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HYDROGEOLOGY AND EFFECTS OF LANDFILLS ON 
GROUND-WATER QUALITY, SOUTHERN FRANKLIN COUNTY, OHIO

CORRECTIONS

p. 10, 5th paragraph; line 3 should read: "have low volatility 
and are not easily degraded..."

p. 11, 4th paragraph, line 3; the word "or" should be deleted 
from end of line.

p. 33, 2d paragraph; line 6 should read: "concentrations of
potassium and flouride generally are less than 4 mg/L."

, 5th paragraph; lines 3 and 4 should read: "Levels of 
carbon dioxide range from 30 to 101 mg/L with a median 
concentration of 51 .5 mg/L.

p. 35, 6th paragraph; line 2 should read: "(17 to 220.

    , 7th paragraph; line 2 should read: "530 mg/L ..."

    , 8th paragraph; line 2 should read: ". . .820 mg/L..."

p. 36, last column, 6th line from top; maximum value for dissolved 
solids, residue at 180 deg. C, should be 1970 mg/L.

p. 38, 2d paragraph; line 1 should read: "Ammonia, which has a 
median concentration of 15 mg/L..."

, 2d paragraph; line 6 should read: "...(0.0 to 2.0 mg/L)... 

, 4th paragraph; line 6 should read: "to 330 mg/L..."

, 8th paragraph; lines 2 and 3 should read: "...range from 
0.5 to 2.7 mg/L with a median of 1.2 mg/L..."
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CONVERSION FACTORS

For the convenience of readers who prefer to use metric 
(International System) units, conversion factors for terms used 
in this report are listed below:

Multiply Inch-Pound Units

inch (in) 
foot (ft) 
acre
mile (mi) 
square mile (mi 2 ) 
cubic yard (yd 3 ) 
cubic foot per second 

(ft3/s)

To Obtain Metric Units

25.4
0.3048
0.4047
1.609
2.590
0.7646

43.81

millimeter (mm) 
meter (m) 
square hectometer 
kilometer (km) 
square kilometer (km 
cubic meter (m3 ) 
liter per second 

(L/s)

(hm 2 ) 

2 )

ABBREVIATIONS AND SYMBOLS

Abbreviation

°C, deg. C
ft3/s
mg/L

jam

ND 

ppm

Description

degrees Celsius
cubic feet per second
milligrams per liter
micrograms per liter
micrograms per kilogram
micrometer
microsiemens per centimeter

at 25°C
constituent not detected 
constituent not analyzed 
parts per million

U.S. ENVIRONMENTAL PROTECTION AGENCY (USEPA) 
DESIGNATIONS FOR CHEMICAL SUBSTANCES

HS 
HW 
HWC 
FTP

hazardous substance 
hazardous waste 
hazardous waste constituent 
priority toxic pollutant

Specific information on these designations can be found in 
works listed in the Selected References section of this report 
(U.S. Environmental Protection Agency, 1978af 1978b, 1979, 1980af 
1980b).
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HYDROGEOLOGY AND EFFECTS OF LANDFILLS ON GROUND-WATER QUALITY,

SOUTHERN FRANKLIN COUNTY, OHIO 

By Jeffrey T. de Roche

ABSTRACT

Hydrogeology and water quality were evaluated near five land­ 
fills along a 5-mile segment of the Scioto River valley south of 
Columbus, Ohio. Heterogeneous surficial deposits of sand, gravel, 
and till up to 160 feet thick are hydraulically connected to the 
underlying Devonian limestone, the landfills, and Scioto River, 
which has been leveed with 12 to 35 feet of refuse. Ground-water 
withdrawals caused a maximum 21-foot decline in ground-water 
levels from 1979 to 1982. The study reach of Scioto River within 
the influence of ground-water pumping is a losing stream, except 
for a small segment adjacent to one landfill.

Analysis of variance indicated significant differences in 
ground-water quality between wells upgradient of landfills, down- 
gradient of landfills, and wells penetrating refuse. Elevated 
specific conductance and concentrations of total dissolved solids, 
ammonia, carbon dioxide, and dissolved organic carbon in water 
from wells downgradient from and penetrating landfills indicate 
leachate production and migration is occurring.

Analysis of bed-material samples from Scioto River and Scioto 
Big Run revealed concentrations of polynuclear aromatic hydro­ 
carbons ranging from 220 to 9,440 micrograms per kilogram of sedi­ 
ment (>ig/kg) and concentrations of toxic metals ranging from 
1 to 720 jig/kg. Samples from an upstream control station on 
Scioto River contained no organic compounds and lower concentra­ 
tions of metals (ranging from 1 to 260 jug/kg) . Because of multi­ 
ple land uses within the study area, organic compounds recovered 
from the streambed sediments cannot be attributed to any single 
source.

The generation of hydrogen sulfide and methane gases, pres­ 
ence of a zone of increased hardness, elevated concentrations of 
common ionic species, and dominance of ammonia over other nitrogen 
species indicate that leachate is being produced and is migrating 
from four landfills and the river levee. Based on hydraulic rela­ 
tionships between ground water and surface water, it is highly 
probable that ground water contaminated by leachate from the levee 
and from one of the landfills is discharging to Scioto River. 
Leachate-enriched ground water from other landfills also may begin 
to discharge to the river if water-withdrawal patterns in the 
study area change.



INTRODUCTION

The City of Columbus, Ohio, has constructed an induced- 
infiltration water-supply system in the highly permeable glacial 
outwash aquifer between Scioto River and Big Walnut Creek (fig. 1). 
The sources of supply for the water system are the sand-and-gravel 
aquifer and water percolating through the streambeds of Scioto 
River and Big Walnut Creek. The presence of several large land­ 
fills adjacent to Scioto River (2 miles upstream from the well- 
field) could adversely affect the quality of the water supply.

The U.S. Geological Survey began a study in 1981, in coop­ 
eration with the City of Columbus, Division of Water, to obtain 
hydrogeologic and chemical-quality information in the vicinity of 
the landfill area. This study will further understanding of the 
potential impacts of solid-waste disposal on glacial outwash 
aquifers. The use of statistical methods to investigate varia­ 
tions in ground-water quality demonstrates a valuable tool that 
can be used in future studies of aquifers affected by solid-waste 
disposal.

Purpose and Scope

The primary objectives of this report are to: (1) Describe 
the geologic and hydrologic setting in which the landfills are 
located, (2) characterize the ground-water and surface-water 
quality in the vicinity of the landfills, and (3) determine the 
effect of landfills on ground-water quality.

Data for evaluating the hydrogeology of the study area were 
obtained from 37 wells, 4 surface-water sites, and 1 seep. Two 
continuous ground-water level recorders and a precipitation gage 
were installed near an existing surface-water gage (site FR-266, 
Scioto River at Columbus, Ohio) to aid in evaluation of ground- 
water/surface-water relationships. Gain/loss studies conducted on 
Scioto River and on a tributary provided additional information on 
aquifer-stream relationships.

Water-quality samples were obtained from 21 ground-water wells 
and from 2 surface-water sites. Water-quality samples were ana­ 
lyzed for field-measured properties, major anions and cations, 
trace metals, nutrients, and base/neutral- and acid-extractable 
organic compounds. Aquifer materials from two wells and streambed 
sediments from three sites were analyzed for base/neutral- and 
acid-extractable organic compounds. Streambed sediments also were 
analyzed for trace metals. Hydrogeologic relationships and sta­ 
tistically significant water-quality variations are used to illus­ 
trate the effects of landfills on water quality.
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Physical Setting and Land Use

The 15-mi^ study area is located in central Ohio in the 
southern part of Franklin County just south of Columbus. 9 The five 
landfills investigated (fig. 2) are located within a 6-mi^ area 
near Scioto River. Descriptions of the landfills as of 1982 are 
summarized in table 1.

Single-family residences, commercial buildings, and manufac­ 
turing establishments are located in tne western half of the study 
area. A rendering plant is located south of landfill 3, and sewage- 
treatment facilities for the City of Columbus are immediately north 
of landfill 4. South of landfill 4 is a trash-burning powerplant 
that began operating on a limited basis in 1983. The remainder of 
the study area is occupied by several sand, gravel, and limestone 
quarries.

The study area is drained by Scioto River and its tributaries. 
The topography in the study area is generally flat; slopes are 50 
to 70 feet per mile towards Scioto River. The land-surface eleva­ 
tion ranges from 770 feet above sea level in the western part of 
the study area to 680 feet near Scioto River.

Previous Investigations

The Scioto River valley in southern Franklin County has been 
studied extensively in recent years. A report by Schmidt and 
Goldthwait (1958) provides information on the geology and ground- 
water resources of Franklin County. A study by Stowe (1979) 
discusses the hydrogeology of the Scioto River valley in south- 
central Franklin County. A series of U.S. Geological Survey re­ 
ports by Weiss and Razem (1980), Razem (1983), and de Roche and 
Razem (1984), discuss the hydrogeology and water quality of the 
Scioto River valley immediately south of the landfill area.

Site-specific studies of one landfill prior to its expansion 
were done by the Ohio Environmental Protection Agency (1974) and 
Emcon Associates (1975). A series of geotechnical studies to 
determine foundation requirements in the study area were done by 
Alden E. Stilson and Associates (written commun., 1975-81). A 
preliminary investigation by de Roche and Razem (1981) provided 
background data on ground-water quality in the vicinity of the 
landfill sites.

Ack nowledgments

The author acknowledges the cooperation of the City of 
Columbus, Division of Water and Division of Sewerage and Drainage, 
Alden E. Stilson and Associates (for providing borehole logs and 
technical information), and American Aggregates Corporation (for 
providing data and allowing observation wells to be drilled on 
their property). The author also expresses thanks to area busi­ 
nesses and homeowners for permitting access to their wells.
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METHODS OF INVESTIGATION 

Well Installation

The data-collection network (fig. 3, table 2) consists of 37 
wells, 4 surface-water sites, and 1 seep. In addition to existing 
wells, 12 monitoring wells were drilled by means of a hollowstem, 
continuous-flight auger. Special methods and cleaning agents were 
chosen to minimize the effect of well installation on the ambient 
chemical quality of the aquifers being studied.

To avoid the addition of any liquid not native to the aqui­ 
fers, all wells were augered without the use of a drilling fluid 
whenever possible. Before going downhole, all augers were cleaned 
with hexane1 and flushed with distilled water. Upon removal from 
the hole, augers were scrubbed with tap water, cleaned with hexane, 
and flushed with distilled water.

Wells were cased with 2-inch threaded, flush-fit polyvinyl 
chloride (PVC) casing and screens, thereby eliminating the need 
for organic PVC solvents. Wells were screened with OJDlO-inch 
continuous-slot, PVC well screen. Gravel packs were not used. 
The formation was allowed to collapse around the screen.

In wells that penetrated the base of a landfill, the well 
screen was packed with silica sand, and a cement-bentonite grout 
was installed from the first impermeable strata below the landfill 
base upwards to above the base of the landfill. The annular space 
above the grouted interval was filled with drill cuttings from the 
hole. A cement collar was installed at land surface to prevent 
infiltration of surface water, and protective, locking steel cas­ 
ings were installed over the PVC casings. All wells were devel­ 
oped with compressed air.

Field-Sampling Procedures

Sampling procedures for observation wells were designed to 
obtain a representative sample from the aquifer and to minimize 
the introduction of any foreign substance that might affect ambi­ 
ent water quality. All observation wells were pumped until a min­ 
imum of five casing volumes were purged from the well. Domestic 
wells were pumped until the volume of the pressure tank plus five 
casing volumes had been purged. After purging the wells, samples 
were collected when specific conductance and temperature readings 
became stable.

Hexane (CgH^) is an organic solvent commonly used in the analy­ 
sis of nonvolatile organic constituents by gas chromatography. 
Because the water samples were analyzed for nonvolatile organic 
constituents by gas chromatography, the use of hexane as a solvent 
and cleaning agent was consistent throughout drilling, sample col­ 
lection, and analysis.
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A Johnson-Keck-*- SP-81 submersible pump with interchangeable 
EPDM and Viton stators was used for sampling all 2-inch diameter 
(I.D.) observation wells. When sampling for inorganic constit- 
uentsr 10 percent acetone solution and distilled water were used 
to clean the pump. The acetone solution was pumped through the 
pump and sample lines, and was followed by distilled water to 
flush the acetone. The power line, pump housing, and exterior of 
the sample line also were cleaned before being lowered into the 
well.

