












































Examination of test borings (Bowser-Morner Testing Laboratories, 1980; Dames and
Moore, 1983, 1984) shows the glacial lake deposit is a dark-brown silty clay containing
traces of sand and gravel that ranges from 6 to 15 ft in thickness. This horizon is oxi-
dized and mottled, and exhibits vertical fractures that extend into the underlying upper
till. A seasonal water table is present in this layer.

The upper till, formally called the Hayesville Till (White, 1961), is an olive-gray
clay containing silt, sand, and traces of gravel. This horizon ranges from 35 to 42 ft in
thickness and contains occasional thin seams (0 to 2 ft) of sand or sand and gravel. Sand
or gravel zones generally are saturated; however, yields are not sufficient to constitute a
usable water supply.

Values of vertical hydraulic conductivity from triaxial chamber tests (Bowser
Morner Testing Laboratories, 1980) performed on two samples were 8.5 x 10 ft/d (feet
per day). Examination of two core samples of upper till taken on site (Dames and Moore,
1984) revealed vertical fractures at a depth of 45 ft, which is within 10 ft of the upper-till/
lower-till contact (R. Pavey, Ohio Department of Natural Resources, Division of Geo-
logical Survey, oral commun., 1986). Because of the high resistance of low-K soils to
ground-water flow, the effects of nonuniformities such as stratified permeable sand
layers, fractures, and fissures become very important, as these provide the low-resistance
path to leachate flow (Mixon and others, 1987). During cell excavation (fig. 3) the upper
till is removed to within 10 to 15 ft of the contact with the lower till.

The lower or Millbrook Till (White, 1961) is a 15- to 25-ft-thick section of gray clay
with silt, sand, and gravel. In situ and laboratory testing (Bowser-Morner Testing Labo-
ratories, 1980; Dames and Moore, 1983) indicates that vertical hydraulic conductivity of
the lower till is in the range of 8.5 x 10~ to 1.2 x 10“ft/d. The contact between the
upper and lower tills is characterized by sand and gravel zones, mottling, and increased
water content. Zones of sand and (or) gravel are found throughout the entire thickness of
the lower till and range in thickness from 0.08 to 1.7 ft (Dames and Moore, 1984). The
lower till and associated sand zones generally are saturated, but do not yield sufficient
water to be considered an aquifer. The composition of the sand zones is variable and
ranges from silty/clayey sand to clean sand in composition and from fine to coarse in
texture. There are no data to suggest that the zones of sand and gravel are laterally
continuous in the sense of a readily identifiable bed or horizon; however, their prevalence
and relatively higher permeability than the surrounding clay till may allow these sand
zones to act as pathways for lateral and vertical flow and recharge to the underlying
dolomite aquifer.

Samples of upper and lower clay till from cores collected during drilling of well 115

were analyzed for mineralogic composition by X-ray diffraction. The samples, which
represent 39- to 40.5-ft and 59- to 60.5-ft depths, were found similar in mineralogy and
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consisted of muscovite, chlorite, quartz, calcite, ankeritic dolomite, and feldspar. The
tills produce carbon dioxide gas when reacted with hydrochloric acid, and, therefore, may
be termed calcareous clay tills.

The contact between the lower till and the underlying dolomite aquifer is character-
ized by discontinuous deposits of outwash sand and gravel and rock fragments. These
deposits, which typically range in thickness from 2 to 29 ft, commonly are found in
preglacial drainage valleys (Paulson, 1981), and, where saturated, are a good source of
water for small domestic supplies (Forsyth, 1968). This zone commonly is noted by local
drillers and identified as broken rock or gravel. The maximum thickness of this deposit
noted in the study area is 18 ft in boring CB-23 (Dames and Moore, 1984). The deposit
consists of clay, sand, gravel, and rock fragments and is located in a preglacial drainage
valley just east of the landfill.

Bedrock

The study area is underlain by the Greenfield Dolomite of Silurian age. Underlying
the Greenfield and also of Silurian age is the Lockport Dolomite. The landfill lies near
the gradational contact between the Greenfield Dolomite and the Lockport Dolomite.

The Greenfield Dolomite is considered to be a biohermal and biostromal facies of
the Lockport (Janssens, 1977). The Greenfield Dolomite is characterized as being brown,
microcrystalline, medium-bedded, and stromatolitic, with solution channels, bituminous
partings, and stylolites. The Lockport is a gray to blue-gray vuggy dolomite. Although
the dolomites underlying the landfill have characteristics of both the Lockport and Green-
field, they generally are assigned to the Greenfield Dolomite based upon the presence of
stromatolites and stylolites. Because of the facies changes, the contact between the
Lockport and Greenfield is considered to be gradational, and the units cannot be differen-
tiated easily in the subsurface (Janssens, 1977). Wells within the study area most likely
produce water from both units.

The complex geology is a result of the Silurian reef complex located in northern and
central Wood County (Mesolella, 1978). The Silurian reef complex is greatly variable in
thickness and exhibits many changes in facies between adjacent strata, which reflects
deposition in an environment that fluctuated between supratidal and intertidal. Evidence
of repeated subaerial exposure—an important factor influencing the porosity of carbonate
rocks—has been noted in local quarries where the Greenfield and Lockport Dolomites are
exposed (Kahle and Floyd, 1972; Kahle, 1978).

The bedrock surface in the vicinity of the landfill (fig. 4) is that of a ridge and a

valley trending northeast. Joints and fractures in the carbonate rocks are avenues for
carbonate solution and have influenced the present position of bedrock valleys.
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Rowland and Kunkle (1970) reported that northeast-trending joints are particularly
permeable. Borings near the landfill indicate the presence of joints and fractures (both
sealed and open), solution vugs, and cavities or voids.

Permeability in the Greenfield Dolomite is predominantly the result of secondary
openings—ijoints, fractures, and solution cavities. The high degree of aquifer heterogene-
ity caused by differing depositional environments, subaerial erosion, and formation of
secondary openings produces a wide range of water-yielding characteristics. Specific
capacity per foot of aquifer penetration ranges from 0.0028 to 0.3103 [(gal/min)/ft}/ft
(gallons per minute per foot per foot) for domestic and small commercial wells in the
study area. This range of values compares with the median value for “Area 3” of 0.0038
[(gal/min)/ft]/ft (Ohio Department of Natural Resources, 1970). Area 3 includes the
entire eastern half of Wood County, including the Northwood area. Wells having the
highest specific capacities either produce water from the lower till-bedrock interface, or,
because of their greater depth, may encounter a greater number of fractures.

round-Water Lev nd Fl

Assuming isotropic conditions within an aquifer, ground water generally moves
from areas of high hydraulic head to areas of low hydraulic head along paths perpendicu-
lar to potentiometric contours. Because flow in the dolomite aquifer is by means of
secondary openings, conditions within the aquifer are not isotropic and, therefore, differ
with direction.

If fracture spacing is sufficiently dense, flow in fractured media may resemble flow
in a granular porous media. If fracture spacings are irregular in a given direction, the
media will exhibit spatial trends in heterogeneity (Freeze and Cherry, 1979). Thirteen
out of 15 bedrock cores indicate the presence of highly fractured and vuggy zones in the
upper bedrock at depths of 70 to 80 ft below land surface. Deeper cores indicate that
highly fractured zones also are present from 80 to 100 ft deep.

Most monitoring wells near the landfill are screened in these highly fractured zones.
Reported transmissivities (H. B. Eagon, Jr., Eagon and Associates, Inc., oral commun.,
November 19, 1985) range from 0.83 ft?/d (feet squared per day) to 14.34 ft*/d, with a
mean value of approximately 5 ft?/d. These values were obtained from eight wells that
penetrate only the upper 20 to 30 ft of the dolomite aquifer and are not corrected for
partial penetration. Core logs indicate that the fractured zone is widespread and may
react like a porous medium; however, the range in transmissivities would indicate that
conditions are heterogeneous, and that certain areas can transmit water at a higher rate
than others.

In the study area, regional ground-water flow in the confined dolomite aquifer is
primarily from southwest to northeast, as shown by the potentiometric map. The potenti-
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ometric map (fig. 5) may be viewed as showing the sum of many possible directions of
ground-water flow through the various interconnected joints and solution channels.

The dominant local feature on the potentiometric map (fig. 5) is the ground-water
mound centered under the northern section of the landfill. The mound was first noted in
March 1984. Subsequent water-level measurements confirmed that it is persistent and
fluctuates seasonally. The mound appears to extend asymmetrically in the direction of
regional flow in the dolomite aquifer. The geometry of the surface suggests that the area
of recharge is approximately centered on landfill cell 1.

The potentiometric map shows aquifer reaction to recharge by snowmelt and by
1.26 in. of precipitation that occurred during the preceding 5-day period. Weather condi-
tions, combined with constricted drainage in Otter Creek where it enters a culvert under
Wales Road, caused surface flooding in the area. The restricted surface waters rose to an
altitude of approximately 613.3 ft, as indicated by high-water marks on the surface
casings of wells 112 and 115. Flooding was localized and confined to overtopping of
natural and manmade drainages near the landfill as opposed to a large area of inundation.
The surface waters receded over a 12-day period.

As aresult of flooding, surface waters rose to 0.7 ft above the top of the protective
casing of well 108. Similar flooding occurred in April 1985, and well 108 again was
submerged. The flooding of well 108 may have contributed to the ground-water mound;
however, the magnitude of the effect is not known.

Ground-water levels near the northernmost landfill cells fluctuate as much as 14 ft
per year (figs. 6A and 6B), in contrast to fluctuations of less than 3 ft per year in wells
upgradient from the landfill. Reaction to precipitation and snowmelt is much more
pronounced near the landfill, as shown by water-level increases from December 1984 to
February 1985 (fig. 6A). Water-level fluctuations (fig. 6B) during the period February to
March 1985 show the general decrease in water levels as the mound dissipates. The high
permeability of landfilled wastes, the proximity of the cell base to the fractured till zone
near the upper/lower till contact, and the fractured nature of the dolomite surface are
factors likely contributing to the large water-level fluctuations near the center of the
northernmost landfill cells.

Figure 7 shows the relation between precipitation and water levels in wells com-
pleted in the till and underlying confined aquifer. Well 113 is screened, sand packed
(25 to 49 ft below land surface), and grouted in the upper-till/lower-till interface, whereas
well 121 is cased in the dolomite and is open hole below. Well HY-2 is located approxi-
mately 29 miles southeast of the study area, is cased in the dolomite aquifer, and is open
hole below. All wells were equipped with water-level gages and digital recorders that
recorded water level on an hourly basis.
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Figure 7.-- Hydrographs showing relation between water levels in wells WO—113 (tilf), WO-121 (carbonate),

and HY-2 (carbonate) and daily precipitation for 1985 water year.
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Water levels in well 113 (Boring B-4, Bowser Momner Testing Laboratories, 1980)
reached a maximum of 0.96 ft above land surface on March 15, 1985, in response to
precipitation on an already saturated surface. The high water levels reflecting periods of
recharge from January through May are replaced by downward-trending water levels
during summer and fall that reflect the moisture deficit in the overlying clays and tills.
The reaction of well 113 to precipitation indicates communication between the surface
and the upper/lower till, perhaps by means of fractures, sand seams, or other permeable
deposits.

