes along Irwin Creek are relatively steep (20-percent slope).

The hydrologic setting at this landfill is believed to be similar to 

that of the other three study landfills; however, little is known about the 

depth to bedrock or thickness of the saprolite at this site. During a 1980 

engineering study (Law Engineering Testing Company, 1980), partially- 

weathered rock or dense silty sand that could indicate nearness to the top 

of bedrock was found in borings B-9, B-ll, and B-12 at depths of 15.0, 34.5, 

and 55.0 ft, respectively (fig. 8). This material lies at altitudes ranging 

from 668 to 675 ft, similar to that of the Irwin Creek channel in this area.

Throughout the major part of the Statesville Road landfill, refuse is 

buried in the saturated zone (fig. 8), hence the potential for ground-water 

contamination is great. Water samples from several borings, wells, and test 

pits constructed during the 1980 study were analyzed for specific 

conductance by the Mecklenburg County Department of Environmental Health and
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pH by the U.S. Geological Survey. Specific conductance values ranged from 

1,000 to 8,000 uS/cm (microsiemens per centimeter at 25 °C) (table 2). 

These values are substantially higher than those measured at surface-water 

sites (600-800 uS/cm) within and immediately downstream of the landfill 

during low-flow periods (Eddins and Crawford, 198A).

Table 2.--Specific conductance and pH of ground water at 
Statesville Road landfill

[]iS/cm, specific conductance in microsiemens 
per centimeter at 25 °C]

Site
number

Depth
(feet)

Date
sampled

Specific
conductance 1

(uS/cm)

PH 2

( standard
units')

Borings and wells

Boring B-2
Boring B-8
Well B-8
Boring B-12
Well B-12
Boring B-13
Well B-13

55.0
35
25
55
29
70
45.2

6-19-80
6-19-80
2- 4-81
6-19-80
2- 4-81
6-19-80
2- 4-81

4,600
4,000
4,900
7,100
8,000
4,200
8,000

7.6
6
6.5
6.5
7
7.2
8.3

Test pit

TP-7
TP-8
TP-14
TP-18

14
13
15
19

6-20-80
6-20-80
6-20-80
6-20-80

3,000
1,500
1,000
3,400

6.9
6.4
6.3
6.9

1Measured by Mecklenburg County Department of Environmental Health. 
2Measured by U.S. Geological Survey.

Ground-water level data collected in 1980 from borings, wells, and test 

pits and surface altitude data of Irwin Creek and small tributaries show the 

water table at the Statesville Road site slopes generally from both sides of 

the landfill toward Irwin Creek and to a lesser extent toward the small 

tributaries within and along the borders of the landfill (fig. 9). These 

ground-water levels indicate that reaches of these streams within the 

landfill are ground-water discharge areas, and the streams may receive 

landfill leachate.
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York Road Landfill

The York Road sanitary landfill is located in the Sugar Creek basin in 

southwestern Mecklenburg County (fig. 1). This 375-acre site, the largest 

of the study sites, was opened in 1968 and closed in 1986. An unnamed 

perennial stream in the southeastern part of the landfill collects most of 

the runoff from this landfill (fig. 10). The stream enters Sugar Creek 

about 600 ft below site YRSW9 and has a total drainage area of 1.02 mi 2 . 

Another small perennial tributary to Sugar Creek drains the northwestern 

part of the landfill.

Maximum topographic relief is 112 ft, from about 692 ft above sea level 

near well YRWB12A in the northeastern corner to a little less than 580 ft 

above sea level along Sugar Creek. Remnants of the undissected Piedmont 

plain are represented by relatively flat upland with land-surface altitudes 

ranging between 660 and 690 ft. These upland areas include a ridge 

extending from just south of well YRWA to well YRWB12A, isolated areas 

around wells YRWB16 and YRWB20, and areas along York Road at the 

southeastern edge of the landfill.

Landfill operations in the unlined York Road landfill began in the 

southern part of the area and progressed to the north (fig. 10). A 

combination of excavation and fill- and ramp-disposal techniques was used 

for disposal of mixed (residential, commercial, and industrial) solid wastes 

in the unsaturated zone. A 6-inch soil cover was applied to fresh refuse 

daily. A 2-foot final cover has been added, and a recreational area, 

including softball fields and an 18-hole golf course, is currently (1987) 

being constructed on parts of this landfill.

An engineering study conducted by Law Engineering Testing Company 

(1982) showed that bedrock depth throughout the northern part of the 

landfill and north of the landfill ranges from 17 ft to more than 63 ft 

below land surface as estimated from the depths of auger refusal or failure 

to bore deep enough to reach refusal at borings YRWB1 through YRWB23 (fig. 

10). Bedrock was determined to be at a depth of 68 ft at well YRWA by means
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of a neutron-density borehole geophysical log run by the U.S. Geological 

Survey. Auger refusal was at 69 ft in a test boring adjacent to well YRWA 

showing that, in this instance, depth of auger refusal is a good indication 

of depth to bedrock. Generally the altitude of the bedrock surface is 

higher in the eastern and northeastern parts of the landfill site than in 

the southern and western parts.

The predominant bedrock underlying the landfill has been mapped by 

Goldsmith and others (1982) as metamorphosed quartz diorite, diorite, and 

tonalite, which are locally porphyritic. Split-spoon samples collected near 

wells YRWA and YRWB in 1985 indicate a high degree of chemical weathering of 

the bedrock underlying the site. The majority of the saprolite samples 

collected there are silty clay to sandy and silty clays and silty sands. 

Samples collected near the points of auger refusal during the 1982 

engineering study were partially-weathered rock, micaceous sand, or stiff 

micaceous, sandy, clayey silt.

The altitude of the water table in November 1982 is shown on figure 11. 

Water-level measurements for the northern two-thirds of the map area were 

made from piezometers installed during the engineering study. No data were 

available for the southern part of the area during 1982, and water-table 

altitudes were estimated for that area from measurements made in wells YRW1, 

YRW2, and YRW3 in April 1984 and in well YRW6 in 1986. Water levels in nine 

wells and piezometers measured in November 1982 generally were less than 4 

ft lower than in April 1984. Measurements were made in well YRW6 soon after 

it was constructed in 1986; water levels in this well fluctuated less than 7 

ft throughout 1986 and 1987. Thus, estimates of 1982 water levels in the 

southern area based on 1984 and 1986 data are considered reasonable.

The configuration of water-table contours in figure 11 indicates that 

ground-water movement generally is to the west and southwest. Most of the 

ground-water discharges from the landfill area are to the two tributary 

streams with the remainder discharging into Sugar Creek.
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Measured water-table depths range from 2 ft near the streams draining 

the site to 52 ft beneath the upland area in the northeastern part of the 

landfill. The water table is within the saprolite throughout most of the 

site. However, it is within the bedrock in several areas where uplands are 

near the streams. At well YRWA on an upland ridge, bedrock is 68 ft below 

land surface, and the water table is 92 ft below land surface, indicating 

that 24 ft of the upper part of the bedrock was in the unsaturated zone. In 

several test borings, auger refusal occurred before the water table was 

reached. This situation was found at eight wells: YRWB4, YRWB15 through 

YRWB18, and YRWB20 through YRWB22.

COLLECTION OF WATER-QUALITY DATA

Water quality in the area of the four landfills was monitored during 

this investigation through a network of observation wells and surface-water 

sites. These sites are briefly reviewed in this section. The techniques 

used to collect and preserve the water samples for analysis are described in 

detail in Eddins and Cardinell (1987).

The numbering system used for the monitoring wells and surface-water 

sites in this report follows a preexisting numbering system used by 

Mecklenburg County. This system has been retained to maintain consistency 

with previous reports.

Ground-Water Sites

The ability to effectively use a monitoring well to detect the presence 

of a specific constituent in ground water depends on well location, depth of 

the well's intake interval, and the sampling procedure. The fact that 

various chemicals are attenuated within the hydrogeologic system to 

different degrees through adsorption and chemical interaction with other 

organic and inorganic constituents makes it difficult to predict the 

movement and fate of chemicals in ground water. Knowledge of the flow
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system is an essential precondition in assessing chemical contamination 

problems, and a monitoring program implemented without hydrogeologic 

information can give misleading results.