When sampling for base/neutral- and acid extractable organic 
compounds, a solution of 75 percent hexane and 25 percent alcohol 
was used to clean the interior and exterior parts of the sampling 
pump. Pump materials for organic sampling were limited to Teflon, 
Viton, and stainless steel. For all observation-well sampling, 
the pump was cleaned before it was lowered into the well and imme­ 
diately after it was removed.

Aquifer materials were sampled for base/neutral- and acid- 
extractable organic compounds by surging the wells after water 
sampling. All sampling equipment was cleaned with a solution of 
75 percent hexane and 25 percent alcohol, and flushed with dis­ 
tilled water prior to sample collection. The water-sediment mix­ 
ture was pumped from the wells and wet sieved in the field through 
45- and 25-jum stainless steel sieves. The <25-^im fraction that 
passed through the sieves was collected in a stainless steel ves­ 
sel and transferred to 1-gallon glass jugs. In the laboratory, 
3 gallons of water-sediment mixture was decanted and centrifuged 
to yield approximately 250 grams of sediment, which was submitted 
for analysis.

Scioto River and Scioto Big Run are heavily influenced by hu­ 
man activity within the study area. Because of the variable and 
artificial flow in these two streams due to industrial sources, 
the streambed sediments were chosen for intensive sampling as op­ 
posed to the water column. Analysis of streambed sediments gen­ 
erally provides a good record of many dissolved or suspended 
constituents that have previously traveled downstream.

Recovery of organic compounds and trace metals from streambed 
sediments is somewhat restricted to compounds that are hydrophobic, 
have a low volatility, and are now easily degraded. Physical 
factors such as grain size, surface charge and area, and cation- 
exchange capacity affect a sediment's capacity to attract and con­ 
centrate compounds. To increase the amount of recovery, only 
sediments with a high ratio of surface area to grain size (silt 
and clay) were submitted for analysis.

Use of trade names in this report is for identification purposes 
only and does not constitute endorsement by the U.S. Geological 
Survey.

10



Bed material was obtained from local streams and analyzed for 
organic constituents and trace metals. To increase the recovery 
of fine sediments, pools and low-velocity reaches of the streams 
were chosen as sampling sites. Streambed penetration during sam­ 
pling was generally 4 inches or less.

Bed-material samples for trace-metal analysis were collected 
with a U.S. Geological Survey BMH60 sampler or a plastic scoop. 
All sampling equipment and containers were cleaned with a 10 
percent nitric acid solution, followed by distilled water, and 
then by a native-water rinse. Samples were wet sieved with native 
water through 63- and 38-_um nylon cloth sieves. Samples were fur­ 
ther separated by column settling, and the <20-jam fraction was 
analyzed.

Bed-material samples for organic constituents were collected 
with a BMH60 sampler with Teflon seals, a stainless-steel scoop, 
and stainless-steel sieves. All sampling equipment was cleaned 
with a 75 percent hexane and 25 percent alcohol solution, followed 
by distilled water and native-water rinses. Samples were wet 
sieved in the field through 90-. 45-, and 25-jum sieves, and the 
<25-jum fraction (medium silts and smaller) was analyzed.

Analysis of organic constituents in water and sediments was 
done by gas chromatography/mass spectrometry. Samples were ana­ 
lyzed quantitatively for base/neutral- and acid-extractable or 
organic compounds and qualitatively for all other methylene- 
chloride-extractable organics. All samples were analyzed at the 
U.S. Geological Survey National Water-Quality Laboratory in 
Atlanta, Georgia.

Statistical Procedures

A statistical analysis of ground-water quality data was used 
to determine if landfills had significantly affected ambient 
ground-water quality. All statistical tests were performed using 
a statistical software package called Statistical Analysis System, 
or SAS (Helwig and Council, 1974). Variables that had several 
missing values or many values assigned at the instrumental detec­ 
tion limit were not used in the analysis and do not appear in the 
statistical summary tables.

The ground-water quality data were separated into three 
groups: Upgradient ("up"), downgradient ("down"), and penetrating 
refuse ("in"), based on the well's position in the ground-water 
flow system with respect to the landfills. Data were then ranked 
within the respective groups and nonparametric statistical pro­ 
cedures were used. Analysis was completed using the general 
linear-model (GLM) procedure, which is specifically designed for 
unbalanced situations and tests for intergroup differences.

11



To determine if there were significant variations in ground- 
water quality among wells in position groups "up," "down," and 
"in," an analysis of variance was done on the ranked water-quality 
data. Residuals generated by the analysis of variance were tested 
for normality using the Shapiro-Wilk W statistic, and only models 
whose residuals were normally distributed at a 95-percent signif­ 
icance level were used in the analysis.

Because analysis of variance does not indicate specifically 
which groups differ from each other, Tukey's studentized range 
test was used to determine the differences between the groups. 
Tukey's test computes the smallest difference required between 
mean values for two groups to be considered different, then com­ 
pares all group combinations to determine which are different.

HYDROGEOLOGY 

Unconsolidatod Deposits

The unconsolidated deposits in southern Franklin County con­ 
sist of interbedded sand, gravel, cobbles, and till deposited dur­ 
ing the Wisconsin stage of glaciation. The glacial deposits are 
overlain by a thin veneer of alluvium from Scioto River. The gla­ 
cial deposits are heterogeneous and have a maximum thickness of 
160 feet in the study area.

Geologic-boring data indicate that highly permeable glacial 
deposits directly overlie fractured limestone in some areas. Re­ 
ported values of hydraulic conductivity for the glacial deposits 
range from 190 to 960 feet per day. Weiss and Razem (1980) and 
de Roche and Razem (1981) classified the deposits as having an 
average hydraulic conductivity of 200 feet per day. In other 
areas, the limestone is capped by a low-permeability, sandy gray 
silt. A geologic cross section through the study area (fig. 4) 
illustrates the heterogeneity of the surf icial deposits, their 
relationship to the limestone, and the altitude of the water 
table in August 1982.

The original flood plain of Scioto River was modified in the 
early 1900's by the construction of levees to prevent flooding. 
Once such levee extends from Interstate 270 (fig. 3), in the 
southern part of the study area, northwards past landfills 2 and 
3. The levee is on both banks of the river and averages 30 feet 
in height above the base of the channel.
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The composition of the levee east of Scioto River was not de­ 
termined. The western levee is composed of a variety of materials 
including demolition waste and domestic refuse. The segment of 
the western levee between 1-270 and well FR-260 is constructed 
primarily of silty clay fill containing some sand and gravel. The 
depth of fill, as determined from geologic borings and historical 
data, ranges from 15 to 25 feet. The segment of the levee from 
just north of well FR-260 to a point just north of landfill 2 
(fig. 3) is composed almost entirely of domestic refuse with small 
amounts of demolition waste. According to geologic borings and 
historical data, the depth of fill in this area ranges from 20 to 
35 feet. The thickness of refuse in the western levee ranges from 
12 to 35 feet and averages 22 feet.

Bedrock

The Columbus Limestone of Devonian age underlies the entire 
study area. Geologic borings indicate the limestone is fractured 
in some areas at the contact with the overlying glacial deposits. 
A map of the bedrock surface (fig. 5) constructed from drillers 1 
logs, geologic borings, and surface exposures, shows a highly 
eroded surface with bedrock valleys trending west to east. The 
trend of the bedrock valleys coincides with the preglacial drain­ 
age system known as the "Teays Stage," which was described by 
Stout and others (1943) and modified by Goldthwait (Schmidt and 
Goldthwait, 1958).

Ground Water

The configuration of the ground-water surface is important 
when considering the effects of landfills on ground-water quality. 
Migration direction of many contaminants introduced into the 
ground-water system will coincide with present directions of 
ground-water flow. The direction of ground-water flow may be es­ 
timated from a water-level contour map. Assuming isotropic condi­ 
tions, ground water moves from areas of higher hydraulic head to 
areas of lower hydraulic head along paths perpendicular to water- 
level contours.

Of equal importance are factors that influence the config­ 
uration of the ground-water surface and thus affect migration of 
any contaminant. Factors such as ground-water withdrawals, re­ 
charge from surface impoundments, and stream-aquifer relationships 
can have major impacts on direction of ground-water flow.
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Figure 5. Altitude and configuration of bedrock surface. (Quarries not shown.)
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Ground-water conditions in the landfill area were evaluated 
on the basis of water-level measurements from domestic, indus­ 
trial, and observation wells; lake and river mean pool elevations; 
drillers 1 logs; and geologic-boring data. The unconsolidated gla­ 
cial deposits and the underlying limestone were treated as one 
semi confined unit, on the basis of geologic data (fig. 4) and 
similarities in water levels and water quality. A map showing the 
ground-water level contours and direction of ground-water flow 
(fig. 6) was constructed from water-level measurements made in 
August 1982. The map shows a large, asymmetrical cone of depres­ 
sion centered on a limestone quarry.

The long axis of the cone of depression trends roughly 
north-south, and ground-water flow converges on the sump of the 
limestone quarry, which is the lowest topographic point of ground- 
water withdrawal in the study area. Ground water is removed from 
the aquifer at the sump, used for aggregate processing, and pumped 
into the lake north of the quarry. Ground water removed at the 
sump is ultimately discharged to Scioto River just south of well 
FR-260. Ground-water withdrawal at the quarry sump has created a 
thick unsaturated zone beneath landfill 5 (fig. 4).

The configuration of water-level contours in the northern 
section of the study area indicate the cone of depression has not 
advanced equally in all directions. The contours also indicate 
the presence of a ground-water mound near landfill 4. Comparison 
of the configuration of the bedrock surface (fig. 5) with that of 
the water table (fig. 6) show that bedrock topography is not the 
control on the shape of the cone of depression. The asymmetry of 
the cone may be caused by other factors such as differences in 
hydraulic conductivity, recharge from Scioto River and (or) quarry 
lakes, or ground-water withdrawals.

Drillers 1 logs of observation wells FR-258, FR-259, FR-260, 
and FR-261 near landfill 4 (fig. 3) show the presence of multiple 
zones of high hydraulic conductivity sands and gravels at eleva­ 
tions ranging from 657 to 688 feet. These permeable zones coin­ 
cide with the nearby channel base of Scioto River at an elevation 
of 683 feet. Geologic borings show 57 feet of vertically contin­ 
uous sands and gravels beneath landfill 4 that would allow direct 
and unimpeded flow from the landfill to the underlying limestone 
bedrock. Based on additional borings, this zone of high conduc­ 
tivity can be extended to encompass the aquifer beneath the power- 
plant and the quarry lake south of landfill 4.
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Considering the extent, proximity to surface water, and high 
hydraulic conductivity of these deposits, it is highly probable 
that recharge to the aquifer in this area is occurring where in­ 
tervening clays and tills are not present and the surface alluvium 
has been removed. The recharge may be originating from Scioto 
River, landfill 4, the quarry lake, or a combination of these 
three sources. The effect of the recharge would be to retard cone 
advancement and create a ground-water mound near the sewage- 
treatment plant, landfill 4, and the adjacent quarry lake. Drill­ 
ers' logs of wells FR-254 and FR-255, southeast of landfill 4, 
also indicate high-conductivity zones that would facilitate re­ 
charge from the intervening quarry lake or Scioto River.

Other irregularities in the water-level surface may be caused 
by the additive effect of water users throughout the study area. 
Figure 7 shows the decline of water levels for the 3-year period 
between August 1979 and August 1982. All major ground-water with­ 
drawals are ultimately discharged to Scioto River within the study 
area by way of Scioto Big Run, the sewage treatment plant, and 
several discharge pipes near FR-255 and FR-268.

Comparison of water-level and log data shows that refuse in 
landfill 4 and part of the river levee is beneath the water table. 
During the study, the water table varied from 1 to 5 feet above 
the base of the refuse near well FR-256. In landfill 4 near wells 
FR-259 and FR-261, the water table varied from 5 feet below to 8 
feet above the base of the refuse.

Most water levels in the study area have declined steadily. 
The decline is greatest west of State Route 104 between Interstate 
270 and Frank Road. In this area, ground-water pumping is the 
primary control on water levels. Aquifer response to seasonal re­ 
charge is varied (fig. 8). Some wells (such as FR-201) show no 
reaction at all, whereas other wells (such as FR-224) indicate a 
reduction in the rate of water-level decline. In wells where the 
hydrograph indicates a response to recharge (such as FR-227), the 
yearly maximum water level is consistently lower than for previous 
years. Historic water-level data (Emcon Associates, 1975) indi­ 
cate that ground-water levels in 1967 were 680 feet above sea 
level in the vicinity of landfill 5 and State Route 104. In 
August 1982, water levels for the same location were 610 to 620 
feet above sea level a decline of 60 to 70 feet.