By comparing the hydrographs of confined wells HY-2 and 121, it is possible to
match up a series of barometric fluctuations, even though HY-2 was affected by pumping
from October through December 1984 and June through September 1985. Aside from
the effects of pumping, the most significant event is the rise in water level from February
through March 1985. Water levels rose 2.91 ft in well 121, as compared with 1.05 ft in
HY-2. Records of wells LU-1 and S-3, located in confined dolomite aquifers in adjacent
Lucas and Sandusky Counties, show increases of less than 0.5 ft for this same period
(Shindel and others, 1986), which indicates that water-level increases in 121 are abnor-
mal. Climatological data (National Oceanic and Atmospheric Administration, 1985)
indicate that precipitation is comparable for all these areas.

Long-term fluctuations also may be seen in the hydrograph comparison of 121 and
HY-2. After spring recharge the hydrograph of well 121 shows a sustained higher water
level as compared with well HY-2. Because of this transient response, it is likely that the
net water-level increase of approximately 2 ft reflects an increase in storage in the aquifer
due to recharge.

Water-level rises in a confined aquifer do not necessarily indicate an increase in
storage, and may be caused by atmospheric pressure fluctuations. As atmospheric pres-
sure increases, the water levels in wells tapping confined aquifers are lowered. The ratio
of water-level changes in the well to the inverse of water-level changes in a water ba-
rometer 1s called the barometric efficiency (BE) of the aquifer (Walton, 1970).

The BE of the dolomite aquifer underlying the landfill was calculated (fig. 8) from
barometric and water-level data collected during the period January 25 to 26, 1985. If the
barometric efficiency of an aquifer is known, the barometric pressure needed to cause a
corresponding increase in water levels within the aquifer can be calculated using the
equation:

AW(100)
BE

where BE is barometric efficiency of aquifer, in percent;

ABp

AW it§ chagge in water level resulting from a change in atmospheric pressure,
in ft; an

ABp is change in atmospheric pressure, in ft of water.
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Using 81 percent as the calculated BE of the aquifer and the water-level increase of
2.91 ft in well 11 during February 1985, an impossible barometric-pressure change of
26.5 ft of water or 594 mm (millimeters) Hg would have been required to cause a 2.91-ft
water-level fluctuation. Considering normal yearly barometric fluctuations for the study
area are usually less than 3.4 inches of water (6.35 mm Hg), it is likely that water-level
increases in the study area are a result of recharge to the aquifer, not barometric-pressure
changes.

Vertical head gradients near the landfill (fig. 9) indicate that water is moving down-
ward from the landfill to the dolomite aquifer through a continuously saturated section of
till. Wells 113 and 123, which are completed in the upper/lower till and the lower till,
respectively, have consistently higher heads than 112, which is completed in the dolo-
mite. The direction of ground-water flow is from high head to low head; thus, the flow
near the landfill is downward toward the dolomite aquifer.

Downward vertical flow toward the dolomite aquifer also is indicated by head
conditions in the landfill’s northern solid-waste cells. Fluid levels in the methane-venting
wells were measured twice and showed a rise similar to that in other wells in the study
area.

Altitude of
fluid level
(ft above
Well Date sea level)
WO-152 1-29-85 614.67

4-03-85 615.21

WO-154 1-29-85 610.37
4-03-85 611.12

Although it is possible that these fluid levels represent perched zones within the
refuse, the presence of seepage zones at the edge of the landfill would indicate that the
fluid surface is fairly uniform. A leachate seep emerges at an altitude of 614 ft above sea
level at the landfill toe near well 107, and there is a seepage face at an approximate
altitude of 614 ft along the eastern boundary of the landfill.

These measurements indicate a fluid level within the landfill at or near the original
land surface of 615 ft above sea level—very similar to levels in well 113. Comparison of
fluid levels within the landfill with wells 123 and 112 indicates a downward hydraulic
gradient from the landfill to the till and to the dolomite aquifer. The position of the
potentiometric mound (fig. 9) suggests that the landfill is the area of recharge (downward
flow) and the cause of the mound.

Water levels in wells 113 and 123 indicate that parts of both the upper and lower till
are saturated. Similar conditions likely exist beneath the landfill. Rapid transmission of
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recharge to the dolomite aquifer may be encouraged by desiccation cracks formed by
drying and shrinkage of clays and by fractures within the till.

WATER QUALITY

The water-quality sampling program was designed to assess the current water quality
in the study area and to determine if the landfill was affecting ground-water quality or
surface-water quality. Water-quality samples (fig. 10) were collected from 18 wells,

3 surface-water sites, and 2 methane-venting wells. To assess seasonal water-quality
variations, several wells were sampled more than once during the period April 1984 to
July 1985. Water samples were analyzed for physical properties; major, minor, and trace
constituents; nutrients; organic constituents; and stable isotopes. In addition, streambed
sediments were analyzed for trace metals and base/neutral- and acid-extractable organic
compounds. Table 2 (at back of report) presents results of analyses of the ground water.

Toun T

The chemical composition of ground water in the dolomite aquifer differs considera-
bly throughout the study area, as seen from the wide range in concentration of many
individual constituents (table 3). Ground water from the dolomite aquifer is very hard,
has a median pH of 7.55 and a median specific conductance of 1,025 uS/cm (micro-
siemens per centimeter at 25 °C). The most abundant anions are sulfate and bicarbonate,
with median values of 425 mg/L (milligrams per liter) and 141 mg/L, respectively. The
major cations are calcium, with a median concentration of 100 mg/L., and magnesium,
with a median concentration of 41 mg/L. Chloride concentrations range from 3.3 to 26
mg/L, with a median value of 10 mg/L.. Sodium has a median concentration of 61 mg/L.
Potassium is present in amounts ranging from 1.9 to 3.6 mg/L.

Iron and manganese range widely in concentration, iron from 3 to 2,400 pug/L
(micrograms per liter), and manganese from 1 to 550 pug/L. Ground water in well 112
exceeds the Ohio Environmental Protection Agency (1978, 1980) drinking-water
standard (table 2) for both iron and manganese. The dominant nitrogen species is ammo-
nia, with a median concentration of 0.4 mg/L. Total organic carbon ranges from 0.7 to
8.7 mg/L, with a median concentration of 1.3 mg/L.

Phenols with concentrations ranging from 1 to 5 pug/L were detected in four wells.
Waters in wells 107 and 111 exceed the Ohio Environmental Protection Agency drink-
ing-water standards for phenol. In all other wells tested, no organic constituents were
above detection levels. Analysis of ground-water samples for 26 VOCs (volatile organic
compounds), 43 base/neutral-extractable compounds, and 11 acid-extractable organic
compounds (table 4) detected 2 pg/L of di-n-butyl phthalate in well 107 and 8 pg/L of
2-ethylhexyl phthalate in well 112.
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Table 4.—Organic compounds analyzed for in water from selected
wells and stream sites near Northwood, Ohio

Purgeable organic compounds,! total recoverable

Benzene

Bromoform

Carbon tetrachloride
Chlorobenzene
Chloroethane
2—-Chloroethyl vinyl ether
Chloroform
Chloromethane
Dibromochloromethane
Dichlorobromomethane
1,1-Dichloroethane
1, 2-Dichloroethane
1,1-Dichloroethylene

1,2-trans-Dichloroethylene
1,2-Dichloropropane
1,3-Dichloropropene
Ethylbenzene
Methylbromide

Methylene chloride
1,1,2,2-Tetrachloroethane
Tetrachloroethylene
Toluene
1,1,1-Trichloroethane
1,1,2-Trichloroethane
Trichloroethylene

Vinyl chloride

Base/neutral-extractable compounds?’

Acenaphthene
Acenaphthylene

Anthracene

Benzo (a) anthracene

Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (g,h,i) perylene
Benzo (a) pyrene
4-Bromophenyl phenyl ether
Butyl benzyl phthalate

bis (2-chloroethoxy) methane
bis (2—-chloroethyl)} ether
bis (2-chloroisopropyl) ether
2-chloronaphthalene
4-chlorophenyl phenyl ether
Chrysene

Dibenzo (a,h) anthracene

1, 2-Dichlorobenzene
1,3-Dichlorobenzene
1,4-Dichlorobenzene

Diethyl phthalate

Dimethyl phthalate

Di~n~butyl phthalate
2,4-Dinitrotoluene
2,6-Dinitrotoluene
Di~n—octylphthalate

bis (2-Ethylhexyl) phthalate
Fluoranthene

Fluorene
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane

Indeno (1,2,3-cd) pyrene
Isophorone

Naphthalene

Nitrobenzene
n-Nitrosodimethylamine
n-Nitrosodi-n—-propylamine
n-Nitrosodiphenylamine
Phenanthrene

Pyrene
1,2,4-Trichlorobenzene

Acid—-extractable compounds?

4-Chloro-3-methylphenol
2-Chlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol

4, 6-Dinitro—2-methylphenol
2,4-Dinitrophenol

2-Nitrophenol
4-Nitrophenol
Pentachlorophenol
Phenol

2,4, 6-Trichlorophenol

!Analyses for selected purgeable organic compounds were performed
on ground water from wells WO-102, WO-104, WO-107, WO-111, WO-112,
WO-113, WO-115, WO-119, and WO-123. The detection level for purge-—
able organic compounds is 3 pg/L. (Analysis by gas chromatograph
with mass—specific detector.)

’Analyses for selected base/neutral- and acid-extractable organic
compounds were performed on ground water from wells WO-102, WO-107,
WO-112, and WO-119. Surface water and bottom material from sites A,
B, and C were also analyzed for organic compounds. Detection levels
for acid-extractable compounds were 1 pg/L and 20 ng/kg in water and
bottom material, respectively. Base—neutral-extractable organic
compounds were detectable at concentrations greater than 1 ug/L in
water and greater than 10 pg/kg in bottom material.
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The phthalate esters detected are commonly used as plasticizers, and low levels of these
compounds are considered to be widespread in the environment (Mayer and others,
1972). Phthalate esters also may appear as artifacts in organics analysis because of low-
level contamination of items used in the laboratory process. Because of these factors, the
organic compounds detected cannot be considered significant in terms of denoting or-
ganic contamination.