Sites for ground-water monitoring wells were selected upgradient, 

within, and downgradient of each of the four study landfills. Thirty-one 

existing wells, either residential or previously established monitoring 

wells, were used. Most of the ground-water monitoring wells were 

constructed during engineering studies conducted during the design of the 

sanitary landfills. A few observation wells were constructed later by or 

under the direction of U.S. Geological Survey investigators. These wells 

were constructed in or near areas where refuse cells were planned to monitor 

hydrologic changes caused by the operation of these cells. Considerable 

data at the Statesville Road landfill came from a feasibility study of 

possible recreational uses for the landfill site conducted about 10 years 

after waste disposal ceased in 1970.

An additional 23 monitoring wells were established as part of this 

study. Only three of these monitoring wells reach bedrock (Harrisburg Road 

landfill wells HBW1850 and HBW1 and York Road landfill well YRWA). 

Harrisburg Road and York Road landfills have the greatest number of 

monitoring wells (33 and 32, respectively) owing to the large number of 

wells previously established at those sites. Holbrooks Road and Statesville 

Road landfills had 6 and A wells, respectively, used for this study.

In addition to the ground-water quality sampling, water-level data were 

obtained at most wells for determining direction of ground-water movement. 

An inventory of ground-water monitoring wells included in this study is 

listed in table 3. Well locations are shown in figures 4, 6, 7, and 10.

Closely-spaced wells screened at different depths were not available 

during much of the study period at any of the landfill sites. One such 

group of wells was constructed adjacent to well YRW6 at York Road landfill 

at the end of this study. Each of these wells has a short screened interval 

so that leachate concentrations at various levels within the saturated 

saprolite could be determined.
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Surface-Water Sites

The foundation for the collection of surface-water quality data at 

landfill sites has three aspects. First is the monitoring of overland 

runoff from refuse cells to determine how landfill operations at or near 

land surface affects stream quality. Sampling streams draining the landfill 

at high flows provides these data.

Second, the discharge of leachate-bearing ground water into streams can 

have an effect on stream quality. The analyses of samples taken from 

streams draining the landfill during low flows are representative of ground- 

water discharge and any unattenuated leachate constituents present.

The third aspect is the need for data against which to judge whether, 

or the degree to which, the landfills have affected stream quality. 

Sampling sites upstream from the landfills can provide background 

information on which to evaluate downstream water-quality data.

Ten surface-water quality monitoring sites were established on streams 

near the four landfills by Eddins and Crawford (1984), and ten additional 

monitoring sites were established upstream and downstream of the landfills 

as part of this investigation. These sites were on streams ranging in size 

from small, intermittent streams with drainage areas of less than 0.10 mi 2 

to perennial streams with drainage areas in excess of 40 mi 2 .

Two of the sites were established as continuous-record gaging 

stations--HBSW2009 at the Harrisburg Road landfill and SRSW11 at the 

Statesville Road landfill. Streamflow, specific conductance, and 

temperature were recorded continuously at these two stations. These data 

are in annual water-resources data reports for North Carolina published by 

the U.S. Geological Survey (1980-86). Surface-water sites included in this 

study are listed in table 4 and are shown in figures 4, 6, 7, and 10.
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Table 4.- -Description of surface-water quality monitoring sites

[Location of sites shown on figures A, 6, 7, and 10. Record types: P, periodic
sample collection; C, continuous discharge; S, continuous specific

conductance and temperature; R, periodic stage]

Mecklenburg 
County

site number

; USGS 
station
number L

Date
established

Harrisburg

HBSW7A
HBLSW1506
HBSW2006
HBSW2007
HBSW2008
HBSW2009
HBSW2010

0212A29910
0212A29935
0212A29960
0212A29920
0212A299AO
0212A29930
0212A29915

Sept
Aug.
Dec.
Nov.
Nov.
Oct.
Sept

. 1982
1983
198A
1982
1982
198A

. 198A

Holbrooks

HRSW1
HRSW2

0212AOA995
0212AOA990

Apr.
Apr.

1983
1983

Statesville

SRSW2
SRSW3
SRSW11
SRSW12
SRSW1A

021A620810
021A620750
021A6211
021A623000
021A628700

Aug.
Oct.
Oct.
Apr.
Apr.

1979
1979
1979
1980
1980

Drainage 
area

(square miles)
Road landfill

0.12
.06

1
.AA
.5
.39
.3A

Road landfill

1.85
1.52

Road landfill

.03
3.A1
5.97

11.8
2A.9

Record
Number of 
samples

type Inorganic

P
P
P
P
P

C,P,S
P

P,R
P,R

P
P

C,P,S
P
P

15
6
A

15
1A
5
5

13
13

20
16
23
3
2

Organic

2
3
2
2
3
1
1

3
3

3
5
2
0
0

York Road landfill

YRSW8
YRSW9
YRSW9A
YRSW21
YRSW21A
YRSWA1

021A632330
021A6323AO
021A632335
021A6300
021A632322
021A632815

Aug.
Apr.
Oct.
Aug.
Aug.
Mar.

1979
1980
1981
1969
1982
1981

.37
1.02
.87

30.7
38
A1.2

P,R
P,R
P,R
C,P
P,R
P,R

1A
20
17
2

17
21

0
2
3
1
3
3

LU.S. Geological Survey downstream order identification number.
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SELECTED WATER-QUALITY INDICATORS

Water-quality indicators were selected to evaluate the potential 

effects of leachate on surface- and ground-water quality at the four 

landfills. These indicators include dissolved solids, specific conductance, 

three inorganic constituents, total organic carbon (TOC), and other specific 

organic compounds. This section reviews the formation of leachate, 

describes the use of the indicators in the evaluation process, and draws 

general comparisons of water quality indicators between landfills.

As water percolates through the solid waste within a landfill, it 

extracts dissolved or suspended materials produced from the decay of waste. 

This liquid, called leachate, represents an extremely complex mixture 

containing both soluble and insoluble, organic and inorganic, ionic and 

nonionic constituents. The effects of the leachate on receiving surface and 

ground waters might include the depletion of dissolved oxygen caused by 

oxidation of soluble organics; addition of objectionable taste and odors; 

limitations of water uses as a result of high dissolved solids; and the 

introduction of health hazards related to potentially toxic materials and 

microbial contamination. The average infiltration of 7.6 in. of rainfall 

per year in Mecklenburg County is indicative of the amount of water which 

could potentially infiltrate a refuse site and become leachate.

If refuse has been buried in the saturated zone, as may be the 

condition in some older dumps, the constant contact of water with the refuse 

can generate greater volumes of leachate and higher concentrations of 

dissolved constituents in the leachate than if the refuse were buried in the 

unsaturated zone. In the unsaturated zone, leachate flow is vertically 

downward, as precipitation, contaminants, and solutions of contaminants move 

under the force of gravity to the water table. Some chemicals in the 

leachate may be trapped in the unsaturated zone by adsorption onto soil 

particles and organic material and silt or clay particles where they can be 

altered by oxidation and microbial activity.
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Flow within the saturated zone is laminar with little mixing, and 

leachate reaching the saturated zone usually moves through the ground-water 

system in distinct leachate plumes. The shape and size of a plume depends 

on a number of factors, including the local geologic framework, length of 

the ground-water flow path, and type and concentration of contaminants. The 

density of contaminated fluids is another important factor in the formation 

and movement of a plume. Insoluble contaminants with a high specific 

gravity will sink, whereas those with a low specific gravity will float and 

stay near the water table and sometimes be within the capillary zone. These 

chemicals may move in different directions and at different rates from 

contaminants dissolved in the percolating ground water.