Surface Water

The study area is drained by Scioto Big Run and Scioto River. 
A gaging station designated FR-266 (shown as SR3 on fig. 9) is 
located on Scioto River (fig. 9) downstream of the sewage treat­ 
ment plant. Scioto River is regulated by a series of reservoirs 
located 10.4, 20.4, and 35 miles upstream from the gaging station.
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ASR3 Gain/loss site on Scioto River 

ASBR2 Gain/loss site on Scioto Big Run

Figure 9. Map showing location of gain/loss sites on Scioto River and Scioto Big Run.
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A gain/loss study was done on Scioto River in October 1982. 
The flow duration at Scioto River at the start of the study was 90 
percent (1950-78 period of record). During the study, there were 
no withdrawals from the river between stations SRI and SR7 (fig. 
9). The only artificial inflow was from the treatment-pi ant out­ 
let SR4. The low-water control for the stream gage SR3 is a rock 
riffle located at SR5 f and discharge from the treatment-plant out­ 
let is included in the gage record at SR3.

Measurements made at stations SRI (36 ft3 /s) and SR2 
(44 ft3/s) indicate that the river gained 8 f t 3 /s of flow in this 
segment, which is adjacent to landfills 2 and 3 and not affected 
by treatment-plant discharge. An analysis of gain/loss between 
stations SR2 and SR7 was difficult because Inflow from the sewage 
treatment plant was variable (70 to 126 ft3/s) during the study. 
In addition, long time of travel because of low-flow conditions 
made prediction of the downstream advancement of flow from the 
treatment plant difficult. Nevertheless, on the basis of travel- 
time data (Janet Hren, U.S. Geological Survey, written commun., 
1981) and the variation in treatment-plant outflow, the minimum 
net loss from stream to aquifer in segment SR2/SR7 (3.3 miles 
long) is approximately 6 ft3/s.

When aquifer head is lowered beneath the base of a stream, 
the volume of leakage becomes a function of head in the stream 
and streambed conductivity and area. Model simulation showed a 
10-ft 3 /s loss for a 3.28-mile segment just south of SR7 in which 
aquifer head was lowered beneath the base of the streambed during 
simulated pumpage (A. C. Razem, U.S. Geological Survey, oral 
commun., 1984). Presuming the streambed area and conductivity of 
the simulated segment and SR2/SR7 to be similar, a 6-ft3/s loss 
for SR2/SR7 is a realistic estimate.

Several measurements made simultaneously determined the 
amount of streamflow that was contributed to Scioto River by the 
sewage-treatment plant. A comparison of flows at stations SRI, 
SR4, and SR5 indicates that treated effluent contributed about 
70 percent of total flow in the stream at the time of measurement:

Station Discharge fin ft3/s) Source of data

SRI 36 Discharge measurement

SR4 80 Treatment-pi ant flowmeter

SR5 115 Gage height and flow rating

In 1982, average daily discharge from the treatment plant was 
124 ft3/s, whereas the median daily discharge (1950 to 1978) 
at the gaging station (SR3) was 450 ft3/s.
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Large variations in the ratio of treated effluent to total 
streamflow occur throughout the year, primarily because of local 
weather conditions and their effect on runoff (daily effluent dis 
charge remains relatively constant). The ratio is highest during 
the summer months when natural streamflow is very low. It is pre 
sumed that the high ratio during summer months has a significant 
effect on low-flow characteristics and water quality of Scioto 
River.

Scioto Big Run, which drains the western part of the study 
area, receives most of its flow from a large quarry lake located 
just west of 1-71. The levee between the lake and the stream has 
been breached and allows the lake to flow into the stream. Up­ 
stream of the breach, the channel is dry and has no natural flow 
except for periods of heavy precipitation and spring runoff.

A gain/loss study was conducted during low-flow conditions 
on a small section of Scioto Big Run in October 1982 at stations 
SBR1, SBR2, SBR3, SBR4, and SBR5 (fig. 9). The resulting measure 
ments were:

Station Discharge (in

SBR1 0 (channel dry)

SBR2 10.2

SBR3 0

SBR4 0

SBR5 9.60

The data show that flow originates between stations SBR1 and SBR2, 
and that the segment between SBR2 and SBR5 is losing 0.60 ft3/s 
to the the aquifer. An analysis of error on the measurements 
indicates the loss could vary from a maximum of 1.11 f t^/s to a 
minimum of 0.40 ft^/s.

Ground Water/Surface-Water Relationships

Figure 10 illustrates the relationship among precipitation, 
streamflow, and water levels in the aquifer. Well FR-263 is 
completed in the outwash deposits 500 feet east of Scioto River. 
Well FR-264 is completed in the underlying limestone 2,500 feet 
west of the river (fig. 3). Both wells are approximately 1.5 
miles from the river gage.
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Graphs of precipitation, stage of Scioto River, and water 
level in well FR-263 are very similar in shape. The bed of the 
river is composed of cobbles and gravel in a matrix of sand and 
silt. The hydrograph of FR-263 shows relatively instantaneous 
response to even a small rise in stage of Scioto River, perhaps 
reflecting the permeable nature of the riverbed.

The reaction of FR-264 to river stage is much more subdued 
due to horizontal and vertical distance from the river, effects 
of ground-water withdrawal, or a combination of both. The eleva­ 
tion of water in well FR-264 is approximately 80 feet lower than 
the mean pool elevation of Scioto River due to dewatering in the 
vicinity of the well. The water level in the quarry is maintained 
by pumping at an elevation of approximately 565 feet.

Although the reaction of FR-264 is somewhat masked, there are 
certain similarities between its hydrograph and the other graphs. 
The rising and falling trends exhibited by the river and FR-263 
appear in the record for FR-264, but in less detail. Events that 
are distinctive, such as the storm of late April and early May, 
are shown by all three hydrographs. This suggests that a hy­ 
draulic connection exists between the stream, glacial deposits, 
and underlying limestone. It is probable that water-level fluc­ 
tuations in FR-264 are a complex function of precipitation and 
river stage superimposed upon deeper regional flow and further 
modified by dewatering. Water levels also may be affected by 
leakage from Scioto Big Run.

The ground-water and surface-water data presented indicate 
that stream-aquifer relations are characterized by leakage from 
Scioto Big Run and Scioto River to the underlying glacial de­ 
posits. Figure 10 shows that water-level elevation in the recorder 
wells is consistently below the channel base of Scioto River. Com­ 
parison of mean pool and streambed elevations for Scioto River 
with ground-water-level contours indicate that almost the entire 
study reach of the stream is losing water to the underlying aqui­ 
fer. Only in the vicinity of FR-256, downgradient of landfill 2, 
do hydraulic gradients indicate ground-water discharge into Scioto 
River.

WATER AND SEDIMENT QUALITY

Water quality of the aquifer, Scioto River, and Scioto Big 
Run was evaluated from 37 water-quality samples 34 from ground- 
water sites and 3 from surface-water sites (fig. 11). To provide 
continuity and to detect changes in water quality, wells that were 
sampled previously (de Roche and Razem, 1981) also were used in 
this study. Table 3 presents results of analyses of ground water 
and surface water.
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Figure 11. Sites at which water-quality and/or sediment-quality data were obtained. (The 
county code prefix, FR-, has been deleted from site numbers.)
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Table 3. Water quality records fcr ground watfer and aurfacb water 
in southern Franklin County. Chic, Continued

Local
number

Date
of

sampl e

Mangan-
nese.
dis­
solved
(yg/L
as Mn)

Mer­
cury,
dis­
solved
Oig/L
as Hg)

Mer­
cury,
hotal
(>ig/L
=is Hg)

Nickel,
dis­
solved
Oiq/L
as Ni)

Zinc,
dis­
solved
(*ig/L
as Zn)

Dissolved
solids,
sum of
constit­
uents
(mg/L)

Dissolved
solids,
residue
at
180 C
(mg/L)

Wells upgradient of landfills ("up")

201
202
224
234
253
255
262
263

4-09-82
4-09-82
4-08-82
4-08-82
6-30-82
6-29-82
7-01-82
7-01-82

35
11
75
44
51
95

170
72

0.1
.1
.1
.1
.1
ND
ND
.2

3
2

ND
3

ND
ND
ND
ND

36
5

82
9
5

ND
ND
16

610
610
450
470
440
500
450
490

637
661
451
494
507
518
558
592

Wells downgradient of landfills ("down")

242
242
244
244
246
247
248
260
260
264

4-13-82
7-27-83
4-13-82
7-27-83
4-12-82
4-13-82
4-07-82
6-29-83
7-27-83

11-08-82
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190
170
64

390
720
69
17
18

340

 
.2
 
.2
 
 
 
 
.2
ND

.1

.4
ND
.1
.1
ND
.1
ND
.3
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8
2
5
3
9
1
1
5

ND

21
16
8
6

29
10
14
6
6

ND

770
930
490
570
730

1,600
480
600
540
910

1,320
1,230
494
740
765

1,970
490
568
600
945

Wells penetrating refuse ("in")

256
256
257
257
257
258
258
259
261

6-28-82
7-26-83
6-28-82
1-26-83
7-26-83
6-23-83
7-26-82
6-30-82
7-01-82

50
25
79

120
100
640
450
67
20

 
.2
 
ND
.2
 
ND
 
 

.1

.3

.4
 
.2
.6
.2
ND
.3

ND
18
8
9
6
7
7
2

490

30
8

ND
ND
ND
21
8

ND
350

1,300
880
720
820
930
910
620

1,100
12,000

1,230
1,000

794
796

1,100
948
687

1,090
7,150

Seep and surface-water sites

223
250
266

4-12-82
11-09-82
10-19-82

93
30
27

 
.1
 

.1
 
.4

2
2

12

6
121
200

650
580
450

675
514
462

Ohio EPA drinking- 
water standards 2

Laboratory
detection limit

50

.1

2   5,000 

.114

500 500

^Fixed-endpoint titration 
Ohio Environmental Protection Agency (1978, p. 36-7)
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Ground Water 

Well-Position Classification

For purposes of discussion and statistical analysis, all 
wells sampled to determine water quality were assigned a position 
of "up," "down," or "in." The assignment of position was based 
strictly upon the location of the well with respect to the land­ 
fills and ground-water flow system (fig. 6), and whether refuse 
was encountered during drilling. The three well-position groups 
are defined as follows:

(1) up - wells located upgradient from any landfill 
in the project area.

(2) flfijgjj - wells located downgradient from any 
landfill in the study area.

(3) in - wells penetrating a landfill or refuse.

The seep, FR-223, was not assigned a position based upon its 
relationship in the ground-water flow system (fig. 4). Flow from 
the seep is considered to originate from precipitation, return 
flow of process waters (truck washing, dust control), and pipe 
leakage in the dewatering system. These waters discharge to the 
seep through a series of limestone and outwash benches leading 
downward into the main quarry pit.

The group "up" consists of wells FR-201, FR-202, FR-224, 
FR-234, FR-253, FR-255, FR-262, and FR-263 (fig. 12). Of this 
group, wells FR-201, FR-202, FR-224, and FR-234 were used in a 
previous study (de Roche and Razem, 1981) to reflect ambient water 
quality in the landfill area. The group as a whole is composed of 
wells presumed not to be affected by waste disposal.

The group "down" consists of wells FR-242, FR-244, FR-246, 
FR-247, FR-248, FR-260, and FR-264. Of this group, FR-242 and 
FR-247 were previously shown to have significant departures from 
ambient water-quality that may have indicated contamination by 
leachate (de Roche and Razem, 1981). This group, as a whole, is 
presumed to be within the influence of waste-disposal sites.

The group "in" consists of wells FR-256, FR-257, FR-258, 
FR-259, and FR-261. Initially, these wells were designed and 
located specifically to obtain water-quality and water-level in­ 
formation in data-deficient areas. Before installation, the com­ 
position of the Scioto River levee was not apparent. The wells 
in this group penetrate 12 to 30 feet of refuse.
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83°02' 83°00"

39 52 30-

Sludge ponds

endering plant

Sewage treatment 
plant

Base from U-S. Geological Survey 
Southwest Columbus. 1973 
Commercial Point, 1966

A202 Well upgradient from any landfill 
in the study area-up.