The differences in relative concentrations of the common ions are easily seen by
means of a trilinear diagram (fig. 11), which graphically compares ground waters on the
basis of percentage of total cation and anion charge in a water sample. Water types in the
dolomite aquifer range from calcium-magnesium sulfate to calcium-magnesium-sodium
sulfate. Upon visual inspection of the cation and anion triangles of the diagram, the well
waters may be qualitatively separated into groups:

ion grou Anion groups
1. WO-110 (grout effect) 1. WO-110 (grout effect)
2. WO-119 2. WO-107, WO-113 (till), WO-119
3. WO-113 3. WO-123 (till)
4. WO0-123 (till), WO-115 4. WO-112
5. WO-152 (methane) 5. WO-152 (methane)
6. All other wells 6. WO-111

7. All other wells

In the case of sample 152, the cause of the distinct group is high percentages of
bicarbonate and chloride and a relatively low percentage of sulfate. However, the cause
of other groups is not so obvious and is due to well construction, aquifer mineralogy, or
degraded water quality.

Waters in wells 113 and 123 are chemically different from wells in the dolomite
aquifer because they produce water only from the upper/lower and lower till, respec-
tively. They also differ appreciably from each other because of the anomalously high
concentration of sodium in 123. A plausible source for the elevated concentration of
sodium is sodium-montmorillonite clay, commonly used in bentonite grout and the
bentonite plug found above the well screen sand pack in well 123.

There are also significant differences between the April 1985 and July 1985 samples
from till well 113. Elevated concentrations of dissolved oxygen, low temperature, and
low concentrations of iron, strontium, and manganese (table 2) may indicate that rela-
tively recent recharge affected water quality in April 1985. In contrast, values for the
July 1985 sample show much higher concentrations of iron, strontium, and manganese
and low dissolved oxygen (table 2). As would be expected from geologic, mineralogic,
and permeability data, waters from the till are more mineralized than waters from the
dolomite aquifer. Because of the calcareous nature of the till and because the surface-
area-to-volume ratio is greater in fine-grained aquifer materials, more minerals may be
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EXPLANATION
Cation groups Anion groups
1. WO-110 (Grout effect) 1. WO-110 (Grout effect)
2. WO-119 2. WO-107, WO-113 (Till), wO-119
3. WO-113 3. WwO-123 (Till)
4. WO-123 (Till),wO-115 4. WO-112
5. WO-152 (Methane venting) 5. WO-152 (Methane venting)
6. All other wells 6. WO-111

7. All other wells

Figure 11.-- Chemical character of ground water and cation and anion groupings of waters at Northwood, Ohio
(data in percentages of meq/L: the county—code prefix WO- has been deleted from well numbers).
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dissolved into solution. As a result of the differing environment, the ground water from
the tills is chemically very different from water in the dolomite aquifer; thus, compari-
sons between till and bedrock waters can be made only after careful consideration of the
individual constituents.

Wells 117 and 119, although finished in the dolomite, also may produce water from
the overlying till. The log of well 119 indicates the casing penetrates only 1.5 ft into the
bedrock, and the owner reports recurring problems with turbidity during spring recharge
and periods of heavy precipitation (Wendell Bihn, Bihn Well Drilling, oral commun.,
1984). The log of well 117 indicates that the casing stops 15 ft short of the lower till/
bedrock contact.

Well 118, although not depicted in a separate cation or anion group on the trilinear
diagram, has higher concentrations than other dolomite aquifer wells of almost all cations
and anions. Because the cations and anions are present in the same relative percentages
as other wells in the main group, the more mineralized nature of water from well 118 is
not evident. There is no evidence to suggest that the well produces water from the over-
lying till, and well records indicate a higher specific capacity than most wells in the study
area. The more highly mineralized water in well 118 may be related to the geologic
strata penetrated.

Waters from well 110 and, to a lesser extent, well 106, are affected by leaching of
cement grout and by chemical reactions between the grout and well water in the aquifer
near the well screen. Because of the interactions between grout and ground water, many
constituent concentration levels are not truly representative of native water quality in the
aquifer.

Chemical Reactions in Grouted Wells

Barcelona and Helfrich (1986) have noted that cement-grout contamination in
monitoring wells can have dramatic effects on water chemistry. These researchers found
pH values greater than 12 and alkalinity dominated by hydroxy! ion in cement-grouted
wells. As mentioned previously, two of the monitoring wells at the landfill show the
effects of grout contamination. Examples of shifts in constituent concentrations that
occurred in a well with elevated pH appear in table 5, as well as some plausible chemical
reactions that may have contributed to the changes observed. The table illustrates that
complex sequences of chemical reactions are likely taking place around the screen of an
improperly grouted well. For this reason, water-quality data obtained from such wells
(110, 106) should be interpreted with caution.
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Controls on Native Ground-Water Quality

The chemistry of ground water is controlled, in part, by the rocks and minerals with
which the waters are in contact. The presence and solubility of certain mineral phases
may control the concentration of constituents in natural-water systems.

The general chemical composition of the carbonate rocks (primarily the Lockport
Dolomite) of northwestern Ohio has been characterized by studies conducted at quarries
in Wood County and adjacent Sandusky and Ottawa Counties. Stout (1941) presented
numerous chemical analyses of the carbonates of northwestern Ohio. Turner (1977) lists
analyses of the Greenfield Dolomite in Lucas County and the Lockport in Lucas and
Sandusky Counties. Stith (1983) lists a single analysis of the Lockport Dolomite from
Sandusky County. The chemical results for Greenfield and selected samples from the
Lockport appear in table 6, and show that the rocks are dolomites containing silica,
aluminum, strontium, sodium, potassium, iron, manganese, and sulfur.

Mineralogically, the rocks are comprised of calcite (CaCO,) and dolomite
(CaMg(CO,),). Fluorite (CaF,), celestite (SrSO,), and strontianite (SrCO,) have been
recognized in Lockport rocks of Sandusky County (Carlson, 1986) and Ottawa County
(Morrison, 1935). Much of the silica in the carbonate rocks of the midwestern United
States is present as chert or chalcedony in layered nodules or bands (Weiner and Koster
Van Groos, 1976). Gypsum (CaSO, « 2H,0) and anhydrite (CaSO,) also have been
observed in the Lockport Dolomite and the younger Salina Formation of Silurian age
(Carlson, 1986; Janssens, 1977).

The equilibrium chemical model WATEQF (Plummer and others, 1976) was used to
compute saturation indices for mineral phases recognized in carbonate rocks of the
region, as well as for several related phases including quartz, amorphous silica (silica gel
precipitate), and amorphous silica (glass), which has an intermediate solubility between
amorphous silica gel and the crystalline-SiO, polymorphs, quartz, and chalcedony.

Mineral-equilibria calculations on well waters at Northwood that had cation-to-anion
imbalances of less than 5 percent appear as saturation indices in table 7. This form of the
saturation index also has been termed the “disequilibrium index.” Jenne and others
(1980) observed an increase in the variance of disequilibrium indices about the equilib-
rium (zero) value as the magnitude of the solubility value increased for a solid phase. A
value of 5 percent of the log of the solid’s solubility product (30.05 ( log K)) was found
to represent a useful error band for equilibrium with the solid.

Waters with saturation-index values within the error limit are in a state of chemical
equilibrium with respect to those minerals. While in this state, there is no tendency for
precipitation of a mineral from, or dissolution of a mineral by, these waters. Table 7 also
shows the log K values and associated 5-percent limits for selected mineral phases at a
temperature of 11 °C, which is generally representative of the ground-water system.
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Negative index values greater than the 5-percent error indicate conditions of undersatura-
tion. Under these conditions, mineral phases should be dissolving. Positive index values
greater than the 5-percent error indicate conditions of oversaturation. There is a thermo-
dynamic tendency for mineral phases to precipitate from oversaturated waters. From
these data, conclusions can be drawn about the controls on water chemistry operating in
the native ground-water system. The conclusions are listed in table 8, and selected points
are further addressed below.

The chemical characteristics of ground water in carbonate-rock aquifers often are
controlled by chemical processes far more complicated than equilibrium mineral solubil-
ity. Back and others (1983) explain that as ground water flows in a carbonate-rock
aquifer, the water initially dissolves calcite, dolomite, and gypsum or anhydrite at varying
rates. Chemical equilibrium (saturation) is first established with calcite and dolomite.
The chemistry of the ground-water system is altered by the continued dissolution of
gypsum, which increases calcium and sulfate concentrations. Increased calcium and
sulfate concentrations lead to the incongruent dissolution of more dolomite accompanied
by the formation of calcite. Calcite precipitation removes calcium ion from the ground
water and effectively keeps the water undersaturated with respect to gypsum. The net
result of this process is to alter calcium:magnesium concentration ratios and increase the
concentration of sulfate. A process of this type may well account for the elevated sulfate
concentrations and distinct gypsum undersaturation found in waters of the dolomite
aquifer near Northwood.

Ratios of chemical-constituent concentrations such as calcium:magnesium are
helpful for indicating similar chemical processes and controls in waters taken from
different wells. For this reason and because the carbonate rocks of the study area are not
pure mineral phases, the molal ratios of calcium and magnesium were compared between
well waters and those determined by chemical analyses of carbonate rocks from selected
localities near the Northwood site (table 9). The calcium:magnesium molal ratios appear
in table 9, and show that the ratios in the carbonate rocks differ to a slight degree depend-
ing on sample location and formation. Ca:Mg ratios in the Greenfield of Lucas County
(Turner, 1977) range from 1.015 to 1.043, with an average of 1.025. In the Lockport
Dolomite, for which a greater number of samples and sample localities are reported, the
Ca:Mg ratio ranges from 0.998 to 1.052. The ground waters in the Northwood area show
distinctly higher Ca:Mg molal ratios that range between 1.21 and 1.64 for wells in the
dolomite aquifer thought to be unaffected by well grout.

