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

CORRECTIONS

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

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

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.

6th paragraph; line 2 should read: "(17 to 720 pg/L)...."
7th paragraph; line 2 should read: "530 mg/L ..."

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

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

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-E 1 Uni By
inch (in) 25.4
foot (ft) 0.3048
acre 0.4047
mile (mi) 1.609
square mile (miz) 2.590
cubic yard (yd3) 0.7646
cubic_foot per second 43.81

(£t3/s)

To Obtain Metric Uni

millimeter (mm)

meter (m)

square hectometer (hm
kilometer (km)

square kilometgr (km2)
cubic meter (m”)
liter per second

(L/s)

2)

ABBREVIATIONS AND SYMBOLS

°C3 deg. C
ft3/s

mg/L

ug/L
ng/kg

Hm

nS/cm

ND

ppm

D iDL

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 hazardous substance

HW hazardous waste

HWC hazardous waste constituent
PTP 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, 1978a, 1978b, 1979, 1980a,

1980b).



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 beenleveed with 12 to 35 feet of refuse. Ground-water
withdrawals caused a maximum 2l1-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 (ng/kg) and concentrations of toxic metals ranging from
1 to 720 ng/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 ug/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.



















































































































































Hardness

(mg/L Calcium
Well as CaCO3) (mg/L) Process
FR-258 510 96 Leachate being produced
by refuse penetrated by
well FR-258, Leachate
begins migration and
elution of Ca is
already occurring.
FR-247 560 140 Concentration of hard-
ness increases as Ca
is eluted from clays
in greater amounts.
FR-248 320 73 Concentration of hard-
ness and Ca in well
FR-224 270 71 FR-248 falls to back-
ground levels as de-
FR-234 330 73 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 landfill 5 began at the southern edge and

proceeded north. The ground-wate. yu2lity reflects the filling
sequence; water from FR-242 at the southern edge is the most de-
graded and water from FR-244 at the northern edge shows 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 methene and slightly higher concentratioas 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
guarry 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 1osing
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. 1In 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-
guality 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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