  246 Well downqradient from any
landfill in the study area-down.

  261 Well penetrating a landfill or 
refuse-in.

Figure 12.  Map showing location of wells sampled and their assigned position group.
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Inorganic Constituents 

Upgradient ("up") wells

There has been virtually no change in the ambient water qual­ 
ity as defined by control wells in a previous study (de Roche and 
Razem, 1981). Ambient ground-water quality in the study area as 
defined by position group "up" is a very hard, calcium bicar­ 
bonate-type water with a median pH of 7.1 (table 4). Specific 
conductance ranges from 690 to 901 microsiemens per centimeter at 
25°C (pS/cm) with a median value of 770 juS/cm. Total dissolved- 
solids concentrations range from 451 to 651 mg/L, with a median 
of 538 mg/L.

The most abundant anions are bicarbonate and sulfate, with 
median concentrations of 364 mg/L and 115 mg/L, respectively. The 
major cations are calcium and magnesium, with median concentra­ 
tions of 99 mg/L and 34 mg/L, respectively. Median concentrations 
of sodium and chloride are 24 mg/L and 35 mg/L, respectively, and 
concentrations of potassium and fluoride are less than 4 mg/L.

The combined concentration of all nitrogen species is gener­ 
ally less than 1 mg/L, except for water from wells FR-262 and 
FR-263, which contain 2.0 mg/L and 5.0 mg/L, respectively, of or­ 
ganic nitrogen. Nitrate and nitrite nitrogen are present in all 
upgradient wells except for FR-253, FR-255, FR-262, and FR-263, 
which are adjacent to and receive recharge from Scioto River. 
Generally, ammonia is the major nitrogen species; its mean concen­ 
tration is 0.58 mg/L.

Chemical oxygen demand (COD) ranges from 12 to 150 mg/L, and 
has a median concentration of 44 mg/L. Concentrations are highest 
in water from wells near Scioto River and in areas where drawdown 
in the aquifer has been greatest. Biochemical oxygen demand (BOD) 
was detected in one upgradient well at a concentration of 0.2 mg/L.

Methane was not detected in any "up"-position wells. Hydrogen 
sulfide was present in one well at a concentration of 0.3 mg/L. 
Levels of carbon dioxide range from 81 to 330 mg/L with a median 
concentration of 190 mg/L.

Concentrations of iron (110 to 4,400 jag/L) and manganese 
(11 to 170 jug/L) routinely exceed Ohio Environmental Protection 
Agency (OEPA) drinking-water standards (1978) of 300 and 50 jug/L, 
respectively. Trace metals arsenic, copper, lead, nickel, and 
zinc were present in concentrations generally less than 5 .ug/L. 
Cadmium and cyanide were not detected in any "up"-position wells.
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powngradient ("down") wells

Water from wells classified "down" is very hard, has a wide 
range of ionic water types, and has a median pH of 6.8 (table 5). 
Specific conductance ranges from 771 to 2,710 ;iS/cm with a median 
value of 1,060 jjS/cm. Total dissolved solids concentrations range 
from 490 to 1,970 mg/L, with a median of 752 mg/L.

The major anions are bicarbonate and sulfate, with median 
concentrations of 490 mg/L and 100 mg/L, respectively. The most 
abundant cations are calcium, with a median concentration of 123 
mg/L, and sodium, with a median concentration of 53 mg/L. Chlo­ 
ride concentrations show a wide range (18 to 520 mg/L), with a 
median value of 80 mg/L. Magnesium has a median concentration of 
36 mg/L, and concentrations of potassium range from 2.5 to 15 
mg/L.

The dominant nitrogen species in this group is ammonia, which 
ranges in concentration from 0.03 to 23 mg/L with a median value 
of 0.52 mg/L. Nitrate plus nitrite was detected only in FR-248 at 
a concentration of 0.1 mg/L. Organic nitrogen has a median con­ 
centration of 0.05 mg/L.

Levels of COD in water from "down"-position wells range from 
10 to 73 mg/L, with a median concentration of 13 mg/L. BOD was 
detected at concentrations of 12 mg/L in well FR-246 and 0.3 mg/L 
in well FR-260. No other wells in this group had detectable 
amounts of BOD.

Methane gas was detected in well FR-260 at concentrations 
>1,000 ppm. Hydrogen sulfide was detected only in well FR-264 at 
a concentration of 3.5 mg/L. Carbon dioxide concentrations range 
from 23 to 414 mg/L, with a median of 90.5 mg/L.

Concentrations of iron (220 to 3,700 mg/L) and manganese 
(17 to 1,000 ug/L) commonly exceed OEPA drinking-water standards. 
Arsenic, copper, lead, nickel, and zinc were detected in most of 
the wells in trace amounts. Cyanide was not detected in any 
wells, and cadmium was detected in wells FR-242, FR-247, and 
FR-260 in trace amounts.

Wells penetrating refuse ("in")

Water from wells penetrating refuse has a median hardness of 
630 mg/L and a median pH of 6.8 (table 6). These waters show a 
wide range of ionic water type; specific conductance ranges from 
954 to 18,400 ^S/cm. Total dissolved solids concentrations range 
from 687 to 7,150 mg/L, with a median of 1,000 mg/L.

The most abundant anion is bicarbonate, with a median concen­ 
tration of 715 mg/L. Chloride and sulfate are present in approxi­ 
mately equal amounts, with median concentrations of 90 mg/L and 
96 mg/L, respectively. Calcium is the most abundant cation, and 
ranges from 7 to 150 mg/L, with a median of 100 mg/L.

35



T
ab

le
 

5
.  
 S

ta
ti

s
ti

c
a
l 

su
m

m
ar

y 
o
f 

g
ro

u
rv

d
-w

at
er

-q
ii

al
^
ty

 
d

a
ta

, 
d

o
w

n
g

ra
d

ia
n

t-
p

o
si

ti
o

n
 

("
do

w
n"

) 
g
ro

u
p

C
o
n
st

it
u
e
n
ts

 
or

 
p
ro

p
e
rt

ie
s

S
p

e
c
if

ic
 

co
n

d
u

ct
an

ce
 
 
 
 
 
 
 
 
 
 

pH
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
ar

bo
n 

d
io

x
id

e,
 

d
is

so
lv

e
d
 
 
 
  
 
 
  
 
 

H
ar

d
n
es

s,
 

as
 

C
aC

03
 
 
 
 
 
 
 
 
 
 
 

H
ar

d
n

es
s,

 
n
o
n
ca

rb
o
n
at

e
S

o
li

d
s,

 
re

si
d

u
e 

a
t 

18
0 

d
eg

. 
C

,
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

S
o
li

d
s,

 
su

m
 

of
 

c
o

n
st

it
u

e
n

ts
,

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
al

ci
u

m
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 

M
ag

ne
si

um
, 

d
is

so
lv

e
d

 
 
 
 
 
 
 
 
 
 

S
od

iu
m

, 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P
o
ta

ss
iu

m
, 

d
is

so
lv

e
d
 
 
 
  
  
 
 
  
  
 

B
ic

ar
b
o
n
at

e 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
h
lo

ri
d
e,

 
d
is

so
lv

e
d
 
 
 
  
 
  
 
  
 
  
 

S
u

lf
a
te

, 
as

 
SO

^,
 

d
is

so
lv

e
d
 
 
 
  
  
 
 

F
lu

o
ri

d
e
, 

d
is

so
lv

e
d
 
 
 
  
 
  
 
 
  
 
 
 

S
il

ic
a
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 

N
it

ro
g
en

, 
o

rg
an

ic
, 

as
 

N
, 

d
is

so
lv

e
d
 
 

N
it

ro
g

en
, 

am
m

on
ia

, 
as

 
N

, 
d
is

so
lv

e
d
 
 

A
rs

en
ic

, 
d
is

so
lv

e
d
 
 
  
 
 
 
  
 
  
 
 
  

C
op

pe
r,

 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 

Ir
o
n
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 

L
ea

d
, 

d
is

so
lv

ed
 
 
 
 
  
 
  
 
 
  
 
 
  
 
 

M
an

ga
ne

se
, 

d
is

so
lv

e
d
 
 
 
  
 
  
 
 
  
 
 

M
er

cu
ry

, 
to

ta
l 

re
co

v
er

ab
le

 
 
 
  
 
  
 
 

N
ic

k
el

, 
d
is

so
lv

e
d
 
 
 
 
  
 
 
  
 
 
 
  
 

Z
in

c,
 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

O
xy

ge
n 

de
m

an
d,

 
ch

em
ic

al
 

(h
ig

h
 
le

v
e
l)

-
C

ar
bo

n,
 

o
rg

an
ic

, 
d
is

so
lv

e
d
 
 
 
  
  
  
 

C
ar

bo
n,

 
o
rg

a
n
ic

, 
su

sp
en

d
ed

 
to

ta
l 
 
 
 

M
et

hy
le

ne
 

b
lu

e 
a
c
ti

v
e
 

su
b
st

an
ce

 
 
  
 

N
um

be
r 

of
 

U
n

it
 

o
b
se

rv
a
ti

o
n
s 

M
ea

n

ju
s/

cm

m
g/

L
m

g/
L

m
g/

L

m
g/

L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

ja
g/

L
ja

g/
L

ju
g/

L
)i

g
/L

ju
g/

L
Jj

g/
L

ju
g/

L
ju

g/
L

m
g/

L
m

g/
L

m
g/

L
m

g/
L

10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 9 10 10 10 10 10 10 9
10 10 10 10 10 10

12
80

6
.8

14
4

46
0 69 91
2

76
2

12
2 38 89 5

.9
48

8
13

0
11

0
.5

5
14

.8
6

6
.4

2
.4

3
.2

17
00
3
.0

20
7

.1
6

4
.6

12 26 3
.4 .2

5
.0

8

M
ed

ia
n

10
60

6
.8

9
0
.5

45
5 38

75
2

66
5

12
3 36 53
3
.1

49
0 80

1
0

0
.6

14
.0

5
.5

2
2
.0

2
.5

14
00

2
.5

13
5

.1
0

4
.0

9
13
2
.6 .2 .0

8

M
in

im
um

 
v
al

u
e

77
1 6

.3
23

29
0

.0
0

49
0.

48
0 73 26 32 2

.5
32

0 18 38
.2

9
.6 .0 .0

3
1
.0

1
.0

22
0 1

.0
17

.1
0

1
.0 4 JO
.4 .1 .0

1

M
ax

im
um

 
v
al

u
e

27
10

7
.4

41
4

68
0

17
0

97
0

16
00 19

0 51
38

0 15 70
0

52
0

19
0 1

.0
17 7

.0
23 6

.0
8

.0
37

00
7

.0
72

0
.4

0
11 29 73 6

.8 .6 .2
0



T
ab

le
 
6
. 