The higher values of Ca:Mg in well waters relative to the rock analyses is likely a
result of (1) preferential dissolution and precipitation of calcium carbonate and calcium
sulfate mineral phases in the fractures and vugs within the aquifer, or (2) a lack of chemi-
cal data for carbonate rocks at the Northwood site, which may indicate higher Ca:Mg
mole ratios do exist in the bulk carbonate rocks or in minerals found in vugs and fractures
in the dolomite at Northwood. In either case, the carbonate well waters show consistent
Ca:Mg ratios, which indicates similar chemical processes and conditions are operating to
control native ground-water quality.
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Table 9.—Calcium:magnesium mole ratios in selected carbonate rocks
in northwestern Ohio and in ground waters at Northwood, Ohio

Selected!

carbonate rocks

Selected!
ground waters

Mole ratio

Mole ratio

of calcium Well of calcium
County/quarry to magnesium number to magnesium
Greenfield Dolomite WO-102 1.49
Lucas/Maumee Stone 1.025 W0-104 1.45
(average of 11 analyses)
WO-105 1.53
Lockport Dolomite
WO-1062 1.67
Lucas/Maumee Stone 1.037
(average of 4 analyses) WO-107 1.56
Ottawa/U.S. Gypsum 1.000 WO-1102 2.01
Sandusky/Woodville Lime .999 Wo-111 1.60
Products
WO-112 1.64
Sandusky/Martin Marietta, 1.052
Woodville (average of WO-113 2.39
11 analyses)
WO-114 1.48
Sandusky/Ohio Lime Company 1.035
WO-115 1.48
Wood/Pelton .998
wWo-117 1.42
Wood/Sherman .999
WO-118 1.25
Wood/Owens Pit .998
Wo-119 1.21
Wood/Wood Stone, Bowling Gr. 1.009
WO~120 1.37
Wood/Wood Stone, Bowling Gr. 1.013
WO~123 1.44
Wood/Luckey .998

!Ratios in water are from analyses used for table 7; in rock are

from analyses in table 6.

’Grout contamination likely.

39




Although only two wells were sampled, the Ca:Mg molal ratio showed a much
higher value in 123 than in 113, which compared favorably with water from the dolomite
aquifer. The Ca:Mg ratio in till wells is 1.44 and 2.39 for 123 and 113, respectively.

The till waters have sulfate concentrations nearly double those in the dolomite
aquifer waters, and an explanation for this is not readily forthcoming. X-ray-diffraction
analyses did not indicate gypsum or other sulfur-bearing phases to be present in the tills
at an abundance greater than 5 percent by weight.

Plausible sources of the sulfate are: (1) gypsiferous material in the till matrix; (2)
pyrite or other sulfide minerals; (3) hydrogen sulfide gas, which has been oxidized by
waters recharging the till; and (or) (4) sulfate retained by anion exclusion processes
within the till matrix.

Water Quality and Landfill Leachate

Two samples of leachate were obtained from each of the methane-venting wells, 152
and 154. These wells are finished in the waste material in order to prevent buildup and
migration of methane gas. They also provide access to the leachate being produced by
the waste material. Both leachates are highly mineralized (table 2), with concentrations
of total dissolved solids (TDS, residue at 180 °C) of 3,170 mg/L for 152 and 26,300
mg/L for 154. Although most chemical constituents are typically elevated in a solid-
waste leachate, data indicate that boron, iron, ammonia, and total dissolved solids are the
most reliable indicators of ground-water pollution by landfill leachate (Clark and Piskin,
1977). Total hardness also is a reliable indicator in this instance because of high concen-
trations (2,500 mg/L and 12,000 mg/L) in the leachates as compared with native ground
water.

The highest concentrations of boron in the study area (fig. 12) are seen in the
leachate and in water from wells 107, 115, 111, and 112, All of these wells are located
immediately downgradient from the landfill. The concentrations of boron range from
650 to 830 pg/L in these wells, compared with a median value of 415 pg/L for all wells
in the dolomite aquifer in the study area.

Boron is a reliable indicator of ground-water contamination by leachate, perhaps
because of its conservative nature. The more important dissolved-boron species are
anionic or uncharged; therefore, they are not extensively adsorbed on other mineral
surfaces (Hem, 1985). Sources of boron in refuse are the common cleaning agent borax
and borosilicate glass. '

Levels of iron in well 107 appear elevated compared to nearby wells 104 and 108.
Concentrations of dissolved iron in well 112 (1,500 to 2,400 pg/L) are highly elevated in
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comparison to other carbonate wells (median concentration, 74 mg/L). The high iron
concentration, coupled with near neutral pH, and sufficient carbon dioxide, may encour-
age the growth of iron-oxidizing bacteria, which may cause the precipitation of iron in
112. Tron bacteria are ubiquitous in the environment, but evidence of their metabolic
activities is not normally encountered unless the proper conditions for their growth are
present. Rust-red-colored precipitates (ferric hydroxide®) were present on the inner walls
of the PVC well casing of 112. Evidence for existence of the precipitate was its presence
on the cables of water-level measuring devices used on well 112,

The highest levels of ammonia found are as ammonium ion (NH,*) in the dolomite
aquifer downgradient of the landfill. Ammonium ion is a useful indicator of leachate
because large amounts of ammonia (NH,) are produced from the microbial degradation of
organic compounds in landfill refuse. The concentration of ammonium ion (NH,*) in the
leachate ranges from 43 to 930 mg/L as NH,. Ammonium ion has a median concentra-
tion of 0.52 mg/L in the dolomite aquifer and is found in all wells in the dolomite aquifer.
Concentrations in downgradient wells 107 and 112 are slightly elevated and range from
0.52 t0 0.81 mg/L as NH,.

The relative age of a leachate may be inferred by its organic N and NH, load. In this
case, well 152 is more mature because of the lower organic N and NH, load. Also, 152 is
located in the oldest solid-waste cell in the landfill, and microbial degradation and subse-
quent migration of leachate has been occurring longer, which has resulted in decreased
values of nitrogen compounds. On the other hand, 154 is located in the most recent solid-
waste cell, therefore, it has the highest organic N and NH, load and is still actively
undergoing decomposition. The temperature of the leachate is 5 °C higher for 154 in
January 1985, perhaps indicating a higher rate of microbial activity.

All ground waters in the study area exceed the OEPA drinking-water standard
(table 2) for TDS. The highest concentration of TDS in the dolomite aquifer is in wells
111 and 112 (fig. 13) located directly downgradient of the landfill. Concentrations also
are somewhat elevated in well 107. The TDS in the leachate ranges from 3,170 to
26,300 mg/L. Leachates characteristically have high concentrations of TDS as compared
with native ground water because of the degradation of refuse, which supplies a varied
and concentrated source of chemical constituents. As the concentration of dissolved
components in leachate increases (TDS), the density of that leachate becomes greater
than that of the native ground water. The increased density of the leachate compared
with native ground water (as measured by TDS) initiates movement of the leachate
downgradient. It is not necessary to have a hydraulic-head difference (the ground-water
mound) for movement of the leachate away from the landfill to occur.

*Not confirmed by X-ray diffraction analysis.
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The significance of increased hardness may result from the displacement of calcium
and magnesium from cation-exchange positions on clays exposed to landfill leachate
(Griffen and others, 1976). Concentration of hardness ranges from 2,500 to 12,000 mg/L
in the leachates, compared with a median value of 440 for wells in the dolomite aquifer.
Consistently higher values of hardness (580 to 730 mg/L) are seen in well 112, and
slightly elevated values of hardness (580 mg/L.) are present in well 111, and, in one
analysis, 550 mg/L for well 107.

In summary, water from wells 107, 111, 112, and 115 contains elevated concentra-
tions of certain constituents that suggest mixing of leachate with native ground water.
The data, although suggestive of leachate migration, are not conclusive because of the
variability of ground-water quality in the study area. However, data on geology, ground-
water flow, landfill construction, and surface-water flooding indicate sources and prob-
able routes of leachate migration. In an attempt to qualify and further explain water
quality and hydrogeologic data, analyses of oxygen and hydrogen-stable isotope ratios of
ground water were used.

Oxygen and Hydrogen Stable Isotopes

Water samples for analysis of oxygen and hydrogen stable isotopes were collected
from 2 till wells, 12 dolomite-aquifer wells, and 1 surface-water site. In conjunction with
the isotope samples, water also was analyzed for major, minor, and trace constituents and
nutrients. Samples were collected after a period of intense precipitation in spring 1985,
which caused surface-water flooding and ground-water-level increases of more than 8 ft
in the vicinity of the landfill.

Isotopes are atoms of the same element whose nuclei contain the same number of
protons but a different number of neutrons. The heavier isotopes are almost always less
abundant, and the notation “R” refers to the ratio O-18:0-16 or to the ratio D:H where
deuterium (D) is a heavier, less common isotope of hydrogen (H). Isotopic compositions
are reported as parts per thousand (permil) differences of rare to common relative to a
standard known as V-SMOW or Vienna-Standard Mean Ocean Water. This relative
difference is called the delta value (8) and is defined for hydrogen and oxygen as:

dD -1 x 10°

sample = [( Rsample /R V-SMOW:

50-18_ = [(R__ /R, on]-1 x 10°

sample sample

V-SMOW is a water standard with an isotopic composition close to the average
ocean water; therefore, it is used in hydrologic investigations. Stable isotopes of O and H
are considered to be ideal water-source indicators or chemical tracers because concentra-
tions neither decay with time nor are the isotopes known to be removed from water by
exchange processes during movement through most aquifer materials (Winograd and
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Friedman, 1972). Silicate hydrolysis reactions, which are not a major control of water
chemistry in carbonate terrains, may operate to increase the deuterium content and de-
crease the oxygen- 18 content of water (International Atomic Energy Agency, 1983).

d D and 8 O-18 can be positive, negative, or zero. A positive value indicates enrich-
ment of a sample in oxygen 18 and deuterium relative to V-SMOW; conversely, negative
values of 8 O-18 and d D indicate depletion of oxygen 18 and deuterium isotopes relative
to V-SMOW. Values of d O-18 and 3 D in the study area are negative and appear in
table 2 for well water and in table 10 (at back of report) for surface water from Otter
Creek.

The precision of the isotope analyses for this investigation is 0.1 permil for § O-18
and £1.5 permil for d D. These values represent the 95-percent confidence interval.
Values of 8 O-18 range from -7.20 permil to -12.2 permil, whereas values for 8 D range
from -40.0 permil to -84.5 permil.

Figure 14 provides a preliminary indication of the areal variability in isotopic con-
tent of ground water and of the potential for multiple sources of ground water in the study
area. Waters with three distinctly different isotopic signatures are present in wells up-
gradient of the landfill. Waters from wells 117 and 119 have a heavier signature than
waters from wells 118 and 105, which are significantly lighter. Water from well 120,
also upgradient of the landfill, has an isotopic composition that is intermediate to the
other two groups of upgradient wells.

The isotopic composition of ground waters within and near the landfill perimeter are
even more variable. However, the waters from the glacial tills (wells 113 and 123) have
similar compositions that are only slightly lighter than a surface water from Otter Creek.
The waters from the tills are notably heavier than any upgradient water in the dolomite
aquifer.