Water-analysis diagrams were used to compare concentrations of 

dissolved solids and major dissolved inorganic constituents in water 

samples. Diagrams of this type have been successfully used to examine (1) 

differences in background water composition caused by variations in bedrock 

or saprolite minerology, (2) mixing of one water source with another, (3) 

existence of a common source for two waters, and (4) influence of other 

factors, such as landfill leachate on the composition of ground or surface 

water at a site.

Specific conductance, chloride, hardness, and manganese were selected 

as indicators because (1) they have a history of successful use in detecting 

the existence and movement of leachate plumes in similar water-quality 

studies (U.S. Environmental Protection Agency, 1977); (2) they have been 

measured for the duration of the study; (3) they may have values that can be 

distinguishable from background levels; and (4) they are not significantly 

affected by well casing material or sampling procedures. Box plots are used 

to summarize the distribution of indicator values or concentrations for 

ground-water samples. Each box, shown later in this report, gives the 

median value (half of all values above, half below), the 75- and 25-percent 

quartiles, and the range of values. Also shown for comparison are mean 

values of indicator constituents at surface-water sites during base flow. 

Box plots were not computed for base-flow samples because of the small 

number of these samples.
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Total organic carbon concentrations were examined in water samples as 

an indicator of possible leachate contamination. TOG is a measure of all 

suspended, dissolved, and precipitated organic compounds. The measurement 

of TOG is analogous to specific conductance in that TOG is also a gross 

measurement that does not distinguish between individual compounds.

Water samples were analyzed for a large number of specific organic 

compounds of environmental concern (Eddins and Cardinell, 1987). The 

presence of these compounds at or above detectable limits was evaluated as 

an indication of a possible landfill source of contamination.

Inorganic Indicators 

Dissolved Solids

Water-analysis diagrams, modified after those proposed by Piper (1944), 

were drawn to show the relative dissolved solids concentration of major ions 

in surface and ground water for each landfill (fig. 12). The center of each 

circle is the location of the relative percentage of calcium plus magnesium, 

sodium plus potassium, sulfate plus chloride, and bicarbonate alkalinity for 

each analysis. The size of the circles in the diagrams is proportional to 

the dissolved-solids concentration of the sample.

The data in these diagrams represent samples taken in late 1985 and 

1986 at a small number of sites. Some general observations can be made from 

an examination of these water-analysis diagrams:

1. Dissolved-solids concentrations at the Harrisburg Road site are 

substantially lower than those at the other landfill sites;

2. Substantial differences between the composition of ground-water 

samples from upgradient, background wells (HBW1, HBW10, HBW1504, 

HRW4, HRW6, SRW20, YRW2, and YRW3) indicate either the influence of 

off-site sources or local differences in mineralogy.
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HARRISBURG ROAD HOLBROOKS ROAD

\ DIAMETER OF CIRCLE X 
INDICATES DISSOLVED SOLIDS, IN 

t MILLIEQUIVALENTS PER LITER

01 510 50 100 

SCALE OF DIAMETER

STATESVILLE ROAD YORK ROAD

Figure 12.--Water-analysis diagrams for ground water and surface water at
Harrisburg Road, Holbrooks Road, Statesville Road,

and York Road landfills.
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3. At all landfills, dissolved-solids concentrations in ground water 

increase as water moves downgradient. This is accompanied by an 

increase in the relative concentration of calcium, magnesium, and 

chloride, except at Harrisburg Road landfill, where alkalinity, not 

chloride, increased.

4. Increases in dissolved solids and the relative concentrations of 

calcium, magnesium, and chloride in surface waters as they flow 

through a landfill were noted for two streams. These increases 

occurred at the Statesville Road landfill between sites SRSW3 and 

SRSW11 on Irwin Creek and at the York Road landfill between sites 

YRSW9A and YRSW9 on the unnamed tributary to Sugar Creek.

5. There was no substantial change in the water quality of the main 

receiving streams adjacent to the Holbrooks Road landfill (between 

sites HRSW2 and HRSW1 on South Prong Clark Creek) or adjacent to 

the York Road landfill (between sites YRSW21A and YRSWA1 on Sugar 

Creek).

Specific Conductance

Specific conductance is a measure of the ability of water to conduct an 

electrical current. Because that ability is dependent on the concentration 

and speciation of dissolved ionic constituents, specific conductance has 

been empirically related to inorganic dissolved-solids concentrations, where 

dissolved solids (in milligrams per liter, mg/L) can be approximated by 

specific conductance (in microsiemens per centimeter at 25 °C, iiS/cm) 

multiplied by a factor generally ranging from 0.55 to 0.75 (Hem, 1985). 

Specific conductance has been successfully used for determining fluctuations 

and trends in ionic impurities in ground water and, more specifically, for 

monitoring landfill leachate. Specific conductance of fresh landfill 

leachate has been reported to range typically from 6,000 to 9,000 iiS/cm 

(U.S. Environmental Protection Agency, 1977), corresponding to a dissolved- 

solids concentration of approximately 3,300 to 6,800 mg/L. Perhaps the
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greatest advantage of specific conductance measurements is the high degree 

of accuracy combined with the ease and relatively low cost of data 

collection.

Box plots, showing the distribution of specific conductance 

measurements for individual well sites or groups of similar wells, are 

presented for each landfill in figure 13. Also indicated in the figure are 

mean low-flow values of specific conductance for surface-water sampling 

locations.

Many of the general observations noted from the water-analysis diagrams 

previously presented are also apparent from an examination of the specific 

conductance box plots. The difference between specific conductance at wells 

upgradient of each landfill ranges from a low median value of 46 ^iS/cm at 

Harrisburg Road (a composite value of 19 individual wells) to a high median 

value of 270 uS/cm at well SRW20 upgradient of Statesville Road. The high 

background specific conductance value at well SRW20 is higher than the 

specific conductance at most downgradient wells at Harrisburg Road or York 

Road landfills. In all instances, except well HRW2 at Holbrooks Road, 

specific conductance increased downgradient.

The specific conductance at certain wells, such as HRW1 or SRW21, 

located within landfill cells indicates that water quality is highly 

affected. Specific conductance values ranging from 1,500 to 3,500 ^S/cm 

were measured in ground-water samples collected from these wells within the 

buried refuse at Holbrooks Road and Statesville Road landfills. These 

values are higher than those of ground water collected from other wells 

during this study. The magnitude of specific conductance (and other 

indicators) within the refuse may vary substantially over short distances so 

that factors, such as well placement and screening depth, greatly influence 

the specific conductance value used to characterize the landfill leachate at 

a given site.
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Surface-water specific conductance increased in the streams passing 

through Statesville Road (Irwin Creek, SRSW3 and SRSW11) and York Road 

(YRSW9 and YRSW9A) landfills. However, no substantial differences in 

specific conductance values were detected for upstream-downstream station 

pairs for South Prong Clark Creek (HRSW1 and HRSW2) adjacent to Holbrooks 

Road landfill or Sugar Creek (YRSW21A and YRSWA1) adjacent to York Road 

landfill.

Although there are no water-quality criteria or standards for specific 

conductance, a level of acceptable values can be estimated from the 

empirical relation with dissolved solids. Water with a specific conductance 

greater than 770 ]iS/cm has a potential dissolved-solids concentration of 500 

mg/L or greater and, thus, is potentially objectionable as a water supply 

(U.S. Environmental Protection Agency, 1986). Several wells consistently 

exceeded (SRW21, SRW22, and HRW1) or approached (HRW5, YRW1, and YRW6) this 

limit of 770 uS/cm. Surface-water sites SRSW2, SRSW11, and YRSW21A 

occasionally exceeded or approached 770 ]iS/cm.

Chloride

Chloride is a highly mobile constituent in water and does not enter 

into significant oxidation or reduction reactions nor form complexes with 

other ions unless concentrations are extremely high. The ready solubility 

of metallic, alkali, or alkaline chloride compounds makes chloride a 

particularly useful indicator of landfill leachate because it is not 

susceptible to attenuation. For this reason, chloride can also be used 

effectively to evaluate the attenuation of nonconservative compounds within 

landfill leachate plumes. Chloride concentrations in landfill leachate have 

been reported as high as 3,000 mg/L, with typical concentrations of 

approximately 500 mg/L (U.S. Environmental Protection Agency, 1977).