S
ta

ti
s
ti

c
a
l 

su
m

m
ar

y 
o
f 

g
ro

u
n
d
-w

a
te

r-
q
u
a
li

ty
 
d
a
ta

, 
in

-p
o
si

ti
o
n
 

("
in

")
 

g
ro

u
p

C
o

n
st

it
u

e
n

ts
or

 
p
ro

p
e
rt

ie
s

N
um

be
r

o
f 

U
n

it
 

o
b

se
rv

a
ti

o
n

s
M

ea
n

M
ed

ia
n

M
in

im
um

 
v
a
lu

e
M

ax
im

um
 

v
a
lu

e

S
p
e
c
if

ic
 

co
n
d
u
ct

an
ce

 
 
 
 
 
 
 
 
 
 
 
 
 
 

^p
S/

cm
 

9
p

H
 
 
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  
  

  
  
  
  
  
  
  
  
  
  
  
 

y

C
ar

bo
n 

d
io

x
id

e,
 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
H

ar
d
n
es

s,
 

as
 

C
aC

O
^ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
H

ar
d
n
es

s,
 

n
o

n
ca

rb
o

n
at

e 
m

g/
L

 
9 

S
o
li

d
s,

 
re

si
d
u
e 

a
t 

18
0 

d
eg

. 
C

,
d
is

so
lv

e
d

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9 
S

o
li

d
s,

 
su

m
 

of
 

c
o
n
st

it
u
e
n
ts

,
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
C

al
ci

um
 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
M

ag
ne

si
um

 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
S

od
iu

m
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
P

o
ta

ss
iu

m
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
B

ic
ar

b
o
n
at

e 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
C

h
lo

ri
d

e,
 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
S

u
lf

a
te

, 
a
s 

SO
^,

 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
F

lu
o
ri

d
e
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
S

il
ic

a
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
N

it
ro

g
en

, 
O

rg
an

ic
, 

as
 N

, 
d
is

so
lv

e
d
 
 
 

m
g/

L
 

8
N

it
ro

g
en

, 
A

m
m

on
ia

, 
as

 
N

, 
d
is

so
lv

e
d
 
 
 

m
g/

L
 

8
A

rs
en

ic
, 

d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^
g
/L

 
9

C
op

pe
r,

 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.p
g/

L
 

9
Ir

o
n

, 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

.u
g/

L
 

9
L

ea
d

, 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Jj
g/

L
 

9
M

an
ga

ne
se

, 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ja
g/

L
 

9
M

er
cu

ry
, 

to
ta

l 
re

c
o
v
e
ra

b
le

 
 
 
 
 
 
 
 
 

.p
g/

L 
8

N
ic

k
el

, 
d

is
so

lv
e
d

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

jj
g
/L

 
9

Z
in

c,
 

d
is

so
lv

ed
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

^
g

/L
 

9
O

xy
ge

n 
de

m
an

d,
 

ch
em

ic
al

 
(h

ig
h
 
le

v
e
l)

- 
m

g/
L

 
9

C
ar

bo
n,

 
o
rg

an
ic

, 
d
is

so
lv

e
d
 
 
 
 
 
 
 
 
 

m
g/

L
 

9
C

ar
bo

n,
 

o
rg

an
ic

, 
su

sp
en

d
ed

 
to

ta
l 
 
 
 

m
g/

L
 

9
M

et
h
y
le

n
e 

b
lu

e 
a
c
ti

v
e
 

su
b
st

an
ce

 
 
 
 
 

m
g/

L
 

9

3
,3

3
0 6

.9
2

0
6

51
1 23

1
,6

4
0

2
,1

4
0 98 65

2
3

0
2

0
0

1
,8

2
0

30
0

12
0

.5
3

15
.6

6
21

0 12 30
4
,0

0
0 5

.6
17

0
.2

8
61 48

36
0 59
4

.1 .3
5

1
,5

2
0 6

.8
19

0
53

0
.0

1
,0

0
0

91
0

10
0 62 61 2
2

8
2

0 90 96
.5

0
13

.5
5

15
4

.0
7
.0

43
0 2

.0
79

.2
5

7
.0

8
.0

63 12
.4 .0

8

95
4 6

.6
8
1
.0

38
0

.0

6
8

7

6
2

0 7
.0

3
4

4
8 8

.3
4

8
4 42 16

.4
0

7
.3 .0

2
.1

1
.0

1
.0

2
6

0 1
.0

20
.1

1
.0

3
.0

13 3
.9

0
.1

0
.0

2

1
8
,4

0
0 7

.7
33

0
6

2
0

19
0

7
,1

5
0

1
2

,0
0

0
15

0
13

0
1
,4

0
0

1
,6

0
0

1
0

,4
0

0
1

,8
0

0
38

0
.8

0
21
2

.0
1
,6

0
0 67

17
0

1
6

,0
0

0 2
8

64
0

.6
0

49
0

35
0

2
,8

0
0

4
2

0 24
2

.4



Median levels of magnesium and sodium are approximately equal at 
62 mg/L and 61 mg/L, respectively. Potassium ranges from 8.3 to 
1,600 mg/L and has a median of 22 mg/L.

Ammonia, which has a median concentration of 19 mg/L and a 
range in concentrations of 2.1 to 1,600 mg/L, is the most promi­ 
nent nitrogen species. Levels of ammonia are generally 30 times 
higher than concentrations in other well-position groups. Low 
concentrations of nitrate plus nitrite (0.1 to 3.7 mg/L) and or­ 
ganic nitrogen (0.08 to 2.0 mg/L) were observed in several wells.

Levels of COD range from 13 to 2,800 mg/L, with a mean con­ 
centration of 63 mg/L. BOD was detected in five "inn -position 
wells as compared with two "down"-position wells and one "up"- 
position well. Concentrations of BOD range from 0.2 to 67 mg/L 
for "in"-position wells.

Methane concentrations exceeding 100 ppm were detected in 
FR-256, FR-257, and FR-258, and levels greater than 1,000 ppm were 
detected in wells FR-259 and FR-261. Concentrations of hydrogen 
sulfide ranging from 0.3 to 26 mg/L were detected in wells FR-257, 
FR-259, and FR-261. Carbon dioxide concentrations range from 81 
to 300 mg/L, with a median of 190 mg/L.

Concentrations of iron differ substantially in this group 
(from 260 to 16,000 jug/L) and all analyses (except one from 
FR-257) exceed OEPA drinking-water standards. Concentrations of 
manganese range from 20 to 640 jug/L. Cyanide was not detected; 
however, trace amounts of cadmium were found in wells FR-242, 
FR-256, FR-257, and FR-258. Arsenic, copper, lead, nickel, and 
zinc were found in all wells in trace amounts.

Organic Constituents

Methylene blue active substances (MBAS), foaming agents 
found in detergents, were detected in "upn-position wells FR-201, 
FR-253, and FR-255 at concentrations ranging from 0.02 to 1.0 
mg/L. All "down"-position wells except FR-246 contained MBAS, 
which ranged in concentration from 0.02 to 1.0 mg/L. MBAS were 
found in all "in"-position wells at concentrations ranging from 
0.02 to 2.4 mg/L.

Phenol was found in one upgradient well (FR-202) at a concen­ 
tration of 1 mg/L. "Down"-position wells, FR-244, FR-246, and 
FR-247 contained 1 mg/L of phenol. Concentrations of phenol rang­ 
ing from 1 to 130 mg/L were detected in wells penetrating refuse.

Concentrations of dissolved organic carbon (DOC) in up­ 
gradient wells range from 0.1 to 2.0 mg/L with a median of 
0.2 mg/L. DOC concentrations for downgradient wells range from 
0.4 to 6.8 mg/L with a median of 2.6 mg/L. Wells penetrating 
refuse show DOC concentrations ranging from 3.9 to 420 mg/L with a 
median of 12 mg/L.
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On the basis of a study to determine background levels of DOC 
in ground water, Leenheer and others (1974) recommended 5 mg/L as 
a threshold concentration for DOC in ground water. The 5-mg/L 
limit, if exceeded, would indicate ground-water contamination by 
organics. Water from "in"-position wells FR-256, FR-257, FR-258, 
FR-259, and FR-261 exceed the 5-mg/L threshold limit.

On the basis of dissolved organic carbon (DOC) concentra­ 
tions exceeding 10 mg/L, three wells were chosen to be tested for 
organic constituents. Water and sediment from wells FR-256 (36 
mg/L DOC) and FR-257 (12 mg/L DOC) were tested for base/ neutral- 
and acid-extractable organic constituents. FR-261 (420 mg/L DOC) 
was scheduled for testing, however, shifting of refuse within the 
landfill caused the well casing to warp, thereby preventing ac­ 
cess to the well.

Water from wells FR-256 and FR-257 was analyzed for a total 
of 57 organic constituents. Analysis of water from FR-257 indi­ 
cates that no base/neutral- or acid-extractable organics were de­ 
tected. Four organic compounds were detected in the analysis of 
water from FR-256:

Compound

USEPA
desig- Concen- 
nation tration 

(see p. v) (jig/L) Origin or use

Diethyl-phthaiate

Di-n-butyl phthalate

Isophorone

HW 
FTP

HS
HW

FTP

PTP

Naphthalene HS
HW

PTP

Solvent for cellulose 
esters; vehicle for 
pesticide sprays; 
alcohol denaturant.

Plasticizing agent; 
insect repellent.

5.7 Industrial chemical- 
solvent/cosolvent for 
finishes, laquers, 
resins, pesticides, 
fats, oils, and gums.

2 Moth repellent; chemi­ 
cal feedstock for com­ 
pounds used to manufac­ 
ture dye; used in the 
manufacture of resins, 
lampblack, smokeless 
powder, and celluloid.
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These four organic compounds were detected in trace amounts at or 
near the lower limit of instrumental detection. Low levels of 
phthalate esters are considered to be widespread in the environ­ 
ment (Mayer and others, 1972) because of their extensive use as 
plasticizing agents. Phthalate esters may also appear as arti­ 
facts in organic analysis because of low-level contamination of 
items used in the laboratory process. Because of these factors, 
the organic compounds identified in water from well FR-256 cannot 
be considered significant in terms of denoting organic contamina­ 
tion.

Aquifer Materials

Aquifer materials from FR-256 and FR-257 were analyzed for 
57 base/neutral-extractable and acid-extractable organic constit­ 
uents. Results of the analysis indicate none of the constituents 
tested for were present at a detection level of 20 ug/kg.

Surface Water 

Inorganic Constituents

For comparison with earlier data on stream-water quality 
(de Roche and Razem, 1981), Scioto River and Scioto Big Run were 
each sampled at one site. The water quality of Scioto River at 
Site FR-266 (fig. 11, table 3) is consistent with past analyses 
at similar flows. The water quality of Scioto Big Run at station 
FR-250 (fig. 11, table 3) is consistent with the previous data 
and closely resembles the ambient ground-water quality in the 
study area. The close similarity of water quality between the 
stream and local ground water is not unusual because the entire 
flow was being generated from the breached quarry lake, which is 
essentially ground water except for its residence time in the 
lake.

Organic Constituents

Because the source of streamflow in Scioto Big Run is rela­ 
tively constant, although artificial, a water sample was analyzed 
for 57 base/neutral- and acid-extractable organic compounds. Two 
compounds were identified:
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Compound

USEPA 
desig- 
nation 

(see p. v)

Concen- 
tration

Origin or use

Napthalene HS r HW r 
FTP

di(2-ethylhexyl) 
phthalate

HW r 
FTP

2.7

31.4

Moth repellant; chem­ 
ical feedstock for 
compounds used in the 
manufacture of dye; 
used in the manufacture 
of resins , lampblack, 
smokeless powder r and 
celluloid.

Commercially produced 
chemical used as a 
plasticizer for resins 
and in the manufacture 
of organic pump fluids.

Di(2-ethlyhexyl)phthalate exceeds the recommended criterion of 
3 .ug/L for protection of freshwater aquatic life (U.S. Environ­ 
mental Protection Agency, 1976). Low-level environmental occur­ 
rence and laboratory contamination may account for part of the 
total phthalate analyzed. However, the elevated concentration 
may indicate Scioto Big Run has been affected from a source 
within the basin.

Streambed Sediments 

Inorganic Constituents

Sediment samples were collected from sites FR-265 and FR-267 
on Scioto River and site FR-250 on Scioto Big Run. Samples were 
analyzed for 14 trace elements, 8 of which are designated Priority 
Toxic Pollutants by the U.S. Environmental Protection Agency. The 
trace elements analyzed for and their concentrations are as 
follows:
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Constituent

USEPA
designation 
(see p. v)

Concentration 
(pg/kg)

FR-265 FR-267 FR-250

Aluminum
Arsenic
Boron
Cadmium
Chromium
Cobalt
Copper
Iron
Lead
Manganese
Mercury
Selenium
Strontium
Zinc

*t           

None
HS^,HW,PTP
None
HS ,HW, PTP
HS1 r HW,PTP
HS i
HS1 ,HW1 ,PTP
None
HS1 r HWr PTP
None
HW1 ,HS1 ,PTP
HW,HWC,PTP
None
HS1 ,PTP1

450
1

ND 2
4

20
10
48

4500
180
150

ND
ND

170
260

2300
1

ND
5

80
20
49

7000
180
260

ND
ND

190
720

1900
4

ND
3

10
50
23

6200
50

380
ND
ND

120
78

;:0nly certain compounds of parent element qualify. 
2Not detected.

Many trace metals and their compounds are not soluble in 
water under relatively neutral pH conditions, as in Scioto River. 
Concentrations would be expected to decrease in the downstream 
direction as the metals are removed from the water column by grav­ 
ity settling and adsorption on silts and clays. However, of the 
two sites on Scioto River, sediment from the downstream site 
(FR-267) has consistently higher concentrations of toxic metals 
than the upstream site, FR-265.