Oxygen and hydrogen isotope data for all waters sampled, including leachates, are
plotted on a stable-isotope plot for water in figure 15. The values of 8 D and & O-18 for
all waters except leachates plot in a linear trend. A least-squares regression line was fit
through data collected from wells in the dolomite aquifer, glacial tills, and surface water.
Selected wells in the dolomite aquifer were excluded from the regression on the basis of
previous water-quality data indicating probable leachate effects and cement-grout effects.
Because the isotope data may indicate differences between ambient and affected water
chemistry, wells 107, 111, 115, and 112 were not included in the regression equation
because of prior evidence of leachate. The leachates also were excluded from the regres-
sion. Waters from wells 106 and 110 also were excluded because of prior evidence of
cement-grout contamination. The resulting regression equation, 8 D = 7.8 (6 O-18) +
10.5, describes a local water line and is similar to Craig’s (1961) global meteoric water
line of 3 D = 8 (8 O-18) + 10. This similar linear relation indicates that ground water in
the study area can be considered to represent atmospheric precipitation or surface water
that has not been isotopically altered as it has entered the ground-water system.

45



"eale Apns ayj Ul ajeyors| puE “iejem 8oeuNs ‘Jojem punosb jo uomisodwod adojost usbBAxo pue ueboIpAH —— "t 8inbi4
‘nwJiad u} ‘gL-0O ¢ 30 sasA|eue oM} JO sjInsad JO abBesaAe
S] Jaquinu Jamoy} ‘hwaad Ul *g Q }o sosAjeur om} jo
s}insaJl 30 abeisaae s) Joqunu soddn ‘jam Bujjuaa sueylaW .ﬁHlQ
‘Nwied u} ‘gL -0 ¢ SI JOqunu J9MO) Sty
fhwaed uy ‘g ¢ s1 Jaqunu 19ddn ‘9]1S 18)}BM 90BJING M.I.MIWl@
‘hiwiad ul ‘gL-0 ¢ SI Jequnu 19 MO]
‘Huaad uy ‘g ¢ S1 Joqunu ieddn ‘|jem uoljeasssqQ S

005- O
NOILVNVY1dX3

Cw i eRiRAPTE

HILINGIN 0861 ‘000'vE L ojbueipens abpuaem pue
= SR SR ST T 0861 ‘000'¥ 2.1 obueipend piojssoy

} Aaang resibojoan g woJy aseg

436

TR n.,

348

2

&

VAL

S0k
- [ §eL-~
TO0PL— AT D
048~ o8-

ADOMHTUON

;.\\
A L sy
!

.
QUGS

et T Shadny

=18 it

U B

% iawmnoo  _aoOw B
i ALNNOD EXELN, -
m ]

Wt ) ]
0868 DEEE 08



‘eaJe Apnis ayj uj J8)eMm 8OBINS pue

‘Jayem punoib ‘ejeyoes)] jo jJuajuod adojosi uabolipAy pue usbAxo pue aull l8jem jed20]--"G| ainbig

TINH3d NI ‘81-0 Q

AAV3H LHOIT
0°9- 02~ 08~ 06— ooL- oLl- ocl- oeL-
T T T T T 2B 08—
1H9IT
| o4O ‘191s00M (218-1-6) 811
je i191em punoib e ® %0, —0°08~
MoOjjeys pue sweens*®, = . ®
- sot
— SJaAll O1lYO —o06s2-
Sllem jueA-aueylew ow_.O s
— 3804) 1810 [ - 002~
1 reroeib ui sjjlem @
ﬁ ajjwojop ur sjlam O 4 0g9-
o
z
— S0L+8L-0Qx g2 =@ Q -10709- -
auj} Jajem jedo m
1l 19} I A o
<
B -1 0°6S- =
(28-1-6) 6LLD
c1-2st
~ ~0°0S-
| OIyO Ul J19JEM JBAM }O dosp
o sajdwes QQL 40} g Q e6eioay —=
YWI-¥S1
B v Hoov-
AAV3IH
| | | 1 | |

o'se-

47



In an attempt to better understand the time variations in isotopic content of ground
water in the Northwood area, wells 118 and 119 were resampled for isotopic analysis on
September 1, 1987. These additional data are plotted in figure 15 with date identifiers.
These data indicate that variations of 3 permil in & D and 0.5 permil in § O-18 might be
expected due to analytical precision of isotope analyses and natural variability in waters
from a single well.

The recent seasonal variation in the isotopic compositions for river waters in Ohio as
determined on a preliminary basis during the 1984-87 water years (Carol Kendall, U.S.
Geological Survey, oral commun., 1988) is shown by the stippled elliptical area at the
heavy (upper right) part of the figure. These data plot along an “Ohio water line” that is
dashed into the part of the plot with lighter isotopic compositions. The average & D for
100 samples of river water in Ohio is -44 permil. Additional data for seasonal variations
in isotopic composition of ground water and surface water from a stream-aquifer system
near Wooster in northeastern Ohio (J. E. Dysart, U.S. Geological Survey, oral commun.,
1986) also are shown by a dotted ellipse to further illustrate the seasonal variability in
recent meteoric water in Ohio. The waters from the till wells (113, 123) and Otter Creek
have compositions consistent with a recent meteoric water source. Few waters from the
dolomite aquifer (wells 111, 117, 119) approach the isotopic composition of recent
meteoric waters.

The isotopic data provide information on generation of leachate in the landfill, which
produces waters of anomalous isotopic content. Leachate samples for isotopic analysis
were collected from two methane-venting wells, 152 and 154. Both leachates are charac-
terized by elevated concentrations of many common and trace constituents as compared
with other wells sampled. Well 154 yields the more concentrated leachate of the two,
with a mean specific conductance of 27,900 uS/cm. Leachate from well 152 has a mean
specific conductance of 5,400 puS/cm.

Baedecker and Fisher (1977), Baedecker (1979), and Baedecker and Back (1979)
studied the chemical and isotopic signatures of landfill leachate and waters affected by
leachate. These studies showed that one result of the chemical reactions that produce
leachate is an isotopic shift to values 0 to 10 permil heavier and 10 permil heavier for
0 O-18 and d D, respectively, in leachate relative to native ground waters. All leachate
samples are heavier in deuterium and oxygen-18 than native ground water from the
dolomite aquifer.

Each of the leachate wells was sampled twice, so the data (table 2) also provide
some information on time variations in isotopic content. The leachate wells were first
sampled in January 1985, then resampled in April 1985 after a period of intense precipi-
tation. Both wells indicate a depletion of deuterium and oxygen-18 in recharge water
between January and April 1985. The lightest compositions of river water in Ohio often
occur in March or April due to light precipitation (Carol Kendall, U.S. Geological Sur-
vey, oral commun., 1988). Lighter recharge water may explain the lighter leachate
composition in April as compared with January.
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The most noticeable difference isotopically between leachate and ground water is the
shift of the leachate composition to the left of the local water line. In comparing the two
leachates, it appears that the more concentrated the leachate is, the greater the shift to the
left of the local water line. The shift indicated on figure 16 may be a composite of two
separate shifts, a 8 D shift off the water line to heavier values and also a & O-18 shift to
lighter values. The shift to heavier & D has been noted by Baedecker and coworkers and
is considered to be characteristic of landfill leachate. A shift to lighter & O-18, if present,
is possibly related to interactions between refuse and water, but these effects are not well
documented in the scientific literature pertaining to landfills.

Figure 16 shows two isotopically distinct bodies of ground water along the local
water line:

1. A reservoir of water in the dolomite aquifer, which is
presumed to be relatively old, is removed from direct
contact with recent precipitation, and is characterized
by light isotopic content of oxygen and hydrogen.

2. A reservoir of ground water in the glacial tills which
has been recharged relatively recently by precipitation
and is characterized by a heavy isotopic signature for
oxygen and hydrogen.

The concept of a leaky till reservoir of isotopically heavy water in the tills hydrauli-
cally above the dolomite aquifer may help explain some of the variability in isotopic
content observed for waters in wells completed in the dolomite aquifer. A simple mixing
of till waters with lighter waters from the dolomite aquifer would produce intermediate
waters with compositions along the local water line. By applying this mixing concept,
the group of waters from the dolomite aquifer that have the highest proportion of till
water are from wells 119, 111, 117, 115, 112, and 107.

Wells 117 and 119, although upgradient of the landfill, show a large component of
till water. The isotopic data support earlier conclusions regarding the construction of
these wells. It appears that wells 117 and 119 both have fairly good access to the lower
till-bedrock contact, which previous reports indicate may be a source of small domestic
supplies. As a consequence of this mixing, the chemistry of wells 117 and 119 is not
truly representative of the dolomite aquifer or the till, and shows characteristics of both.

Other wells in the dolomite aquifer having large proportions of till water are 107,
111, 112, and 115. These wells are directly downgradient of the northernmost landfill
cells. Geologic and water-level data presented earlier suggest that these wells have the
greatest potential for showing the effects of increased recharge or leakage from the
landfill. Water-quality data from these wells showed elevated levels of constituents that
are indicators of leachate-affected ground waters. The relatively heavy isotopic signature
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in water from these wells supports the idea that the dolomite aquifer receives more
recharge from overlying strata in the vicinity of the landfill than in other parts of the
study area.

The local water line provides a snapshot of isotopic compositions in the ground-
water systems of the study area and represents waters unaffected by leachate. Well 115
shows a shift off the line (fig. 15) in the direction of the leachates. Two interpretations
are possible based on existing data: (1) the shift is characteristic scatter (3-permil range
for 8 D, 0.5-permil range for 8 O-18) from natural variability in 8 D and 8 O-18, or (2)
the shift is preliminary evidence of a hydrologic process involving mixing of landfill
leachate with ground water beneath the landfill. In the second case, the process would
involve three-component mixing of till water, ground water from the dolomite aquifer,
and landfill leachate. The isotopic ratios are not shifted to the left of the local water line
a significant amount in three of the four wells having other chemical irregularities that
indicate leachate is present. The shift to heavier values of 8 D (deuterium enrichment) is
considered a preliminary indicator of the presence of landfill leachate in well 115, but
more detailed study of seasonal variations in isotopic composition is required to resolve
this question of leachate in the dolomite aquifer.

Of the constituents mentioned previously as leachate indicators, boron, because of its
conservative chemical characteristics, is a particularly reliable indicator of leachate-
affected ground water. Ground waters in four wells (107, 111, 112, and 115) in the
dolomite aquifer all have boron concentrations above the level of 415 pug/L, which is
considered the background level of this study. Water from well 115 also plots to the left
of the local isotopic mixing line. These observations are consistent in suggesting a
leachate component exists in the dolomite aquifer.

Isotopic and chemical-quality data indicate that the water quality of the till is dis-
tinctly different from that of the dolomite aquifer. In addition, water-quality data indicate
major chemical differences between well 113, which is finished in the upper/lower till,
and well 123, which is finished in the lower till. Because of these differences, plus the
limited amount of water-quality information available on the till, it is not possible to
determine if water quality in the till has been affected by the landfill. However, the prox-
imity of the landfill base to the fractures and sand zones near the upper till/lower till
contact may allow preferential downward flow to the dolomite aquifer as opposed to
lateral flow into the tills.