Natural chloride concentrations in the surface waters of undeveloped 

basins in the North Carolina Piedmont are low, about 5 mg/L (Simmons and 

Heath, 1979). In a survey of wells in Mecklenburg County in 1952, chloride
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concentrations generally ranged from 4 to 20 mg/L (LeGrand and Mundorff, 

1952). The source of chloride is restricted to chloride-bearing minerals 

most often found in gabbro and diorite, such as is reported to underlie the 

studied landfills.

Chloride concentrations in wells upgradient of each landfill generally 

fell within the range noted by LeGrand and Mundorff (1952). Chloride in 

downgradient wells exhibited a much wider range of concentrations (fig. 14). 

At Harrisburg Road landfill, for example, chloride concentrations in 

downgradient wells increased 20 percent over upgradient levels; whereas, at 

York Road landfill chloride concentrations in water from well YRW6 were 20 

times greater than those from upgradient wells. The greatest increases in 

ground-water chloride concentration over upgradient levels were at Holbrooks 

Road (wells HRW1 and HRW5) and Statesville Road landfills (well SRW22).

The general pattern of chloride concentration at surface-water sampling 

sites is consistent with the pattern observed for specific conductance-- 

little change in mean chloride concentrations was seen between upstream and 

downstream sampling sites at either South Prong Clark Creek (HRSW1 and 

HRSW2) or Sugar Creek (YRSW21A and YRSW41) during low flows, although 

chloride concentrations increased at stations downstream of landfills at 

both Irwin Creek (from 5.5 mg/L at SRSW3 to 60 mg/L at SRSWll) and the 

unnamed stream at York Road landfill (from 6.5 mg/L at YRSW9A to 35 mg/L at 

YRSW9). The high chloride concentration in Sugar Creek, both upstream and 

downstream, appears to be caused by other sources upstream of the York Road 

landfill.

The highest median chloride concentrations during low flow were 

observed at downstream site SRSW2 at the Statesville Road landfill. This 

value is consistent with the high downgradient ground-water chloride values 

at this landfill (fig. 14).

45



** 
 

  « 
v 

s 
v 
/ 

i  
  
 

  
o 

H.
 

-V
A

//
- 

-\
 

-
5

A
. 

n
n
 

Y
 /
 V

 /
 

\ 
C

ft

EXPLANAT
ION

ERVATIO
N 

WEL
L 

BOX
 

PLO
T 

SURFACE-WA
TER 

S
 

value
s 

durin
g 

low
 

fl
 

HRW
3

SRSW
3 

  Upgrad
ient wel

l 
and

 
VUpstr

eam site
 

anc 

numbe
r 

SRSW
2

YRu/6
 ^FDown

stream site
 

  Downgra
dient wel
l 

and
number

 

$ure
 14
. 

--Summ
ary of
 

chloride-conc
entrat

id
, 

Holbroo
ks 

Roa
d, 

Statesv
ille 

Roa
d, an M
* 

H
- 

CD
 

"
  

o
 
H

H<
 §

 
g.

 
3 

  
m

i-i 
a.

 
c 

E 
I

W
 »

> 
3
o
^

rt
 

o-
 

-i 
®

O
 

® 
=> 

a.
 r

t

I-
* 

W
 

0
g) 

p) 
- 

- 
~

3
 

i-t
 

x
a.

 i-
t 

1  
 
  
 
 
 i 

-D
H

h 
H

« 
1-

 

W
 

i-t
 

^
 

-o
 

°-
 

-o
 

=r

C
H

L
O

R
ID

E
, 

IN
 
M

IL
L

IG
R

A
M

S
 
P

E
R

 
L
IT

E
R

-
*
 

0
 

_
L

 
C

-
i 

O
 

O
 

-»
  

O
 

C
 

J
.
O

 
O

 
O

-
^
 

O
 

O
C

I 
1 

1 
1 

1 
1 

1 1
 1 

' 
i 

1 
I 

1 1
 1

 1 
1 

| 
I 

i 
IH

T 
IT

T
1

 
1 

' 
1

 
 
 
 [H

- 
S

R
W

 2
0

 
| 

S
R

W
23

R
-I

J}
- 

S
R

W
2

2
  f

l-
 

|°
 

^
1 

(O
 

*
*

k
 

' ^
 

2.

  
. -

 
< 

1 °
 

=
 
   

g)
 

S
 

g
 

^
0
9

S 
-^ 

^ 
' 

°-

i 
1

-
 

 
 
 

Y
R

W
5
,B

1
,B

2
A

,B
5
A

,B
1
2
,B

1
2
A

,
I

 
 
 
 [_

 
 
 
 
 
 

Y
R

W
2

,3
,4

,A
,B

1
3

,B
1

4 |

 
 ̂

t^
S

^
s
! 
 
 

Y
R

W
1

 
| I 

O
Y

R
W

 6
 

-R
 

j 
'

1
1

-
®

 
i 

S
00

 
>

 
1 

-*
 

1 
1 

I 
i 

i 
H

 m
l 

i 
I 

i 
i 

il 
n 

1 
i 

i 
i 

i 
i 

1 
1 
ii

  
O

Q
 

JP
 

CD
 

CO
 

CD
 

CD
 
 

-i
 

3
 

-i
 

W
 

O
 

O
 

~
 

<
 

CD
 

CD
 

.,
 

CD
 

3
 

3
 

CO

| 
i 

i 
l 

M
 i
i|
 

i 
i 

i 
I 

1 1
 |

i|
 

i 
i 

* 
i 

i 
in

 
 
 
 1
|]
  
 
 A

ll 
o
th

e
r 

w
e

lls

ro
 

1 
01

 
^

 
 
 
 |J

3
  
 
 
 

H
B

W
 7

,1
 1

.1
2

.1
4

.1
4

A
, 

°
 

L
 

L
f-

1 
1

5
, 7

4
3
A

, 
1

8
5

0
,2

1
0

0
 

|
 

J

§
-j
D

 
°
 

5

CD
 (

Q
 

CD
 

J
J
 

CD
 

O

|-
 

£
c/>

-|
 

| 
|  
 

H
R

W
2

.3
.4

.6

H
R

W
5

 
-
S

K
-
 

P

I 
J
 

=
 

H
R

W
1

 
-f

ll-
 

f
!^

 
^T

 
O

<3
 

i 
  

00 
S

S
 

I 
Q

.
ro

 
| 

l 
i 

i 
l 

i 
l 
il
l 

1 
1 

1 
1 

1 
II
I 

1 
1 

1 
i 

l 
1 

II
I



Hardness

Hardness is the property of water attributable to the presence of 

alkaline earths, such as calcium, magnesium, strontium, and other divalent 

metallic cations. No water-quality criteria or standards have been set for 

hardness because there is no proven health- or environmental-related 

effects. Tolerance limits on hardness for specific industrial uses are 

generally accepted, however. Several classification schemes for hardness 

values have been proposed, such as that suggested by Durfor and Becker 

(1964) in which four classes of water hardness were defined: 0 to 60 mg/L 

classified as soft; 61 to 120 mg/L as moderately hard; 121 to 180 mg/L as 

hard; and more than 180 mg/L classified as very hard water.

Increases in hardness of water in landfill environments are attributed 

to mobilization of divalent metallic cations from cation exchange in native 

soils, especially clays, by the advancing leachate plume (U.S. Environmental 

Protection Agency, 1977). Some studies have shown this caused an increase 

in dissolved calcium and magnesium in the plume relative to conservative 

indicators, such as chloride. Representative hardness concentrations as 

calcium carbonate (CaC0 3 ) in landfill waters are usually between 300 and 

5,000 mg/L, although values of more than 22,000 mg/L have been reported 

(U.S. Environmental Protection Agency, 1977).