The downstream increase in toxic-metal concentration between 
sites FR-265 and FR-267 indicates a source of toxic metals may be 
present in the stream segment between these two stations. Possi­ 
ble sources could be incinerator ash, land spreading of sewage 
sludge on landfill 4, or treated effluent from the sewage- 
treatment plant.

Organic Constituents

Streambed sediments were collected at two sites on Scioto 
River and at one site on Scioto Big Run. Site FR-265 on Scioto 
River north of landfill 2 (fig. 11) is representative of streambed 
sediment before entering the study area. Site FR-267, on Scioto 
River south of well FR-255, receives drainage from the eastern 
section of the study area including commercial and industrial 
sites and landfills 1, 2, 3, and 4. Site FR-250 on Scioto Big Run 
provides drainage for the western section at the study area in­ 
cluding landfill 5.
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Analysis of sediment from site FR-265 on Scioto River (table 
7) indicated that no base/neutral- or acid-extractable organic 
compounds were present. However, sediment from site FR-267 just 
downstream contains high concentrations (2,980 to 9,440 jig/kg) of 
polynuclear aromatic hydrocarbons (PNAs). PNAs in low concentra­ 
tions are considered to be common to the environment.

The presence of various PNAs at site FR-267 and their high 
concentration in the sediment relative to site 265 suggests that 
the source is nearby, upstream, and concentrated. Possible 
sources found that are capable of generating such high concentra­ 
tions of PNAs in such a short distance are fallout from an incin­ 
erator or ash ponds. There do not appear to be any other sources 
in this segment of Scioto River that could have generated concen­ 
trations of this magnitude.

Concentrations of the PNAs fluoranthene and pyrene (table 
7), found in sediment from site FR-250 on Scioto Big Run, are 
low in comparison to levels at site 267. However, sediment at 
site 250 contains a wide range of organic compounds (including 
solvents) not common to the environment. Many compounds that 
were tentatively identified appear to be byproducts of other or­ 
ganic compounds, and laboratory standards were not available for 
confirmation. Although identification was only tentative, the 
varied nature of the chemicals present and their concentrations  
indicate an organic chemical source in the basin of Scioto Big 
Run. A source of the organic compounds found in the sediment of 
Scioto Big Run was not determined.

EFFECTS OF LANDFILLS ON WATER QUALITY

The analysis of variance (table 8) shows that there are sig­ 
nificant (greater than 98-percent likelihood) water-quality dif­ 
ferences between the well-position groups for 12 water-quality 
variables. Tukey's test was performed on the ranked data and was 
used to indicate which position groups are different from each 
other based upon 12 water-quality variables. Table 9 indicates 
which groups were determined to be different at the 95-percent 
confidence level, and the water-quality variables that are re­ 
sponsible for the difference. In all variables except for COD, 
the well position group mean values increase in order of 
"up" < "down" < "in."

Because of the differing conditions (both in hydrology and 
waste content) among the landfills in the study area, it was pre­ 
sumed that only water-quality properties and constituents that are 
collective or aggregate in nature would be significant. However, 
several constituents that are specifically related to chemical 
processes within landfills also are significant. These constit­ 
uents relate to the chemical generation of leachate and the degra­ 
dation of the leachate as it moves away from the landfills.

43



Ta
bl
e 
7
.
 
R
e
c
o
r
d
s
 
of
 
or
ga
ni
c 

co
mp
ou
nd
s 

re
co

ve
re

d 
fr

om
 
st
re
am
be
d 

se
di
me
nt
 
of
 
Sc

io
to

 
Ri

ve
r

an
d 

S
ci

o
to

 
B

id
 

R
un

, 
an

d 
th

e
ir

 
o

ri
a
in

 
o
r 

u
se

[F
or

 
e
x
p
la

n
a
ti

o
n
 

o
f 

EP
A

 
d
e
si

g
n
a
ti

o
n
, 

se
e

p
. 

v
. 

ND
 
in

d
ic

a
te

s 
th

e
 

su
b
st

an
ce

 
w

as
 
n
o
t 

d
e
te

c
te

d
.]

T
o
ta

l 
c
o

n
c
e
n

tr
a
ti

o
n

 
a
t 

ea
ch

 
s
it

e
, 

in
 
m

ic
ro

-
gr

am
s 

p
er

 
k
il

o
g
ra

m

O
rg

an
ic

 
co

m
po

un
d

F
lu

o
ra

n
th

en
e

P
y

re
n

e

B
en

zo
 (

a)
a
n
th

ra
c
e
n
e

C
h

ry
se

n
e

B
en

zo
 (

b)
fl

u
o
ra

n
th

e
n
e

B
en

zo
 (

k 
)

fl
u
o
ra

n
th

e
n
e

In
d

en
o

 (
l,

2
,3

-c
,d

)
py

 r
en

e

B
en

zo
 (

g
, 
h
, 
i)

p
e
ry

le
n

e

B
IS

(2
-e

th
y
lh

e
x
y
l)

p
h

ta
la

te

M
es

it
y
l 

o
x

id
e

2
,4

-d
im

e
th

y
l

h
ep

ta
n
e

2
,6

-d
im

e
th

y
l

h
ep

ta
n
e

2
-c

y
c
lo

h
e
x
e
n
-l

-a
l

U
SE

PA
 

d
e
si

g
n
a
ti

o
n

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

H
W

, 
P

T
P

N
on

e

N
on

e

N
on

e

N
on

e

F
R

-2
65

 
F

R
-2

67

N
D

 
39

90

N
D

 
67

60

N
D

 
29

80

N
D

 
94

40

N
D

 
74

10

N
D

 
44

20

N
D

 
37

50

N
D

 
34

20

ND
 

27
30

N
D

 
N

D

N
D

 
N

D

N
D

 
N

D

N
D

 
N

D

F
R

-2
50

 
O

ri
g

in
 

o
r 

u
se

 
of

 
co

m
po

un
d

1

27
0 

\

22
0 N
D

N
D N
D

N
D

N
D N
D

\ A 
gr

ou
p 

o
f 

co
m

po
un

ds
 

kn
ow

n 
c
o

ll
e
c
ti

v
e
ly

 
as

p
o

ly
n

u
c
le

a
r 

ar
o

m
at

ic
 

h
y

cr
o

ca
rb

o
n

s 
(P

N
A

s)
 .

PN
A

s 
a
re

 
p
ro

d
u
ce

d
 

fr
o
m

 
th

e
 

p
y
ro

ly
ti

c
 
p
ro

c
e
ss

­
in

g
 

o
f 

o
rg

a
n
ic

 
ra

w
 

m
a
te

ri
a
ls

, 
su

ch
 

as
 

c
o

a
l

an
d 

p
et

ro
le

u
m

, 
a
t 

h
ig

h
 

te
m

p
er

at
u
re

s.
 

A
s 

th
e

co
m

b
u
st

io
n
 

p
ro

ce
ss

 
be

co
m

es
 
le

ss
 
e
ff

ic
ie

n
t,

h
ig

h
e
r 

le
v

e
ls

 
o

f 
PN

A
s 

ar
e 

p
ro

d
u
ce

d
. 

H
ea

t 
an

d
po

w
er

 
g
e
n
e
ra

ti
o
n
, 

re
fu

se
 

b
u

rn
in

g
, 

co
al

 
h
ea

p
s,

an
d 

em
m

is
si

on
s 

fr
om

 
co

ke
 

o
v
en

s 
ar

e 
m

aj
o

r
so

u
rc

es
.

N
D

 
C

o
m

m
er

ci
al

ly
 

p
ro

d
u
ce

d
 

ch
em

ic
al

 
u

se
d

 
as

 
a

p
la

s
ti

c
iz

e
r 

fo
r 

re
si

n
s,

 
an

d 
in

 
th

e
 

m
an

u­
fa

c
tu

re
 

o
f 

o
rg

a
n
ic

 
pu

m
p 

fl
u

id
s
.

10
00

2 
S

o
lv

e
n
t 

fo
r 

c
e
ll

u
lo

se
 
e
s
te

rs
, 

e
th

e
rs

 
an

d
o
th

e
r 

re
si

n
s 

in
 
la

c
q
u
e
rs

 
an

d
 

in
k
s.

 
U

se
d

in
 

p
a
in

t 
an

d
 
v

a
rn

is
h

 
re

m
o

v
er

s 
an

d
 
as

 
an

in
se

c
t 

re
p

e
ll

e
n

t.

63
0

2 
?

77
0

2 
?

40
0

2 
?



O
rg

an
ic

 
co

m
po

un
d

M
et

hy
l 

et
h
y
l 

k
et

o
n
e

2
,5

-d
im

et
h
y
l 

h
ex

an
e

H
ex

am
et

hy
 1 

cy
 c

l o
- 

tr
is

il
o

x
a
n

e

2
-c

y
cl

o
h

ex
en

-l
-o

n
e

2
-c

h
l o

r o
na

pt
h 

al
 e

ne

4 
,7

-d
im

et
h
y
l 

un
de

ca
ne

3
, 3

 -
d
im

et
h
y
l 

he
xa

ne

2
,7

-d
im

et
h
y
l 

o
ct

an
e

O
xe

ta
ne

an
d 

S
ci

o
tc

 
B

ij

T
o
ta

l
ea

ch
 

gr
am

s

U
SE

PA
 

d
es

ig
n
at

io
n
 

FR
-2

65

HW
 

N
D

N
on

e 
ND

N
on

e 
ND

N
on

e 
ND

HW
, 

FT
P 

ND

N
on

e 
ND

N
on

e 
ND

N
on

e 
ND

N
on

e 
ND

K
ur

., 
an

d 
th

e
ir

co
n

ce
n

tr
at

io
n

 
a
t

s
it

e
, 

in
 m

ic
ro

- 
pe

r 
k
il

o
g
ra

m

FR
-2

67
 

F
R

-2
50

ND
 

32
00

3

ND
 

39
0

3

ND
 

34
0

3

ND
 

51
0

3

ND
 

90
 4

ND
 

14
0

3

N
D

 
4
4
0

3

N
D

 
23

0
3

N
D

 
6
2
0

3

c
ri

g
in

 
o
r 

u
se

  
 C

o
n

ti
n
u
e
d

O
ri

g
in

 o
r 

us
e 

of
 

co
m

po
un

d
1

S
o
lv

en
t 

in
 
n
it

ro
c
e
ll

u
lo

se
 

co
at

in
g

 
an

d 
v
in

y
l 

fi
lm

 m
an

u
fa

ct
u

re
 

an
d 

in
 

sm
o

k
el

es
s 

po
w

de
r 

m
an

u
fa

ct
u
re

. 
U

se
d 

in
 

ce
m

en
ts

 
an

d 
ad

h
es

iv
es

an
d 

in
 

th
e 

de
w

ax
in

g 
of

 
lu

b
ri

c
a
ti

n
g
 
o
il

s.

? ? ? U
se

d 
in

 
p

ro
d

u
ct

io
n

 
of

 
e
le

c
tr

ic
 

co
n

d
en

se
rs

, 
in

 
th

e 
in

su
la

ti
o

n
 

of
 

e
le

c
tr

ic
 

ca
b
le

s 
an

d
w

ir
es

, 
as

 
a
d

d
it

iv
e
s 

to
 

ex
tr

em
e 

p
re

ss
u

re
 

lu
b
ri

c
a
n
ts

, 
su

p
p

o
rt

s 
fo

r 
st

o
ra

g
e 

b
a
tt

e
ri

e
s,

 
an

d 
as

 
a 

co
at

in
g
 
in

 
fo

u
n
d
ry

 
u
se

.

? ?  ) ?

 ' 
In

fo
rm

at
io

n
 

on
 

o
rg

an
ic

 
co

m
po

un
ds

 
o

b
ta

in
ed

 
fr

om
 
S

it
ti

g
 

(1
98

1)
 

an
d 

B
en

n
et

t 
(1

94
7)

 .
j C

om
po

un
d 

id
e
n

ti
fi

e
d

 
by

 
N

at
io

n
al

 
B

ur
ea

u 
o
f 

S
ta

n
d

ar
d

s 
li

b
ra

ry
 

se
ar

ch
. 

N
o 

st
an

d
ar

d
 
a
v

a
il

a
b

le
. 

C
o

n
ce

n
tr

at
io

n
 
is

 
se

m
iq

u
a
n
ti

ta
ti

v
e
.

3T
en

ta
ti

v
e 

id
e
n
ti

fi
c
a
ti

o
n
, 

n
o
t 

co
n

fi
rm

ed
. 