Surface Water

Samples were collected from three stream sites (fig. 17) during April 1984 and July
1985. Dry Creek at East Broadway just south of Walbridge Road was selected as a
control site away from the influence of the landfill. Two sites were chosen on Otter
Creek, at Whitmore Yard upstream of the landfill and at Wales Road downstream of the
landfill. Results of water-quality analyses are presented in table 10 (at back of report).
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Dry Creek is a perennial stream with a streambed composed of gravel, cobbles, and
clay. Otter Creek, in this part of its reach, is an intermittent stream and has no flow
during periods of sustained dry weather. The composition of the streambeds at both sites
on Otter Creek is primarily clay. Observations made while sampling show both Dry
Creek and Otter Creek at Whitmore Yard support aquatic plants and animals; no such
aquatic life was observed at the Wales Road site.

During April 1984, when flow at all sites was estimated at 1.0 ft%/s (cubic feet per
second) or less, water quality in Dry Creek and Otter Creek at Whitmore Yard was com-
parable. Concentrations of most constituents were slightly higher at the Whitmore Yard
site, except for nitrogen, sodium, and chloride, which were elevated in Dry Creek. Otter
Creek at Wales Road, downgradient of the landfill, had consistently higher values of
most constituents.

Streambed sediments were sampled and analyzed for trace metals and organic
compounds. Sediment from the Wales Road site contained the highest concentrations of
arsenic and chromium, whereas sediment in Dry Creek contained the highest amount of
mercury. All toxic metals detected were at trace levels, that is, less than 10 pg/g (micro-
grams per gram of bed material).

Organic compounds detected in sediment from the Whitmore Yard site on Otter
Creek were: benzo-b-fluoranthene, 180 pug/kg (micrograms per kilogram of bed mate-
rial); benzo-a-anthracene, 170 pg/kg; fluoranthene, 68 pg/kg; and pyrene, 90 pg/kg.
Fluoranthene (100 pg/kg) and pyrene (70 pg/kg), as well as phenanthrene (110 pg/kg),
were detected in sediments at the Otter Creek site at Wales Road. None of these com-
pounds were detected in sediments from Dry Creek. These compounds are polynuclear
aromatic hydrocarbons (PAHs), which are ubiquitous in the environment and result from
the burning of fossil-based fuels.

Phenol ranging in concentrations from 1 to 7 pg/L was present in the streams. Itis
possible that the presence of phenol and PAHs is related to the railway transportation
facilities, which since have been removed.

Chemical-quality analyses from the streams during low-flow conditions in July 1985
show that water from Dry Creek contained higher levels of most constituents than did
water from the Otter Creek sites. As in the 1984 analyses, Otter Creek at Wales Road
showed higher levels of most constituents than did the Whitmore Yard site. Although
concentrations of individual constituents increased during low flow in Dry Creek, most
constituents at both Otter Creek sites decreased. This suggests that water quality in Otter
Creek is more influenced by runoff than by interactions of stream water with streambed
materials or ground water.

To determine if compounds in water that runs off the landfill surface were entering
Otter Creek, a series of water-quality samples were collected at the Wales Road site
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during a storm on March 28, 1985. In addition to the landfill, which is the closest drain-
age area that could contribute to runoff, a waste-hauling business is located just northwest
of well 107 and also may affect stream quality. Heavy overland flow was observed
entering Otter Creek during the storm, and the stage increased rapidly during the first
hour (fig. 18). Values of specific conductance increased from 480 to 520 puS/cm during
the first 40 minutes, reached a peak of 555 uS/cm 160 minutes after the storm began, and
then declined.

Most chemical constituents reached their peak concentration 40 minutes after the
storm, then declined as the stage in the stream rose further. The first sample was ob-
tained after the stream had risen 0.6 ft in approximately 15 minutes; therefore, the con-
centrations are more indicative of an initial “flush” than of ambient conditions. After an
initial “flush” of constituents into a stream, the water chemistry typically becomes more
dilute because relatively unmineralized precipitation enters the channel directly and as
runoff from adjacent areas. An increase after the initial flush and subsequent dilution
may indicate a second source. The change of sodium and chloride concentrations seems
to support this conclusion. Because of road salting in winter periods, levels of sodium
and chloride generally are higher in streams. The probable reaction to a runoff event
would be an increase in these levels during the initial flushing and then a decrease as
dilution occurs. Sodium, chloride, silica, and fluoride concentrations indicate this effect
and show a further increase, perhaps indicating an additional source.

Constituent concentration
on March 28, 1985 Sample 1 Sample 2 Sample 3

Sodium (mg/L) 33 15 20
Chloride (mg/L) 34 26 38
Silica (mg/L) 8.8 2.5 2.8
Fluoride (mg/L) 3 2 4
Specific conductance (uS/cm) 480 520 550
Calcium (mg/L) 46 53 52
Magnesium (mg/L) 15 17 15
Sulfate (mg/L) 120 130 120
Iron (m/L) 13 15 14
Alkalinity (mg/L as CaCO,) 77 81 80
Hardness (mg/L as CaCO,) 180 200 190
Potassium (mg/L) 2.7 32 33

Calcium, magnesium, sulfate, iron, alkalinity, and hardness remained relatively
stable during the event. The only constituent that steadily increased during the storm was
potassium, which increased from 2.7 to 3.3 mg/L.. Potassium is normally a very conser-
vative constituent and is not subject to great variation. The increasing concentrations are
likely due to leaching of potassium from dead vegetation adjacent to the stream channel.
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Potassium ions assimilated by plants become available for resolution when the plants
mature and die (Hem, 1985). As part of the natural cycle, potassium is leached into the
soil by rains during the dormant season, and some contribution to runoff would be ex-
pected.

The contribution of dissolved solids to Otter Creek during extreme runoff conditions
is not very large, although results are not conclusive because of the limitations of one set
of storm samples. In terms of concentration, the largest increase was 10 mg/L for sulfate.
From the minimal increases seen in constituents during the storm, it does not appear that
there is a significant decline in water quality of Otter Creek at high flow from sources
upstream from Wales Road.

SUMMARY AND CONCLUSIONS

Hydrogeology and water quality near a landfill in northwestern Ohio were evaluated.
The landfill, located near Northwood, Ohio, in Wood County, is used for disposal of solid
and hazardous waste. Land use in the area is a mixture of heavy industry, transportation,
housing, and agriculture.

A thick sequence of clays and tills of Wisconsinan age covers dolomites of Silurian
age throughout the entire study area. The landfill cells are excavated into the upper till
and extend to within 10 ft of the upper-till/lower-till contact, which is characterized by
sand and gravel zones, mottling, and increased water content. Saturated seams of sand
and gravel are found throughout both tills but are more prevalent in the lower till. There
are no data to suggest the zones of sand or gravel are continuous; however, their preva-
lence and relatively higher permeability than the surrounding clay till may allow the
zones to act as pathways for recharge to the underlying dolomite aquifer.

The primary aquifers are the Greenfield Dolomite and underlying Lockport Dolo-
mite of Silurian age, which produce water by means of secondary openings such as
fractures, solution channels, and voids. The dolomite aquifer is separated from the
overlying tills by a thin veneer of glacial outwash, which locally produces small amounts
of water.

Water-level measurements in wells completed in the northernmost landfill cells
indicate that the refuse is saturated to near land surface. Water-level data indicate that
parts of both the upper and lower tills are saturated. Vertical head relations between the
landfill, upper till, lower till, and carbonate aquifer indicate that water is flowing down-
ward from the landfill to the dolomite aquifer.

Potentiometric maps of the dolomite aquifer show a ground-water mound centered
under the landfill and elongated in the direction of regional ground-water flow. Ground-
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water levels adjacent to the landfill near the center of the mound fluctuate as much as

14 ft per year, in contrast to fluctuations of less than 3 ft per year in upgradient wells.
These factors may indicate that the landfill is a source of recharge to the underlying dolo-
mite aquifer.

The chemical composition of ground water differs considerably throughout the study
area. Native ground water is very hard, with a median pH of 7.55. The water type ranges
from calcium-magnesium sulfate to calcium-magnesium-sodium sulfate. The composi-
tion of native ground water in the dolomite aquifer is controlled by chemical interaction
between ground water and minerals occurring naturally in the aquifer. The effects of
cement/grout contamination produced a distinctive water chemistry in selected monitor-
ing wells characterized most notably by pH values of 8.9 or greater.

The chemistry of waters from wells completed in the calcareous glacial till was
consistent with carbonate-mineral saturation. However, low levels of fluoride and stron-
tium in till waters create conditions of undersaturation for fluorite, celestite, and stron-
tianite that differ markedly from dolomite waters. Sulfate concentrations in till waters are
nearly double the concentrations in water from the dolomite aquifer. Two possible
sources for the elevated concentrations of sulfate in till waters are: (1) dissolution of
gypsum in the till, and (2) oxidation of sulfide minerals or hydrogen sulfide gas by
oxygen dissolved in water recharging the till.

All ground waters in the study area exceed the OEPA drinking-water standards for
total dissolved solids. Elevated concentrations of boron, iron, ammonia, total dissolved
solids, and hardness were detected in leachate and in several wells downgradient of the
landfill. These constituents are considered to be the most reliable indicators of ground-
water contamination by landfill leachate. Downgradient wells 107, 111, 112, and 115
contained concentrations of boron ranging from 650 to 830 mg/L, as compared with a
median concentration of 415 pg/L for all wells in the dolomite aquifer. Wells 107 and
111 exceed the OEPA water-quality standard for phenolic compounds. Well 112 exceeds
OEPA standards for iron and manganese.

Analysis of stable-isotope data shows that waters from wells 107, 111, 112, and 115
have heavy isotopic signatures of hydrogen and oxygen. This indicates that they have
recently received recharge from overlying strata. Wells completed in the dolomite
aquifer directly downgradient of the landfill show the highest proportion of water from
the till.

Infiltration of water into the landfill and subsequent chemical reactions in the refuse
produces a leachate having an anomalous isotopic content. Well 115 shows a shift off the
local mixing line in the direction of the leachate composition. The shift to heavier values
of & D may be an indication of the presence of leachate in this well.
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A comparison of observations and stream-water quality at three sites indicates the
absence of aquatic life in Otter Creek near Wales Road and increased levels of most
constituents downstream from the landfill. The concentration of arsenic, chromium, iron,
and manganese in streambed sediments also is higher downstream from the landfill.
Analysis of water-quality samples taken during a period of high overland runoff suggests
that surface runoff from the landfill does not significantly affect instream water quality.