As with the previous indicators, hardness concentrations in ground 

water were lowest at the Harrisburg Road landfill, slightly higher at York 

Road, higher at Holbrooks Road, and highest at Statesville Road landfill 

(fig. 15). This is also evident when comparing hardness values between 

upgradient or downgradient wells at these landfills. This pattern may 

possibly reflect the greater availability of exchangeable calcium and 

magnesium in the geologic material at Holbrooks Road and Statesville Road 

landfills under both natural and leachate-enhanced weathering conditions.

Based on hardness concentrations in samples from each landfill, ground 

water from upgradient wells generally can be classified as soft, although 

water from the one upgradient well at Statesville Road landfill was
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moderately hard. Hardness concentrations from well HBW800 are shown 

separately, because based on 12 samples, the distribution did not correspond 

with hardness concentrations of the upgradient group with which it should 

belong, possibly indicating a specific local anomaly. Hardness 

concentrations in water from all downgradient wells ranged from soft to very 

hard but were mostly hard to very hard. Hardness of ground water from well 

YRW1 varied widely and increased with time.

All surface-water samples taken at the Harrisburg Road and Holbrooks 

Road landfills, the upstream sample on Irwin Creek at the Statesville Road 

landfill, and the sample taken from the unnamed tributary along the 

northwest side of the York Road landfill were classified as soft water. 

Water from Sugar Creek and the other unnamed southeast tributary at the York 

Road landfill was moderately hard. Hard to very hard water was observed in 

downstream samples at the Statesville Road landfill.

Manganese

Manganese resembles iron in its chemical characteristics and occurrence 

in waters, although it is generally less abundant. Manganese is naturally 

occurring within the minerals of igneous and metamorphic bedrock; as 

weathering of these minerals progresses, manganese oxide coatings form on 

the residual soils and clay. These natural oxide coatings and manganese 

from disposed materials are the principal sources for mobile manganese under 

chemically reducing conditions at landfills. The reducing conditions are 

caused by consumption of all available free oxygen by the biological and 

chemical decay of organic materials. When the supply of free oxygen has 

been depleted, oxygen from metal oxides, such as manganous or ferrous 

oxides, is utilized, releasing the metal ions into solution. For these 

reasons, high concentrations of manganese are excellent indicators of 

intensive biological activity and are of particular importance in 

delineating anaerobic zones.
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The main concerns with manganese in water are aesthetic in nature; 

manganese causes undesirable taste and discoloration of the water. It is 

that consideration, rather than any toxic concern, which has led to a 50 

Vig/L (micrograms per liter) standard for domestic water supplies (U.S. 

Environmental Protection Agency, 1986). Concentrations in landfill leachate 

have been reported as high as 100,000 ug/L (U.S. Environmental Protection 

Agency, 1977).

The relative manganese concentrations from water samples collected at 

upgradient wells at each of the four landfills differ in several ways from 

the general patterns observed for other indicator constituents. For 

example, low concentrations of manganese (more than half the samples were 

below the detection limit of 20 ug/L) were observed in water from one group 

of upgradient wells at the Harrisburg Road landfill (fig. 16). This could 

be anticipated because of relatively low background concentrations of the 

other indicator constituents. However, by contrast, water from a group of 

upgradient wells at the Holbrooks Road landfill, which contained very low 

median concentrations of manganese, also contained substantially higher 

levels of the other indicator constituents.

A second pattern of upgradient manganese distribution is seen in water 

samples from a second group of wells at the Harrisburg Road landfill. These 

wells are located in upgradient fringe areas around the landfill and yield 

water containing higher concentrations of manganese than the first group of 

wells described above.

Another difference seen in water-quality data for upgradient wells was 

that median concentrations of manganese were highest at the York Road 

landfill, whereas the concentrations of the other indicator constituents 

were relatively low. This is the reverse of the above situation where 

manganese concentrations were low and the other indicator constituents were 

higher.

50



IUU,UUU

10,000

1,000

cc
HI

-1 100 cc
HI 
Q.

CO

cc
o 10

: s i"
~ CD '"I

  CM" ^ c
0 CM C
CD T- '

 }
3

»- - CM

  o ^ i
5 '

o m o
CT>"

5
m
X

- ! n - i y/\\ h-fy
- // - 1 /v
- M T

LJ A.

o
cc
o
5 100.000             

z 
Hi"
CO
HI

 )

D

D

Range of 
surface water

Harrisburg Road

 

\*j\ ~
 

5
cc  
X =

.
^

UO _

oJ
5
cc

i

1 "=

5 HRSW 1^-7^ 

X HRSW 2  

-

Cp B. Holbrooks Road

-
3

CO

10,000

1,000

100

10

_

_

~̂

-
-

-

r
-

-

1[//
W
T

^ CM

1 1
CO CO

JL

T

f
EC 
CO
CM

5
cc
CO

1

T

M̂̂r
CM

5 W SRW 2

co 

^T SRSW 11

VSRSWS

C. Statesville Road

CM

ED

CM
m
CO

5
cc

I

T

co_

2: i
CO ^ _
CO =

m_ 3
CM  
m
< T r~ ~
m yy

S // W YRSW9A ~= 
< // ^ YRSW9 ^

5 ^2 YRSW a ~
5 V/ * YRSW 41 
°E |^ V YRSW21A -

JL I -=
-

T D. York Road ~

OBSERVATION WELL BOX PLOT

HRW3

Upgradient well and 
number

YRW6

Downgradient well and 
number

EXPLANATION

SURFACE-WATER SITES-Mean 
values during low flow

SRSW3 
X/Upstream site and number

SRSW2 
^Downstream site and number

BOX PLOT

J__ Highest value 

75 peruentile 

Median

25 percentile 

Lowest value

L_A I 25 percentile 
» below scale

Figure 16.--Summary of manganese data at Harrisburg Road, Holbrooks 
Road, Statesville Road, and York Road landfills.

51



The relative concentrations of manganese in samples from downgradient 

wells are generally consistent with the patterns observed among the 

landfills for other constituents. There is, however, a greater relative 

increase at each landfill between manganese concentrations from background 

and downgradient wells.

Dissolved manganese concentrations in surface water indicate that it 

was one of the few constituents which consistently exceeded its water- 

quality criteria for domestic supply near all four landfills (U.S. 

Environmental Protection Agency, 1986). The variability among the surface- 

water sites at Harrisburg Road landfill was greater for manganese than most 

other constituents. The usefulness of using manganese as an indicator of 

the effects of landfills on surface-water quality is demonstrated by noting 

that manganese is the only constituent with consistently higher 

concentrations in the streams draining the York Road landfill than in Sugar 

Creek, the receiving stream. Sugar Creek along this landfill was affected 

by numerous upstream point and nonpoint sources but was relatively 

unaffected by the landfill leachate.

Organic Indicators 

Total Organic Carbon

A total of 49 ground-water and 20 surface-water samples were analyzed 

for TOG. Variability of TOG concentrations, whether noted as differences 

among the landfills or as the difference between upgradient and downgradient 

(or upstream-downstream pairs for surface-water sites) sampling locations, 

were generally less than that noted for most inorganic water-quality 

constituents. The highest ground-water TOG concentrations were at 

downgradient wells at each of the landfills. These wells also had elevated 

concentrations of inorganic indicator constituents.

At Harrisburg Road landfill, the highest TOG value was 6.9 mg/L in 

water from downgradient well HBW1850, but a value of 5.5 mg/L was observed 

in water from well HBW10 upgradient from the landfill. This well site is
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lower topographically and downgradient from a nearby wood-processing plant, 

so the observed TOG value may be due, in part, to the influence of this 

plant. Samples of ground water from all other wells, both upgradient and 

downgradient of the landfill, had TOG concentrations less than 4 mg/L.

None of the observed values for TOG in surface water were less than the 

detection limit. These values ranged from 1.9 mg/L in Reedy Creek at the 

Harrisburg Road landfill to 8.2 mg/L in Irwin Creek at the Statesville Road 

landfill.