N
o 

st
an

d
ar

d
 
a
v

a
il

a
b

le
. 

C
o

n
ce

n
tr

at
io

n
 
is

 
se

m
iq

u
a
n
ti

ta
ti

v
e
. 

4
T

en
ta

ti
v
e 

id
e
n
ti

fi
c
a
ti

o
n
, 

n
o

t 
co

n
fi

rm
ed

.



Ta
bl

e 
8
.
 
R
e
s
u
l
t
s
 
of
 
an

al
ys

is
 
of

 
v
a
r
i
a
n
c
e
 
on

 
ra

nk
-t

ra
ns

fo
rm

ed
g
ro

u
n
d
- w

a
te

r-
q

u
a
li

ty

P
ro

p
er

ty
 

or
 

c
o
n
st

it
u
e
n
t

S
p
e
c
if

ic
 

co
n
d
u
ct

an
ce

 
 
 
 
 
 
 
 
 
 
 
 
 

C
ar

bo
n 

d
io

x
id

e,
 

d
is

so
lv

ed
 
 
  
 
 
  
 
 
  
 
 

S
od

iu
m

, 
d

is
so

lv
ed

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

P
o

ta
ss

iu
m

, 
d
is

so
lv

ed
 
 
 
 
 
 
 
 
 
 
 
 
 
 

C
h
lo

ri
d
e,

 
d

is
so

lv
ed

 
 
 
 
 
 
 
 
 
 
 
 
 
 

M
ag

ne
si

um
, 

d
is

so
lv

ed
 
 
 
 
 
 
 
 
 
 
 
 
 
 

H
ar

d
n
es

s,
 

d
is

so
lv

ed
 

(a
s 

C
aC

C
^)

 
 
 
 
  
 
  
 
 

O
rg

an
ic

 
ca

rb
o
n
, 

d
is

so
lv

ed
 
 
 
  
 
  
 
  
 
 

D
is

so
lv

ed
 
so

li
d

s,
 

re
si

d
u
e 

a
t 

18
0°

C
 
 
  
 
 
 

D
is

so
lv

ed
 
so

li
d
s,

 
su

m
 

of
 

c
o

n
st

it
u

e
n

ts
 
 
 

C
he

m
ic

al
 

oy
xg

en
 

de
m

an
d 
 
 
 
  
 
 
  
 
  
 
  

A
m

m
on

ia
, 

d
is

so
lv

ed
 

(a
s 

N
) 
 
 
 
 
 
 
 
 
 
 
 -  

d
at

a F 
v

al
u

e 
(v

ar
ia

n
ce

 
ra

ti
o
)

1
7

.0
6

 

1
0
.1

0
 

1
8
.8

4
 

3
0
.1

9
 

1
2

.2
2
 

1
2
.0

6
 

4
.8

4
 

1
8
.4

8
 

9
.4

7
 

1
3
.8

5
 

4
.6

2
 

9
.8

5

P
*

0
.0

0
0
1
 

0
.0

0
0

7
 

0
.0

0
0
1
 

0
.0

0
0
1
 

0
.0

0
0
2
 

0
.0

0
0
2
 

0
.0

1
7

2
 

0
.0

0
0

1
 

0
.0

0
0

9
 

0
.0

0
0

1
 

0
.0

2
0
0
 

0
.0

0
0
8

*P
ro
ba
bi
li
ty
 
of
 
st
at
is
ti
ca
ll
y 

de
te

rm
in

in
g 

gr
ou

ps
 
to
 
be
 
di

ff
er

en
t 

w
h
e
n
 
th

ey
 
ac

tu
al

ly
 
ar

e 
no

t.



T
ab

le
 
9

.  
 R

e
su

lt
s 

o
f 

T
u

k
ey

's
 

st
u

d
t-

i-
ti

zc
-d

 
ra

n
g

e 
te

s
t 

fo
r 

s
ta

ti
s
ti

c
a
l 

d
if

fe
re

n
c
e
s

B
et

w
ee

n
 
w

e
ll

-p
o

si
ti

o
n

 
g
ro

u
p
s

[T
, 

T
u
k
ey

's
 
te

s
t;

 
X

, 
m

ea
n 

o
f 

in
d

iv
id

u
a
l 

w
e
ll

-p
o

si
ti

o
n

 
g
ro

u
p
s;

 
N

, 
nu

m
be

r 
o
f 

sa
m

p
le

s.
 

M
ea

ns
 
w

it
h
 

th
e 

sa
m

e 
le

tt
e
r 

u
n
d
er

 
th

e 
"T

" 
co

lu
m

ns
 

ar
e 

n
o
t 

si
g

n
if

ic
a
n

tl
y

 
d

if
fe

re
n
t 

a
t 

th
e
 

0
.0

5
 

le
v
e
l]

P
ro

p
e
rt

y
 

or

W
el

l-
 

p
o

si
ti

o
n

 
g

ro
u

p

U
p

D
ow

n

In
 

U
p

D
ow

n

In
 

U
p

D
ow

n

In

S
p

e
c
if

ic
 

co
n
d
u
ct

an
ce

T 
X 

N

A 
78

4 
8

B 
1
,2

8
0

 
10

B 
3
,3

3
0
 

9

S
od

iu
m

T 
X 

N

A
 

23
 

8

B 
89

 
10

B 
23

0 
9

D
is

so
lv

ed
 

o
rg

a
n

ic
 

ca
rb

o
n

T 
X 

N

A
 

1
.4

 
8

A
 

3
.4

 
10

B 
59

 
9

D
is

so
lv

ed
 

so
li

d
s 

(r
e
si

d
u
e
 

a
t 

18
0°

C
)

T 
X

A 
55

2

B 
91

2

B 
1
,6

4
0

P
o
ta

ss
iu

m

T 
X

A 
2
.3

B 
5

.9

C 
20

0

N
it

ro
g

e
n

, 
am

m
on

ia

T 
X

A
 

.3
6

A
 

6
.4

B 
21

0

N 8

10

9 N 8

10

9 N 8

10

8

c
o

n
st

it
u

e
n

t

D
is

so
lv

ed
 

so
li

d
s 

(s
um

 
o
f 

c
o

n
st

it
u
e
n
ts

)

T 
X

A 
50

2

B 
76

2

B 
2
,1

4
0

C
h

lo
ri

d
e

T 
X

A
 

30

B 
13

0

B 
30

0

H
ar

d
n
es

s 
(a

s 
Ca

CC
>3

)

T 
X

A
 

36
8

AB
 

46
0

B 
51

0

N 8

10

9

C
ar

b
o

n
 

d
io

x
id

e

T 
X

A
 

5
5

.2

B 
14

4

B 
20

6

N 8

10

9

M
ag

ne
si

um

N 8

10

9

T 
X

A
 

32

A
 

3
8

B 
65

N 8

10

9

C
h

em
ic

al
 

ox
yg

en
 

de
jn

an
d

N 8

10

9

T
 

X

A
B

 
50

A
 

26

B 
3
6
0

N 8

10

9



The most noticeable effect of the landfills on ground-water 
quality is increased mineralization and higher concentrations of 
most common ions in wells downgradient from and penetrating land­ 
fills (fig. 13). The increase in dissolved-ion constituents, al­ 
though not statistically significant on an individual ion basis, 
is significant in terms of specific conductance and total dis­ 
solved solids, which are aggregate properties expressing the ionic 
concentration of a water. These variables are significant in dis­ 
tinguishing the "up" group from the "down" and "in" groups because 
they are indicators of a common landfill effect that is, the in­ 
creased concentration of common ions and metals in receiving 
waters.

The water-quality variables sodium (Na) and chloride (Cl) in­ 
dicate significant variance between position "up" and positions 
"down" and "in." Of the common ions, Na and Cl have the lowest 
attenuation (decrease in concentration with distance) except for 
calcium (Ca), which exhibits negative attenuation or elution. The 
significance of Na and Cl as discriminators relates to leachate 
production and relatively low attenuation by clay minerals in the 
aquifer. Other ionic species may not have been significant be­ 
tween these positions because of their moderate to high attenua­ 
tion or adsorption by clays, which quickly lowers enrichment to 
background levels within short distances downgradient of the 
landfill.

Concentrations of magnesium (Mg) in the "in" wells were sig­ 
nificantly different from concentrations in positions "up" and 
"down." Magnesium is considered to be a major constituent in 
leachate-affected waters (Garland and Mosher, 1975) and exhibits 
moderate attenuation by clays. It appears that higher concentra­ 
tions of Mg generated by decomposition of refuse are rapidly low­ 
ered as the leachate migrates away from the source.

Carbon dioxide (CO?) is significantly different between the 
"up" position and the "down" and "in" positions, whereas ammonia 
(NH4 ) can separate "in" from the "up" and "down" positions. The 
increase in C02 is a common effect of landfill leaching and re­ 
sults from degradation of organic matter in the landfill. The 
increase in concentration of NH 4 within the landfills is also 
characteristic of leachate production. As microbial degradation 
of organic compounds proceeds, C02, CH 4 , NH^, and sometimes H 
and H2 are produced as end products (Baedecker and Back, 19 
The group means for CO^ and NH 4 reflect this process; means are 
highest for "in"-position wells and lowest for "up"-position 
wells. In addition, H2 S was detected in four wells in the "in" 
group, and CH4 was detected in all "in" wells.
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Figure 13. Stiff diagrams showing the variation in concentration of the common ions in 
ground water throughout the study area. (The county code prefix, FR-, has been deleted 

from well numbers. Scale for FR-247 and FR-256 is 2X.)
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Another effect of the landfills is the dominance of ammonia 
as the major nitrogen species in all wells downgradient from the 
landfills. In almost all of the upgradient wells, organic nitro­ 
gen or nitrate plus nitrite are the dominant nitrogen species. 
The dominance of ammonia in the downgradient wells is caused by 
reduction, decomposition, and ammonification of other nitrogen 
species in the landfills and subsequent migration of the water. 
The only downgradient well in which nitrate and nitrite were not 
completely converted to ammonia is FR-248.

Potassium (K) is significantly different between all groups, 
perhaps because it is normally a very conservative constituent and 
has very little variability in concentration in stable ground- 
water systems. Potassium, which is ranked medium with respect to 
attenuation and mobility (Griffin and others, 1976), is the only 
variable that could separate all group combinations at the 95- 
percent confidence interval. The group means for K increase from 
position "up" to position "down," and reach a maximum of 200 mg/L 
for wells penetrating refuse. The group mean concentration of 
the "down" wells is approximately 36 times less than for the "in" 
wells, which reflects adsorption to clays as leachate migrates 
away from the landfills.

The significance of hardness (mg/L as CaCCM is related to a 
condition termed "hardness halo," which can be observed in ground 
water near landfills 2, 3, 4, and 5 and is described below. The 
mechanics and existance of the hardness halo near other landfills 
has been documented by Griffin and others (1976). Hardness halo 
results from the displacement of Ca from clays exposed to landfill 
leachate. Data also indicate Ca is displaced from clay cation- 
exchange positions by Na, K, NH4 , and Mg. The significant varia­ 
tion of K, Mg, and NH^ between certain positions, as discussed 
earlier, may be related to the hardness-halo phenomenon.

The halo process begins with a relatively pure (undiluted) 
leachate in which Ca concentration is low, such as in samples 
from FR-261 (Ca = 7 mg/L). As the leachate moves away from the 
source, Ca concentrations increase, then decrease to background 
levels with distance from the refuse. Because of ground-water 
flow convergence and well placement in the study area, not all 
of the stages are seen.

The flow path defined by wells FR-258, FR-247, and FR-248 
(figs. 3 and 6) illustrates the general chemical process and 
development of the hardness halo:
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Well

Hardness
(mg/L 

as CaC03 )
Calcium 
(mg/L) Process

FR-258 510 96

FR-247 560 140

FR-248 

FR-224 

FR-234

320

270

330

73

71

73

Leachate being produced 
by refuse penetrated by 
well FR-258. Leachate 
begins migration and 
elution of Ca is 
already occurring.

Concentration of hard­ 
ness increases as Ca 
is eluted from clays 
in greater amounts.

Concentration of hard­ 
ness and Ca in well 
FR-248 falls to back­ 
ground levels as de­ 
fined by control wells 
FR-224 and FR-234.