Analysis of hydrogeologic, isotopic, and chemical-quality data suggests that the
landfill is affecting ground-water flow and quality in the dolomite aquifer. Water-quality
changes downgradient from the landfill are limited to increased levels of common ions,
trace metals, and selected organic compounds. Additional or greater changes, if present,
may not have been detected because of well placement or the nature of ground-water
flow characteristics in the lower till and dolomite aquifer.
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WATER-QUALITY DATA
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Table 2.—Water-quality analyses of ground water near Northwood, Ohlo

[pS/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; pg/L, micro-
grams per liter. A dash indicates "data not obtained" or “not applicable.™ ND indicates con-
stituent not detected. (T), till wells; (M), methane-venting wells.]

Baro- Oxygen
Spe- metric demand, Hard-
cific pH Temper- Temper- pres- Oxygen, chem- ness
Local Date of con- {stan- ature, ature, sure dis- ical (mg/L
number sample duc- dard air, water (mm solved ¢thigh as
tance units) (deg. C) (deg. C) of {mg/L) level) Caco3)
(pS/cm) Hg) (mg/L)
wWo-101 04-10-84 1,010 7.4 13.0 11.0 - <0.1 - 410
WO-102 04-11-84 984 7.4 15.0 11.5 - <.1 - 400
07-10-85 985 7.6 20.0 12.5 743 .7 12 420
WO-104 07-10-85 950 7.7 20.0 12.5 743 <.1 <10 440
WO-105 04-04-85 860 7.9 12.0 11.5 740 2.8 10 370
WO-106 04-04-85 950 8.9 10.0 11.0 740 2.4 14 340
Wo-107 04-05-84 971 7.8 10.0 11.0 - 1.7 - 350
08-01-84 912 7.4 35.0 12.5 - 1.2 - 310
04~-03-85 1,190 7.5 10.0 12.0 735 1.2 34 550
07-10-85 1,130 7.6 25.0 12.0 743 1.5 11 430
WO-108 08-01-84 1,260 7.4 35.0 12.0 - 3.9 - 440
WO-110 04-05-84 1,040 11.5 10.0 11.0 - 1.9 - 260
08-02-84 667 9.4 25.0 12.0 - 2.4 - 220
04-04-85 825 9.1 8.0 10.5 740 3.6 14 330
WO-111 04-03-85 1,400 7.9 12.0 11.0 740 <.1 10 580
07-11-85 1,500 7.9 - 11.5 749 2.2 15 580
wo-112 04~-05-84 1,560 6.7 10.0 11.0 - <.1 - 730
08-01-84 1,360 6.6 24.0 11.5 -— <.1 - 580
04-03-85 1,320 6.8 10.0 11.0 735 <.1 18 620
07-11-85 1,440 6.8 25.0 11.5 743 <.1 15 700
WO-113(T) 04-04-85 1,620 7.3 10.0 6.5 740 10.4 42 1,100
07-11-85 1,800 7.1 27.0 16.5 743 .8 48 1,100
wo-114 04-04-85 925 7.8 8.0 11.0 740 1.0 19 440
WO-115 04-04-84 979 7.7 11.0 11.0 - <.1 - 230
03-28-85 950 7.9 15.0 12.0 745 <.1 17 270
07-09-85 940 8.1 32.0 16.0 - .6 <10 280
WO-117 04-02-85 975 7.5 8.0 11.0 745 <.1 <10 490
wWo-118 04-11-84 1,530 7.0 16.0 11.0 - <.1 - 710
04-02-85 1,230 7.4 10.0 11.0 745 <.1 14 620
WO-119 04-10-84 1,100 7.0 12.0 11.0 - <.1 - 560
08-02-84 1,060 7.0 25.0 12.0 - <.1 - 510
04-02-85 1,050 7.4 8.0 11.0 745 .4 15 610
07-10-85 1,080 7.4 25.0 13.0 743 .2 <10 570
Wo-120 03-27-85 975 7.7 11.0 11.0 740 .8 14 440
WO-123(T) 04-04-85 1,850 7.7 14.0 - 740 - 54 580
07-11-85 1,980 7.7 22.0 15.0 - - 89 600
WO-152 (M) 01-29-85 4,950 6.8 -4.0 12.0 750 - - -
04-03-85 5,850 6.7 15.0 19.0 735 2.6 390 2,500
WO-154 (M) 01-29-85 28,000 5.8 -4.0 17.0 750 - - --
04-03-85 27,800 5.8 12.0 18.0 735 .8 41,000 12,000
Ohio EPA drinking
water standards - 7.0-10.5 - - - - - -
Laboratory
detection 1limit - - - - - .1 10 -



Table 2.-Water-quality analyses of ground water near Northwood, Ohio—Continued

Hard~ Magne- Potas- Alka- Carbon
ness, Calcium, sium, Sodium, sium, linity dioxide, sulfide,
Local Date of noncar-— dis- dis- dis- dis- field dis- total
number sample bonate solved solved solved solved (mg/L solved (mg/L
(mg/L as (mg/L) (mg/L (mg/L (mg/L as (mg/L as S)
CaCO3) as Ca) as Mg) as Na) as K) CaCO3) as COjp)
WO-101 04-10-84 290 99 39 56 2.1 119 9.2 ND
WO-102 04-11-84 290 89 37 57 2.2 108 8.3 ND
07-10-85 320 96 39 61 2.4 105 5.1 .6
WO-104 07-10-85 340 98 41 59 2.1 89 3.4 <.5
WO-105 04-04-85 260 83 33 64 2.0 99 2.4 ND
WO-106 04-04-85 250 80 29 89 2.6 85 .2 ND
WO-107 04-05-84 240 76 33 68 1.9 109 3.3 <.5
08-01-84 200 71 32 - -— 108 8.3 -
04-03-85 370 140 44 81 3.1 181 11 ND
07-10-85 270 98 38 81 2.5 157 7.6 ND
Wo-108 08-01-84 250 110 40 - - 192 15 -
WO-110 04-05-84 35 100 2.0 27 3.6 223 .0 .5
08-02-84 190 67 13 - - 30 .0 ND
04-04-85 290 83 25 58 3.4 38 .0 ND
WOo-111 04-03-85 500 140 52 130 2.5 79 1.9 ND
07-11-85 510 140 53 130 2.6 72 1.7 ND
WO-112 04-05-84 230 170 68 69 2.8 492 190 <.5
08-01-84 170 140 56 - - 413 201 -
04-03-85 300 150 55 89 2.8 324 99 ND
07-11-85 290 170 63 79 2.9 410 126 <.5
WO-113(T) 04-04-85 800 300 76 14 4.2 266 26 ND
07-11-85 760 310 79 34 4.5 340 52 .8
Wo-114 04-04-85 350 100 41 46 2.1 96 2.9 ND
WO-115 04-04-84 130 56 23 100 2.6 107 4,1 <.5
03-28-85 160 58 24 110 2.4 106 2.6 ND
07-09-85 170 61 25 110 2.9 106 1.6 .5
WO-117 04-02-85 360 110 47 44 2.4 128 7.8 ND
WO-118 04-11-84 550 150 82 59 2.3 168 33 ND
04-02-85 480 130 63 58 2.4 133 10 ND
WO-119 04-10-84 370 120 57 29 2.4 187 36 ND
08-02-84 330 110 S6 - - 175 34 <.5
04-02-85 440 130 64 32 2.6 174 13 ND
07-10-85 380 120 60 30 2.6 186 14 <.5
WO-120 03-27-85 320 97 43 48 3.4 114 4.4 ND
WO-123 (T) 04-04-85 330 130 59 220 7.8 188 7.2 ND
07-11-85 460 140 59 250 7.4 140 5.4 <.5
WO-152 (M) 01-29-85 - - - - - 1,630 500 -
04-03-85 650 460 310 400 44 1,800 695 1.7
WO-154 (M) 01-29-85 - - - - - 7,190 22,100 -
04-03-85 6,100 3,100 1,100 3,300 1,500 6,200 19,000 130
Ohio EPA drinking
water standards - - - -— -- - - -
Laboratory
detection limit - - - - - - - .5



Table 2.—Water-quality analyses of ground water near Northwood, Ohio—Continued

Solids, Solids, Nitro-
Sulfate, Chlo- Fluo- Silica, residue sum of Nitrogen, gen,
dis- ride, ride, dis— at 180 constit- nitrite, NO,+NO3
Local Date of solved dis- dis- solved deg. C uents, dis- dis-
number sample (mg/L solved solved (mg/L dis- dis- solved solved
as SO4) (mg/L (mg/L as solved solved (mg/L (mg/L
as Cl) as F) 5103) (mg/L) (mg/L) as N) as N)
WO-101 04-10-84 430 7.9 1.7 8.1 - 720 .01 <0.10
WO-102 04-11-84 440 17 .3 B.2 - 740 <.01 <.10
07-10-85 400 18 2.0 8.6 743 710 <.01 <,10
WO-104 07-10-85 450 10 1.9 7.4 767 740 <.01 <.10
WO-105 04-04-85 360 14 2,1 7.4 656 650 <.01 <.10
WO-106 04-04-85 400 3.9 1.9 8.7 702 690 <.01 <.10
WO-107 04-05-84 390 10 .2 6.7 - 670 <,01 <.10
08-01-84 400 - —_— - 716 - - -
04-03-85 480 13 1.4 10 940 900 <.01 .16
07-10-85 420 12 1.9 9.0 806 780 <.01 <.10
WO-108 08-01-84 500 - - - 912 - — -
WO~-110 04-05-84 200 26 .2 3.8 - 500 <.01 <.10
08-02-84 340 - - e 546 —_ - -
04-04-85 390 9.9 1.4 4.8 632 610 <,01 <.10
WO-111 04-03~85 710 10 1.4 2.9 1,230 1,100 <.01 <.10
07-11-85 740 9.2 1.4 9.2 1,250 1,100 <.01 <.10
WO-112 04-05-84 450 17 .8 20 - 1,100 <.01 <.10
08-01-84 330 - - - 1,130 —_— - -
04-03~85 440 13 1.1 18 1,010 980 <.01 <.10
07-11~-85 430 13 1.0 20 1,110 1,000 <.01 <.10
WO-113(T) 04-04-85 740 26 .2 9.9 1,420 1,300 <.01 <.10
07-11~-85 840 35 .3 16 1,550 1,500 <.01 <.10
WO-114 04-04~85 390 15 2.0 8.0 695 690 <.05 <.10
WO-115 04~04~-84 420 8.6 .2 7.5 - 680 <.01 <.10
03-28-85 380 8.7 1.9 7.7 653 680 .05 <.10
07-09-85 380 8.1 1.3 8.3 702 680 <.01 <.10
WO-117 04-02-85 410 6.3 1.5 9.0 745 730 <.01 <.10
WO-118 04-11-84 750 9.2 1.7 8.5 -— 1,200 <,01 <.10
04-02-85 570 3.6 1.8 8.3 961 950 <.01 <.10
WO-119 04-10-84 480 3.3 1.6 11 - 840 <.01 <.10
08-02-84 460 - — - 892 - - -
04-02-85 440 4.4 1.6 12 B46 810 <.01 <.10
07-10-85 430 4.3 1.6 11 834 790 <.01 <.10
WO-120 03-27-85 380 11 1.8 7.4 709 680 .04 <.10
WO~-123 (T) 04-04-85 910 23 .6 10 1,550 1,500 .01 .97
07-11-85 890 19 .6 10 1,590 1,500 <.01 <.10
WO-152 (M) 01-29-85 - - - - - - - -~
04~-03~-85 17 1,100 .2 28 3,170 3,500 <.01 <.10
WO-154 (M) 01-29-85 == == - - - - - -
04~03-85 s - .4 22 26,300 - .01 .36
Ohio EPA drinking
water standards 250 250 - - 500 500 10 -
Laboratory
detection limit - - - - - - .01 .1
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Table 2.—Water-quality analyses of ground water near Northwood, Ohio—Continued