Specific Organic Compounds

Although TOG data provide useful information for assessing the effect 

of landfill leachate with regard to undesirable color, odor, taste, and 

oxygen deficit, the TOG determination cannot provide information on the 

presence of trace levels of potentially harmful organic compounds. Movement 

of these specific organic compounds in the ground-water system is highly 

dependent on the physical and chemical characteristics of the individual 

compound as well as the earth material through which a compound must move. 

Sorption is the main process controlling the migration of organic compounds 

in the subsurface. Retardation or attenuation is related to the carbon 

content of the solid phase and the octanol-water partition coefficient of 

the organic compound. In a refuse disposal area, abundant quantities of 

cellulose from paper products may retard the movement of many organic 

compounds by absorption. In addition, numerous aerobic and anaerobic 

biological processes can degrade organic compounds at rates varying from 

days to decades.

Identification and quantification of these trace organic compounds 

requires specific laboratory techniques to fractionate and segregate the 

individual compounds based on physiochemical properties. Four general 

groups of organic compounds were analyzed: (1) acid and base/neutral 

extractables, (2) purgable (volatile) compounds, (3) organochloride 

insecticide (polychlorinated biphenyls and polychlorinated naphthalenes), 

and (4) chlorophenoxy acid herbicides.
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A total of 40 wells were sampled for compounds belonging to one or more 

of these organic groups. The analyses for chlorinated insecticides and 

chlorophenoxy acid herbicides were performed most frequently (74 and 67 

ground-water samples, respectively). Acid and base/neutral extractables 

analyses were performed on 31 samples from 21 of these wells. Four volatile 

organic compound analyses were performed, all on samples from well HRW3. 

Twenty-four surface-water samples were analyzed for organic compounds, 

mostly for chlorinated insecticides and chlorophenoxy acid herbicides.

Results for most organic compounds were reported as being below 

detection limits. The most frequently identified compounds were the 

chlorophenoxy acid herbicides and two volatile chlorofluoromethanes.

Two chlorophenoxy acid herbicides were detected in more than one-half 

of the ground-watej: samples analyzed: 2,4 dichlorophenoxy acetic acid 

(2,4-D) and 2,4,5 trichlorophenoxy acetic acid (2,4,5-T). At three wells, 

the propionic acid species (2,4-DP and 2,4,5-TP or Silvex) of these 

compounds were detected. Although each of these herbicides is widely used 

and fairly hydrophilic (solubility ranging from 200 to 1,000 mg/L), and, 

therefore, mobile in a ground-water system, the frequency of its detection 

and persistence is unexpected as decomposition in the soil is generally 

estimated to take only several months (Connell and Miller, 1984). No 

apparent difference in the frequency of occurrence of these herbicides among 

landfills could be detected, and the differences in frequency of occurrence 

between upgradient and downgradient wells were not statistically 

significant.

These herbicides also were detected in 10 of 22 surface-water samples. 

All concentrations of these herbicides in either ground or surface water 

were below standards for domestic water supply, 100 yg/L for 2,4-D and 10 

yg/L for 2,4,5-TP (U.S. Environmental Protection Agency, 1984).

The two chlorofluoromethanes were detected in three of the four ground- 

water samples analyzed for volatile organic compounds. The most probable 

source of chlorofluoromethane is aerosol spray cans within the landfill. 

Although initially on the EPA list of priority pollutants, these compounds
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were removed in 1981. Currently, the principal environmental concern 

regarding these compounds is not water-related, but atmospheric ozone 

depletion.

Various phthalate esters used in the manufacture of many plastics were 

detected in six ground-water samples. Other than 1,3 dichlorobenzene 

(detected twice), no other organic compounds were detected more than once in 

ground-water samples. Lindane and dieldrin were each detected once in 

surface-water samples.

WATER-QUALITY CHARACTERISTICS AT LANDFILLS

Previous sections reported individually on the hydrologic environment 

at each landfill, operational histories, water-quality parameters best 

suited as indicators of leachate, and general comparative observations of 

indicators between landfills. This section focuses on the water quality at 

each landfill by bringing together some of this earlier information plus the 

areal distribution of water-quality indicators, background levels, leachate 

observations, environmental factors, factors outside the landfills that may 

influence water quality, and the need for additional data.

Harrisburg Road Landfill

The large number of wells at the Harrisburg Road landfill (33 for water 

levels, 28 for ground-water quality) provided data to determine direction of 

ground-water flow and background values for indicator constituents. 

However, the placement of additional wells could be improved to provide 

better vertical and areal coverage immediately downgradient of landfill 

cells. Some wells in the northeastern corner were discontinued or destroyed 

as development of the landfill continued. Wells in the western part of the 

site as yet are unaffected by past or current landfill development.
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Water quality was monitored at five surface-water sites on the three 

small, northward-flowing streams that drain the landfill. Two of the three 

drainage ponds located within the landfill were monitored. Unlike the other 

three landfills, there are no streams upstream of the landfill that were 

monitored to determine background surface-water quality.

Ground Water

With the exception of manganese, concentrations of inorganic indicators 

in ground-water samples from Harrisburg Road landfill were generally low in 

comparison to other landfill sites. However, data indicate that there is a 

group of wells with slightly higher concentrations of most of these 

constituents located in the northwestern parts of the landfill (fig. 17). 

The group consists of wells HBW7, HBW11, HBW12, HBW14, HBW14A, HBW15, 

HBW1850, and HBW2100, all downgradient of disposal areas (fig. 5). Although 

the concentrations of inorganic indicators at these wells are higher than 

background at this site, they are comparable to background values at other 

landfills, and the evidence for leachate migration is inconclusive.

One explanation for the differences in manganese concentration is 

differences in composition of soils and saprolite of the regolith. Another 

factor may be effects of nonlandfill-related activities, such as a wood- 

processing plant located near the southwestern part of the landfill. 

Although the other inorganic indicators from ground water in wells HBW8, 

HBW9, and HBW10, located closest to the plant, do not indicate such an 

effect, an elevated TOG concentration in HBW10 may reflect an influence of 

nonlandfill activity. A more detailed analysis was not possible with 

existing data.

Surface Water

Concentrations of inorganic indicators in surface water draining the 

Harrisburg Road landfill are also low in comparison to other sites. 

Although chemical differences among surface-water sites at the landfill are

56



O '
80 42 8 0° 4 1*

HBW743A

0 '
35 13

35 12

CHLORIDE 
(2.7 mg/U

HARDNESS 
(13 mg/L3

SPECIFIC CONDUCTANCE 
(45/iS/cm3

TOC 
(0.63 mg/UMANGANESE 

(25/cg/U
Shaded segment represents indicator 
constituent that exceeds background 
levels at a site or a group of sites.

Background levels from Eddins and Cardinell 
(1987] shown in parenthesis. Data sites 
identified in figure 4

Figure 17.--Distribution of sites where water-quality indicators 
exceed background levels at Harrisburg Road landfill.

57



minor, the data indicate that the western-most tributary has the lowest 

concentrations of most constituents--the opposite of what was observed for 

ground water in this area of the landfill. The water-analysis diagram for 

HBSW2006 shows that the chemical composition of surface water draining the 

Harrisburg Road landfill during base flow appears to be a mixture of 

background (HBW1, HBW10, HBW1504) and downgradient (HBW1AA, HBW15, and 

HBW1850) ground waters (fig. 12). No background surface-water site was 

present at this landfill.

Holbrooks Road Landfill

There are three wells upgradient and three wells downgradient of the 

landfill cells at the Holbrooks Road landfill. Well HRW1 is located at the 

toe of the older (western) cell and best situated to detect migration of 

landfill leachate. Well HRW5 is located approximately 300 ft further 

downgradient. Well HRW2 is the only well located downgradient of the newer 

landfill cell. All three of these wells are relatively shallow, the deepest 

being well HRW5--screened between 7.5 and 12.5 ft deep. Well HRW2 is very 

shallow--screened between 1.1 and 6.1 ft deep.

A short valley or draw tributary to South Prong Clark Creek divides the 

eastern and western halves of the landfill. This draw seldom carries water 

and was not sampled. Surface-water samples were collected from South Prong 

Clark Creek at one upstream and one downstream site. The landfill 

represents one-third of the intervening area between these sites and about 6 

percent of the total basin area at the downstream station.