The flow path defined by FR-201, FR-242, and FR-246 also 
indicates this process; however, FR-201 represents ambient concen­ 
trations before leachate enters the system. The increase in Ca 
and hardness occurs between leachate entry, FR-242, and FR-264. 
It should be noted that, in the first example, FR-247 has higher 
levels of Na and NH/ than FR-258, the upgradient well, which may 
indicate another, closer source of contamination.

COD, a measure of oxidizable-material load, is a relative in­ 
dicator of the pollution load of a natural water. Levels of COD 
are significantly higher in wells penetrating refuse than in down- 
gradient wells. Levels of COD were not significantly different 
between position "up" and positions "down" and "in." The lack of 
difference may be caused by the large thicknesses of aquifer ex­ 
posed to the atmosphere by drawdown in the vicinity of the upgrad­ 
ient wells. Since 1979, levels of COD have increased 20 to 1,200 
percent in "up" wells that have been affected by dewatering. The 
dewatering in these areas encourages decomposition of aquifer ma­ 
terials that were previously in equilibrium with the ground-water 
system, thereby creating increased oxygen demand.
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Although not presented statistically because of many values 
at the instrumental detection level, BOD (table 3), also an in­ 
dicator of pollution load, varies significantly between position 
groups. BOD was detected in one "up"-position well and two 
"down"-position wells. However, all "in"-position wells except 
for FR-259 contained BOD, the concentration of which ranged from 
0.2 to 67 mg/L.

Increase in DOC concentration is characteristic of waters af­ 
fected by solid-waste disposal. DOC is significantly different 
between position "up" and positions "in" and "down." The group 
mean (59 mg/L) for "in" wells exceeded the recommended threshold 
limit value of 5 mg/L, which indicates contamination by organic 
compounds.

The effects discussed thus far are common to most landfills 
that generate a leachate, and specifically to landfills 2, 3, 4, 
and 5 in the study area. No degradation of ambient water quality 
is noted in well FR-248, which lies directly downgradient of land­ 
fill 1. The similarity between water quality in FR-248 and con­ 
trol wells FR-224 and FR-234 indicates that landfill 1 apparently 
has little or no effect on ambient ground-water quality.

The quality of water from well FR-261, completed in sand and 
gravel beneath the base of landfill 4, is the most degraded in 
the study area. This water contains very high concentrations of 
most constituents analyzed for, and has chemical characteristics 
common to most leachates (Garland and Mosher, 1975). Water from 
well FR-259, also in landfill 4, and well FR-260, completed in 
the levee between landfill 4 and Scioto River, are similarly 
degraded, but not to the extent of FR-261.

Ground water from well FR-256 near landfill 2 and adjacent 
well FR-257 near landfill 3 is similar in many respects, and 
contains elevated concentrations of most of the common ions and 
heavy metals. Concentrations of DOC are 10 to 35 times higher 
than in wells unaffected by refuse. Elevated concentrations of 
methane and carbon dioxide, the presence of hydrogen sulfide, and 
the dominance of ammonia as the major nitrogen species reflect 
reducing conditions in the aquifer near landfills 2 and 3. All 
these factors indicate that ground water near landfills 2 and 3 
has been affected by leachate.

From well FR-256 south to well FR-260, ground water in the 
vicinity of the river levee has been similarly affected. Because 
the composition of the levee and the landfills are essentially the 
same, it is not possible to determine which is the primary source 
of contamination. It is probable that both the levee and land­ 
fills contribute to the degradation of ground-water quality.
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Waste disposal in landfall 5 K egan at the southern edge and 
proceeded north. The ground-watfcj. ^u^lity reflects the filling 
sequence; water from PR-242 at the southern edge is the most de­ 
graded and water from FR-244 at the northern edge shov* <s the least 
effect. Ground water from well FR-244 is similar to that of 
control wells FR-224 and FR-234 just north of landfill 5, except 
for presence of methane and slightly higher concentrations of the 
common ions and metals. Although landfill 5 affects the aquifer 
near FR-244, the degradation of ground water is more pronounced 
near wells FR-242 and FR-246. In this area, elevated levels of 
calcium, manganese, and hardness indicate that elution of calcium 
and manganese occurs as leachate evolves and migrates towards the 
ground-water surface.

The effect of leachate generated from landfill 5 on ground- 
water quality in the underlying aquifer is diminished by the thick 
unsaturated zone created by local dewatering. If not for the de­ 
composition, dissolution, ion exchange, and biological decay tak­ 
ing place in this zone, the contamination would be much higher. 
At present, all ground-water flow from landfill 5 is towards the 
quarry sump.

Organic compounds present in the sediments of Scioto River 
and Scioto Big Run cannot be attributed directly to the landfills 
because of a number of other possible sources in the study area. 
Likewise, the organic compounds in water from Scioto Big Run can­ 
not be attributed to a specific source. It should be noted that 
most of the compounds present are considered persistant and accu­ 
mulative, and may have been in the sediment for a long time.

SUMMARY AND CONCLUSIONS

Hydrogeology and water quality were evaluated in the vicinity 
of five landfills located in the Scioto River valley in southern 
Franklin County, Ohio. Surficial deposits, which are actively 
mined, consist of interbedded glacial sand, gravel, and till that 
attain a maximum thickness of 160 feet within the study area. A 
30-foot-high levee constructed in the early 1900's parallels the 
Scioto River on both banks; a section of the western levee is com­ 
posed of refuse ranging from 12 to 35 feet in thickness.

The Columbus Limestone of Devonian age, which also is active­ 
ly mined, underlies the entire study area. In some places, the 
limestone is fractured and jointed at the contact with the glacial 
deposits. The surface was highly eroded during glaciation and 
exhibits east-west trending valleys. Water-level and geologic 
boring data indicate good communication between the limestone and 
overlying glacial deposits.

A large cone of depression that affects ground-water flow 
throughout the entire study area is centered on a heavily pumped 
limestone quarry located between landfill 5 and Scioto River. The 
dewatering has created a thick unsaturated zone beneath landfill
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5, and has converted a 4-mile segment of Scioto River to a losing 
stream. The maximum water-level decline in the study area for a 
3-year period is 21 feet.

Seepage data indicate that Scioto River receives ground-water 
inflow near landfill 2, but loses water to the aquifer as it be­ 
comes influenced by ground-water withdrawals. Data also indicate 
that effluent from a sewage-treatment plant is a major component 
of streamflow during low-flow conditions. In Scioto Big Run a 
losing stream the entire flow originates at a breach in a levee, 
to a large lake fed by quarry dewatering. Upstream of the levee 
breach, the stream has no flow except during periods of heavy 
rainfall.

Analysis of water from well FR-256 identified very low 
concentrations of four organic compounds: diethyl-phthalate, 
di-n-butyl phthalate, isophorone, and naphthalene. However, 
the presence of the compounds identified industrial chemicals, 
plasticizing agents, and solvents cannot be considered signifi­ 
cant because of low concentrations and possible interferences in 
the analytical process. Results of analysis of aquifer sediments 
for the same compounds were negative.

Analysis of dissolved constituents in the water column of the 
streams is consistent with past results, however, a phthalate ester 
was detected in Scioto Big Run at a concentration of 31.4 ug/L  
10 times the USEPA recommended limit for protection of freshwater 
aquatic life.

Because streamflow and water quality in Scioto Big Run and 
the Scioto River are highly variable and heavily influenced by 
human activity, more emphasis was placed on analysis of streambed 
sediments as an indicator of past and present water quality. Poly- 
nuclear aromatic hydrocarbons (PNAs) ranging from 2,980 to 9,440 
micrograms per kilogram of sediment from Scioto River indicate a 
segment of the streambed (at site FR-267) is heavily degraded com­ 
pared to upstream sediment (at site FR-265), which did not contain 
any of the compounds. Nearby ash ponds or an incinerator may have 
produced these high concentrations of PNAs. Streambed sediment 
from Scioto Big Run contains various organic compounds at concen­ 
trations ranging from 90 to 3,200 micrograms per kilogram. Iden­ 
tification of some compounds was only tentative; however, the 
total organic load and varied nature of the compounds may indicate 
degradation from several sources. Analyses of toxic metals in 
streambed sediments of Scioto River also show higher concentra­ 
tions at site FR-267 than at FR-265. Concentrations of toxic 
metals in streambed sediment from Scioto Big Run are intermediate 
between those from the two Scioto River sites.

Organic compounds detected in the water and sediments from 
Scioto Big Run and in the sediment of Scioto River cannot be dir­ 
ectly attributed to the landfills because other sources may be 
present in the area. Most of the organic compounds indentified 
are accumulative, and may have been in the sediment for a long 
time.
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All wells sampled for water quality were separated into the 
groups "up" (upgradient), "down" (downgradient), or "in," (pene­ 
trating refuse) on the basis of their position with respect to the 
landfills and the ground-water flow system, and whether refuse was 
encountered during drilling. Ambient ground water as defined by 
"up" wells is a hard, calcium bicarbonate type, with a median pH 
of 7.1; this value has not changed significantly since an earlier 
report (de Roche and Razem, 1981). Concentrations of iron and 
manganese routinely exceed OEPA drinking-water standards.

Analysis of variance on the rank-transformed ground-water- 
quality data indicates there are significant (greater than 98- 
percent likelihood) water-quality differences between the three 
position groups for 12 water-quality variables. Tukey's test was 
used to determine which variables cause the groups to be different 
at the 95-percent confidence level. Most variables were statisti­ 
cally different between group "up" and groups "down" and "in"; 
five variables showed a difference between groups "down" and "in."

Wells located in and downgradient of landfills have higher 
concentrations of most chemical constituents than upgradient 
wells. Increases in concentrations of the common ionic species, 
(statistically significant in terms of specific conductance and 
dissolved solids), are the most noticeable effect of the landfills 
on ground water. The significance of sodium, chloride, potassium, 
and magnesium is related to decomposition of refuse and attenua­ 
tion processes as leachate is formed and migrates away from the 
landfills.

Elevated concentrations of dissolved organic carbon are re­ 
lated to the decomposition of refuse in the levee and landfills. 
Downgradient wells FR-247 and FR-264 exceed a recommended thresh­ 
old concentration of 5 mg/L for dissolved organic carbon, which 
indicates contamination by organic compounds. All "in" wells 
exceed this threshold except for FR-258.

Carbon dioxide, chemical oxygen demand, and ammonia show 
between-group differences based upon chemical and biological reac­ 
tions occurring in and downgradient of the landfills and levee. 
Concentrations are generally highest in water from wells penetrat­ 
ing landfills, intermediate for downgradient wells, and lowest for 
upgradient wells. Carbon dioxide is generated through decomposi­ 
tion of organic compounds in the refuse, whereas chemical oxygen 
demand indicates an oxygen deficit and high pollution load.

The predominant nitrogen species in and downgradient of land­ 
fills 2, 3, 4, and 5 is ammonia. This results from biological re­ 
duction and decomposition of other nitrogen species in the refuse 
and the subsequent migration of leachate.

Water samples from wells FR-259, FR-260, and FR-261 indicate 
that ground water beneath landfill 4 is the most degraded in the 
study area. Similar chemical conditions exist near landfills 2 
and 3 where ground-water quality also is heavily affected. The
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refuse in landfill 4 and in the levee near landfill 2 is satur­ 
ated. Water-level and stream-stage data indicate that flow be­ 
tween Scioto River and the aquifer is occurring near landfill 2 
and that the direction of flow is controlled by head relationships 
between the aquifer and stream. It is probable that both the 
refuse-containing levee and landfills 2, 3, and 4 contribute to 
the degradation of ground-water quality in the study area.

Water from wells FR-242, FR-244, and FR-246, downgradient 
from landfill 5, has elevated concentrations of the common ions, 
ammonia, and heavy metals, and also generates methane. The pro­ 
duction of methane gas and the presence of a "hardness halo" are 
evidence of leachate production. The degradation of ground water 
beneath landfill 5 is less than at landfills 2, 3, and 4, because 
of the thick unsaturated zone that allows for increased dissolu­ 
tion, attenuation, and biological decay of leachate produced by 
the refuse.

At present, ground-water flow in the study area is directed 
towards the quarry sump east of landfill 5, which represents the 
base of the cone of depression. Ground-water levels continue to 
decline; however, if current patterns of water use change, there 
may be significant changes in the hydraulic relationship among the 
levee, landfills, aquifer, and streams. Any modification of these 
relationships will affect the production and ultimate destination 
of leachate being produced by the landfills.
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