Nitrogen, Nitrogen,

Nitrogen, Nitrogen, organic, ammonia Alumi- Arsenic, Boron, Cad-
ammonia, armmonia, dis- + organic num, dis- dis- mium
Local Date of dis~- dis- solved dis- dis- solved solved dis-
number sample solved solved (mg/L solved solved (ng/L (ng/L  solved
(mg/L (mg/L as N, (mg/L (pg/L as As) as B) (pg/L
as N} as NHy) calc.) as N) as Al) as Cd)
WOo-101 04~10-84 .38 .49 .72 1.1 <100 - - -
WO-102 04-11-84 .33 .43 2.8 3.1 10 1 - 1
07-10-85 .34 .44 .16 .50 - -— - -
WO-104 07-10-85 .38 .49 .02 .40 - - - -
WO-105 04-04-85 .47 .61 .53 1.0 <10 <1 380 <1
WO-106 04-04-85 .49 .63 .31 .80 10 <1 480 <1
WO-107 04-05-84 .40 .52 .50 .90 30 1 - <1
08-01-84 - -— - - - - - -
04-03-85 .50 .64 .40 .90 10 <1 650 16
07-10-85 .44 .57 .16 .60 - - - -
WO-108 08-01-84 - - - - - - - -—
Wo-110 04-05-84 .28 .36 .02 .30 300 - - -
08-02-84 - -~ —_ - - - —_ -
04-04-85 .31 .40 .39 .70 <10 <1 240 <1
WO-111 04-03-85 .44 .57 .26 .70 20 <1 830 <1
07-11-85 .40 .52 .10 .50 - - - -
WO-112 04-05-84 .63 .81 .17 .80 30 1 - <1
08-01-84 - - - - - - - -
04-03-85 .47 .61 .33 .80 10 <1 790 <1
07-11-85 .51 .66 .19 .70 - - - -
WO-113(T) 04-04-85 .13 .17 .57 .70 20 <1 120 <1
07-11-85 .19 .24 .51 .70 -— - - -
wWo-114 04-04-85 .38 .49 .42 .80 20 <1 250 <1
WO-115 04-04-84 .40 .52 .00 .40 300 - - -
03-28-85 .30 .39 .30 .60 40 1 720 2
07-09-85 .49 .63 .11 .60 - - - -
WO-117 04-02-85 .41 .53 .39 .80 10 <1 310 <1
WOo-118 04-11-84 .42 .54 .08 .50 100 - - -
04-02-85 .39 .50 .61 1.0 10 <1 430 <1
WO-119 04-10-84 .45 .58 5.8 6.2 <10 1 - <1
08-02-84 - ~ - - - - - -
04-02-85 .46 .59 .14 .60 20 <1 400 1
07-10-85 .45 .58 .15 .60 - - - -
W0-120 03-27-85 .30 .39 .30 .60 30 1 310 <1
WO-123(T) 04-04-85 .30 .39 .60 .90 80 1 400 <1
07-11-85 .63 .81 .37 1.0 - - -— -
WO-152 (M) 01-29-85 - — et - - - - -
04-03-85 33.0 43 27 58.0 50 3 1,900 5
WO-154 (M) 01-29-85 - -— - - - - - -
04-03-85 720 930 230 950 1,500 2 480,000 5
Ohio EPA drinking
water standards - -— - - - 50 - 10
Laboratory
detection limit .10 .10 - .10 10 1 - 1

67



Table 2.—~Water-quality analyses of ground water near Northwood, Ohio-Continued

Chro- Manga- Sele- Stron-
mium, Iron, Lead, Lithium, nese, nium, tium, Carbon,
Local Date of dis- dis- dis- dis- dis- dis- dis- organic
number sample solved solved solved solved solved solved solved total
{ug/L {ug/L (ug/L (ug/L {ug/L (ug/L {ug/L (mg/L
as Cr) as Fe) as Pb} as Li) as Mn) as Se) as Sr) as C}
WO-101 04-10-84 - 42 - - 53 - - 1.7
WO-102 04-11-84 10 23 6 - 1 <1 20,000 1.7
07-10-85 - 17 - — <1 - 20,000 .B
WO-104 07-10-85 - 11 - - 3 - 19,000 .7
WO-105 04-04-85 <10 71 <1 27 5 <1 20,000 1.1
WO-106 04-04-85 10 10 <1 30 - <1 20,000 1.0
WO-107 04-05-84 10 110 1 - 9 <1 20,000 1.3
08-01-84 - 80 -- - 7 - - 1.0
04-03-85 <10 190 3 36 16 <1 21,000 1.0
07-10-85 - 230 -— - 11 - 22,000 .8
WO-108 08-01-84 -— 64 -— - 54 -— - 1.3
Wo-110 04-05-84 - 12 - - <1 -— - 2.4
08-02-84 - <3 - - <1 - - 1.5
04-04-85 <10 12 <1 29 4 <1 15,000 .9
WC-111 04-03-85 <10 120 <1 27 13 <1 14,000 1.1
07-11-85 - 76 i - 11 - 14,000 1.1
WO-112 04-05-84 10 2,300 1 - 550 <1 18,000 8.7
08-01-84 - 2,100 - - 320 - -— 3.5
04-03-85 <10 1,500 <1 32 260 <1 18,000 2.0
07-11-85 - 2,400 - - 330 - 18,000 2.7
WO-113 (T) 04-04-85 <10 15 <1 28 45 <1 650 12
07-11-85 - 1,400 - - 260 - 2,200 14
WO-114 04-04-85 <10 51 <1 30 5 <1 23,000 1.1
WC-115 04-04-84 - 25 - - 2 - - 1.9
03-28-85 10 91 <1 16 - <1 19,000 1.7
07-09-85 - 8 - - 2 - 19,000 1.0
WO-117 04-02-85 <10 170 <1 32 4 <1 23,000 1.3
WO-118 04-11-84 - 150 -- - 5 -= - 1.7
04-02-85 <10 110 <1 34 4 <1 28,000 .9
WO-119 04-10-84 10 64 5 - 1 <1 20,000 2.7
08-02-84 - 68 - - 2 - -= 1.6
04-02-85 <10 71 <1 44 5 <1 21,000 .8
07-10-85 - 90 - - 2 - 20,000 .B
Wo-120 03-27-85 10 460 <1 21 —_— <1 18,000 1.9
WO-123(T) 04-04-85 <10 150 <1 70 250 1 8,800 7.1
07-11-85 -= 60 - -= 390 - 8,600 9.8
WO-152 (M) 01-29-85 - - - bl - - - -
04-03-85 10 13,000 5 60 560 <1 25,000 120
WO-154 (M) 01-29-85 - -~ - - - - - -
04-03-85 150 82,000 65 1,900 290 <1 38, 000 >790
Ohio EPA drinking
water standards 50 300 50 - 50 - - -
Laboratory
detection limit 10 3 1 - 1 1 - .1
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Table 2.—Water-quality analyses of ground water near Northwood, Ohio—Continued

0il and
Methy- grease,
Cyanide, lene total 8D 8 o-18
Local Date of total Phenols, blue, recov- stable stable
number sample (mg/L total active erable isotope isotope
as Cn) (pg/L) sub- gravi- ratio ratio
stance metric (permil) (permil)
(mg/L}) (mg/ L)
Wo-101 04-10-84 - <i - - -~ -
WO-102 04-11-84 <.01 <1 - - - -
07-10-85 <.01 <i .01 1 - -
WC-104 07-10-85 <.01 5 .02 <1 - -
WO-105 04-04-85 - - .04 - -77.5 -11.4
Wo-106 04-04-85 - - .04 - -68.0 -10.0
wWo-107 04-05-84 <.01 <1 - - - -
08-01-84 - - - 2 - -
04-03-85 - - .05 - -62.5 -9.5
07-10-85 <.01 4 .02 <1 - -—
WOo-108 08-01-84 - - - <1 - -
WO-110 04~-05-84 - <1 - - - -
08-02-84 - - - 2 - -
04-04-85 - - .05 - -67.0 -10.0
wo-111 04-03-85 - - .02 - -55.0 -8.6
07-11-85 <.01 4 .01 <1 - -
WO-112 04-05-84 <.01 <1 - - - -
08-01-84 - - - 2 - -—
04-03-85 - - .03 - -59.0 -9.0
07-11-85 <.01 <1 .03 <1 - -
WO-113(T) 04-04-85 - - .16 - -49.0 -7.6
07-11-85 <.01 5 .12 2 - -
WO-114 04-04-85 - - .02 - -84.5 -12.2
WO-115 04-04-84 - <1 - - - —
03-28-85 - - .01 - -57.0 -9.0
07-09-85 <.01 1 .07 <1 - -
WO-117 04-02-85 - - .02 - -56.0 -8.4
Wo-118 04-11-84 - <1 - - - -
04-02-85 - - .04 - -77.5 -11.3
WO-119 04-10-84 <.01 <1 - - - -
08-02-84 - - - 1 - -
04-02-85 - -— .04 - -54.,5 -8.4
07-10-85 <.01 <1 .02 <1 - -
WC-120 03-27-85 - - .02 - -72.5 -10.5
WO-123 (T) 04-04-85 - - .06 -— -50.0 -7.8
07-11-85 <.01 2 .19 3 - -~
WO-152 (M} 01-29-85 - - - - -49.5 -8.3
04-03-85 - - .45 - -52.0 -8.6
WO-154 (M) 01-29-85 - - - - -40.0 -9.4
04-03-85 e - 2.6 - -43.0 -9.6
ohio EPA drinking
water standards .01 1 .5 - - -
Laboratory
detection limit .01 1 .01 1 -— -
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