Ground Water

Placement of well HRW1 at the toe of the western landfill cell allows 

the observation of leachate directly from that older cell (fig. 6). 

Specific conductance and hardness values in ground water here were an order 

of magnitude higher than background, as schematically depicted in figures 13 

and 15.
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The increase in both chloride and manganese was even larger, approximately 

40-fold for chloride (fig. 14) and 1,000-fold for manganese concentrations 

(fig. 16), and the organic indicator, TOC, was more than 10 times background 

values in upgradient wells.

Leachate has been observed in seeps at the toe of the western cell and 

north of well HRW5. HRW5 was so located to monitor the characteristics of 

the leachate plume further downgradient. Water from this well also showed 

an increase in indicator constituents above background values (fig. 18). 

For indicators other than manganese, values are generally more than 10-fold 

greater than background values; manganese concentrations at HRW5 were 20 

times higher.

Ground water from well HRW2 at the toe of the eastern cell did not show 

the influence of leachate in any indicators other than hardness and 

manganese. Two reasons for this lack of effect of the landfill on other 

indicator constituents at well HRW2 are that (1) not enough time has elapsed 

for leachate to develop and migrate from the younger disposal area to the 

well, and (2) the well is screened to a depth of 6.1 ft, which may not be 

deep enough to sample leachate beneath the well.

Surface Water

There is no apparent effect of the landfill on the water quality of 

South Prong Clark Creek. Data for specific conductance and chloride 

concentrations (fig. 19) are nearly identical at the upstream (HRSW2) and 

downstream (HRSWl) sampling locations. However, the observed water quality 

at wells HRW1 and HRW5 suggests that leachate may eventually affect the 

water quality of the unsampled tributary.
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Statesville Road Landfill

Four wells in or adjacent to the Statesville Road landfill were 

sampled. Well SRW21 is near the eastern side of the west landfill cell 

(fig. 7) and is situated for determining ground-water quality directly 

beneath the landfill. Well SRW22 is outside of the southwestern corner of 

the west landfill cell and may or may not be positioned to detect effects of 

the landfill on ground-water quality. Two wells are located upgradient of 

the landfill to provide background data.

Irwin Creek flows to the southwest through the Statesville landfill. 

Surface-water samples were collected upstream of the landfill (SRSW3), 

immediately downstream of the landfill (SRSW11), and at a small tributary to 

Irwin Creek that drains the western landfill cell (SRSW2). The landfill 

area is approximately 10 percent of the intervening drainage area between 

sites SRSW3 and SRSW11. Samples were also collected further downstream at 

three other sites on Irwin or on Sugar Creek.

Ground Water

Concentrations of indicator constituents for ground-water samples taken 

from wells SRW20 and SRW23R, which should reflect background ground-water 

quality, were generally higher than those values obtained at background 

wells located near the other landfills (figs. 13 and 16). For all indicator 

constituents except manganese, the concentrations obtained at SRW20 were 

twice those from SRW23R (fig. 20). There are no apparent differences in the 

geology or geochemistry in the areas of these wells. These two wells are in 

an established neighborhood that is several decades old, and both are near 

commercial establishments, such as a service station. The background 

ground-water quality at these wells may be affected by the commercial and 

residential development.
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The highest values for all indicator constituents, except chloride, 

were from water samples collected from beneath the landfill at well SRW21. 

The unexpectedly low chloride concentrations (median 6.4 mg/L) at SRW21 are 

near background levels and were decreasing up to the time of the last 

sample. It is possible that chloride, which is very mobile and readily 

dissolved, has been nearly leached, or that the fill in that immediate area 

did not contain much chloride. In either case, however, this anomaly is 

areally limited, as base flow in the nearby tributary stream (SRSW2) 

contained chloride concentrations above 100 mg/L during the period.

The lack of additional ground-water level data near well SRW22 made it 

difficult to determine the direction of ground-water flow at this location 

and, thus, to assess whether the well would intercept leachate. Water- 

quality data, however, indicated that ground water was affected by leachate 

at SRW22. Although values of indicator constituents were generally not as 

high as at SRW21, values were substantially above levels in water from wells 

SRW20 and SRW23R. Chloride concentrations were generally above 100 mg/L; 

hardness values were above 340 mg/L as CaC0 3 ; the median specific 

conductance value was nearly 1,000 uS/cm, and manganese concentrations were 

more than 700 ug/L. During the study period, there was little variability 

of indicator constituents in ground water at each well, and the data showed 

no evidence of temporal trends other than the decline in chloride at SRW21.

Surface Water

Values of indicator constituents in surface water, except TOG, were 

higher at site SRSW2, on the small tributary which flows through the 

landfill to Irwin Creek, than at any other surface-water monitoring site in 

this study. The contributions from this tributary significantly increased 

the concentrations of indicator constituents in Irwin Creek. Figure 21 

presents specific conductance, chloride, and hardness data for surface-water 

samples collected from Irwin Creek at sites upstream (SRSW3) and downstream 

(SRSW11) from the landfill and from the unnamed tributary (SRSW2). The 

change in water quality between sites SRSW3 and SRSW11 on Irwin Creek is
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clearly apparent, especially the 10-fold increase in chloride concentration. 

Manganese concentrations also increased nearly 5-fold between SRSW3 and 

SRSW11. Such increases are not unexpected because much of the waste is 

buried in the saturated zone and leachate, no doubt, forms a considerable 

part of the base flow from this landfill area. Data collected at other 

sites further downstream indicate that high concentrations of all indicator 

constituents in Irwin Creek are diluted by other waters entering Irwin and 

Sugar Creeks.

York Road Landfill

Four wells (YRW1, YRW2, YRW3, and YRWA) are in the area of the 1981-83 

landfill cell, with YRW1, at the toe of the cell, the best location to first 

detect leachate plume migration. One well, YRW6, is downgradient of the 

older parts of the landfill. Other monitoring wells provided background 

water-quality information; some were abandoned as new cells were 

established, and some were sampled only once.

Three surface-water sites were located on Sugar Creek and had fairly 

large drainage basins that exceeded 30 mi 2 . Site YRSWA1, was the only 

station downstream of the York Road landfill on Sugar Creek and had a 41.2 

mi 2 basin drainage area. The landfill represents about 1 percent of this 

total drainage area. Two surface-water monitoring stations were established 

on the unnamed tributary which drains the eastern and southern areas of the 

landfill. Site YRSW9A is located downstream of the 1981-83 disposal area. 

Site YRSW9 was further downstream, and the intervening drainage area 

included most of the pre-1980 disposal cells. The remaining surface-water 

sampling site, YRSW8, was established on the unnamed tributary draining the 

northwestern part of the landfill. During the study, this stream was 

virtually unaffected by past or current landfill activity, and data at the 

monitoring site provided background information.
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Ground Water

Samples from wells YRW1 and YRW6 show the largest effects of leachate 

from the York Road landfill moving into the ground-water system. Indicator 

constituents of specific conductance, hardness, chloride, and manganese in 

water from both wells showed an increase above background values (figs. 

13-16). In addition, TOG values from well YRW1 were also above background 

(fig. 22). Both wells were downgradient from disposal cells (fig. 10), and 

elevated indicator constituents were not unexpected.

High concentrations of manganese were also observed in several 

background monitoring wells YRW3, YRWB2A, and YRWB12 (fig. 16). Although 

the other indicators reflected normal ground-water quality ranges at these 

sites, the median manganese concentration was 5 times higher than other 

background sites.

The variability of indicator constituents with time marks the progress 

of a leachate plume in the ground-water system. The temporal variability of 

these constituents, as measured in samples from well YRW6, did not show any 

notable pattern; leachate apparently arrived before sampling began and 

showed little change during the study. However, substantial temporal 

changes were seen in water-quality data from well YRW1. Beginning about 

1985, or 2 years after closure of the cell, indicator constituents of 

specific conductance, chloride, manganese, and TOG increased markedly over 

background values measured during the previous 4 years (fig. 23). These 

data time the arrival of the leachate plume from this landfill cell.

Samples from background wells on the landfill property (YRW2, YRW3, 

YRW4, YRWA, YRWB13, and YRWB14) had values for indicator constituents 

ranging from 20 to 50 percent above background values from off-site wells. 

The number of samples was too limited and variability of measurements too 

large to assess the significance of these values.
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Figure 22.--Distribution of sites where water-quality indicators 
exceed background levels at York Road landfill.
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Surface Water

The unnamed tributary to Sugar Creek draining the eastern and southern 

parts of the York Road landfill is more affected by leachate than is the 

tributary draining the westernmost part of the landfill. For most 

constituents, concentrations increase downstream between sites YRSW9 and 

YRSW9A. Figure 24 presents specific conductance, chloride, and hardness 

values for a number of samples collected on the same day to illustrate the 

differences in water quality in these tributaries. The indicators for the 

unaffected tributary at site YRSW8 are lowest, whereas these constituents 

are in greater concentration and increase downstream in the southeast 

tributary.

Concentrations of inorganic indicator constituents at each site during 

base flow generally reflect the quality of the contributing ground water. 

At site YRSW8, the water quality corresponded to that in background wells 

(fig. 23); at site YRSW9A, stream base-flow quality corresponded to a 

mixture of background quality and the water quality in wells YRW1, YRW2, 

YRW3, and YRW4; and, at site YRSW9, the quality was the result of the 

combined input from upstream site YRSW9A and the leachate composition 

observed in well YRW6. Data at site YRSW9A did not indicate any temporal 

change in concentrations of indicator constituents as observed at well YRW1.

Results indicate that the York Road landfill had no appreciable effect 

on water quality in Sugar Creek. Comparing data collected on the same days 

at sites YRSW21A and YRSW41 showed no substantial difference for any of the 

indicator constituents. This may be due, in part, to the fact that the 

landfill represents only 1 percent of the basin area. However, 

concentrations of most constituents in Sugar Creek were higher than those at 

site YRSW9 because of the cumulative effects of numerous point discharges 

and four other landfills upstream. Manganese was the only indicator higher 

in the southeast tributary than in Sugar Creek.
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SUMMARY

The hydrogeologic setting for landfills in Mecklenburg County, North 

Carolina, is typical of that for the North Carolina Piedmont; that is, it is 

a 3-stage system that consists of a regolith, a transition zone, and 

fractured crystalline rock. On the average, about 7 in. of rainfall enters 

the ground each year and percolates vertically through the unsaturated zone 

to the water table. From there, ground water moves laterally down the 

hydraulic gradient to discharge into streams. Beneath landfills, rainfall 

sometimes becomes mixed with a variety of chemical constituents forming a 

leachate that can contaminate the ground-water system and the streams 

receiving ground water.

The effect of landfill leachate on ground- and surface-water quality 

was investigated at four landfill sites in Mecklenburg County in the mid 

1980's. These were the Harrisburg Road landfill, the Holbrooks Road 

landfill, the Statesville Road landfill, and the York Road landfill. A 

total of 53 wells and 20 surface-water sites in or near the landfills were 

monitored during the investigation.

Although the water samples were analyzed for more than 100 

constituents, six properties or constituents were found to be the best 

indicators of leachate in the water chemistry. The indicators were specific 

conductance, chloride, hardness, manganese, total organic carbon, and 

dissolved-solids concentrations. Several organic pesticides and herbicides 

also were useful as indicators of leachate in some waters.

The interpretation of ground- and surface-water quality data at or near 

a landfill is complicated both by the complex chemical nature of landfill 

leachate and uncertainties in describing ground-water flow. Placement or 

depth of monitoring wells has an important bearing on which part of the 

ground-water system is measured and, consequently, on the interpretation of 

the data thus gathered. Where monitoring wells have been placed in or 

immediately adjacent to waste-disposal areas, the influence of landfill
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leachate on ground-water quality can be readily apparent. At greater 

distances, this influence is not always as apparent, and knowledge of 

ground-water flow paths becomes increasingly important.

Similar problems occur in evaluating the effects of the landfill on 

surface-water quality. Whereas the effects were apparent at several of the 

smaller tributaries, the effects of leachate were often masked by dilution 

in larger streams. Therefore, surface-water concentrations alone were not 

necessarily an indication of which landfill sites were contributing greater 

loads of contaminants to the stream but were merely indicative of the 

greater assimilative capacity of the larger streams.

Within these limitations, ground-water and surface-water quality at the 

four Mecklenburg County landfills can be summarized as follows:

1. Differences in the composition of ground water at unaffected sites 

in the four landfills indicated differences in local bedrock and 

regolith minerology at each site.

2. Dissolved-solids concentrations and specific conductance in samples 

collected at downgradient wells were higher than those in 

upgradient wells at all four landfills. The increases were 

greatest in those wells closest to older disposal cells.

3. Chloride, manganese, and hardness concentrations in samples from 

downgradient wells increased more than did concentrations of the 

other indicators.

A. Water from several wells at Statesville Road, York Road, and 

Holbrooks Road landfills and surface-water sites at Statesville 

Road and York Road landfills had specific conductance values (taken 

as an indication of dissolved-solids concentrations) that might 

make them objectionable as water supplies.
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5. Hardness was higher than background concentrations in most wells 

downgradient from landfills. Waters from six of these monitoring 

wells were classified as either hard or very hard. Upgradient 

wells generally contained soft water. Statesville Road landfill 

was the only site with hard or very hard surface waters.

6. Manganese concentrations showed the largest relative differences 

between upgradient and downgradient ground water. The downgradient 

increase in downgradient manganese was as large as 1,000-fold at 

Holbrooks Road landfill. Manganese concentrations at some 

upgradient and nearly all downgradient wells at each landfill 

exceeded 50 ug/L.

7. Differences in organic concentrations between upgradient and 

downgradient wells were not as well defined as for inorganic 

constituents. However, at three of the four landfills, the highest 

total organic carbon concentrations were at downgradient wells.

8. Two chlorophyenoxy acid herbicides, 2,4-D and 2,4,5-T, were 

detected in more than half the ground-water and nearly half of the 

surface-water samples. Chlorofluoromethane was detected in three 

of four ground-water samples analyzed for volatile organic 

compounds. Concentrations of other organic compounds were below 

detection limits.

9. Harrisburg Road landfill had the least effect on surface- and 

ground-water quality during the period of the study. 

Concentrations of most indicator constituents were low. This may 

be due to the fact that this is the youngest landfill, and waste 

disposal was progressing in a downgradient direction relative to 

ground-water flow.

10. Well HRW1, immediately downgradient of the western disposal area 

at Holbrooks Road, was substantially affected by leachate. Well 

HRW2, downgradient of the eastern disposal area, did not appear
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affected, perhaps because of the younger age of this disposal area 

or the shallow depth of the well. There was no apparent effect of 

Holbrooks Road landfill on the South Prong of Clark Creek.

11. Statesville Road landfill was the oldest studied and appeared to 

influence water quality more than the other three landfills. The 

largest concentrations of most constituents were at well SRW21 and 

surface-water site SRSW3. These larger concentrations may result, 

in part, from the burial of refuse within the saturated zone in 

more than half the landfill. The water quality of Irwin Creek, as 

a result of the landfill, was substantially affected.

12. Older disposal areas in the southern half of York Road landfill 

were observed to affect adjacent surface- and ground-water 

quality. Temporal trends at well YRW1 indicated that leachate 

from the more recently used disposal areas were beginning to 

affect ground water. Influence of the landfill on the water 

quality of Sugar Creek was not evident.

The oldest landfill (Statesville Road) and the older sections of the 

Holbrooks Road and York Road landfills have had the greatest effect on the 

ground water and surface water at these sites. There was little evidence of 

ground- or surface-water quality changes at the Harrisburg Road landfill. 

These results illustrate influence of time on the movement of pollutants in 

ground water.
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