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CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain
inch(in.) 254 millimeter
foot(ft) 0.3048 meter
mile (mi) 1.609 kilometer
square foot (ft) 0.09290 square meter
square mile (mi”) 2.590 square kilometer
acre 0.4047 square hectometer (hectare)
pound (Ib) 0.4536 kilogram
pound (1b) 2.205 metric ton
ton 0.9072 metric ton
acre foot (acre-ft) 1,233 cubic meter
cubic foot per second (ft3/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 3.785 liter per minute
million gallons per day (Mgal/d) 3,785 cubic meter per day
mile per hour (mi/hr) 0.4470 meter per second

Temperature is given in degrees Fahrenheit (°F), which can be converted to degrees Celsius (°C) by use of the following equation:

°C =(°F-32)/1.8

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

Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given in metric units. Chemical
conceniration is given in milligrams per liter (mg/L) or micrograms per liter (ug/L). Milligrams and micrograms per liter are units express-
ing the concentration of chemical constituents in solution as weight (milligrams or micrograms) of solute per unit volume (liter) of water.
One-thousandth gram per liter is equivalent to one milligram per liter. One-millionth gram per liter is equivalent to one microgram per liter.
For concentrations less than 7,000 mg/L., the numerical value is approximately the same as for concentrations in parts per million.
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National Water-Quality Assessment of the Lake Erie-
Lake St. Clair Basin, Michigan, Indiana, Ohio,
Pennsylvania, and New York—Environmental and

Hydrologic Setting

By George D. Casey, Donna N. Myers, Dennis P. FInnegan, and Michael E. Wieczorek

ABSTRACT

The Lake Erie-Lake St. Clair Basin covers
approximately 22,300 mi? ( square miles) in parts of
Indiana, Michigan, Ohio, Pennsylvania, and New York.
Situated in two major physiographic provinces, the
Appalachian Plateaus and the Central Lowland, the
basin includes varied topographic and geomorphic fea-
tures that affect the hydrology. As of 1990, the basin
was inhabited by approximately 10.4 million people.

Lake effect has a large influence on the tempera-
ture and precipitation of the basin, especially along the
leeward southeast shore of Lake Erie. Mean annual pre-
cipitation generally increases from west to east, rang-
ing from 31.8 inches at Detroit, Mich., to 43.8 inches at
Erie, Pa.

The rocks that underlie the Lake Erie-Lake St.
Clair Basin range in age from Cambrian through Penn-
sylvanian, but only Silurian through Pennsylvanian
rocks are part of the shallow ground-water flow system.
The position of the basin on the edge of the Michigan
and Appalachian Basins is responsible for the large
range in geologic time of the exposed rocks. Rock
types range from shales, siltstones, and mudstones to
coarse-grained sandstones and conglomerates. Carbon-
ate rocks consisting of limestones, dolomites, and cal-
careous shales also underlie the basin. All the basin is
overlain by Pleistocene deposits—till, fine-grained
stratified sediments, and coarse-grained stratified sedi-
ments—most of Wisconsinan age. A system of buried
river valleys filled with various lacustrine, alluvial, and
coarse glacial deposits is present in the basin.

The soils of the Lake Erie-Lake St. Clair Basin
consist of two dominant soil orders: Alfisols and Incep-
tisols. Four other soil orders in the basin (Mollisols,
Histisols, Entisols, and Spodosols) are of minor signif-
icance, making up less than 8 percent of the total area.

The estimated water use for the Lake Erie-Lake
St. Clair Basin for 1990 was 10,649 Mgal/d (million
gallons per day). Power generation accounted for about
77 percent of total water withdrawals for the basin,
whereas agriculture accounted for the least water-use
withdrawals, at an estimated 38 Mgal/d. About 98 per-
cent of the total water used in the basin was drawn from
surface water; the remaining 2 percent was from
ground water.

Agricultural and urban land are the predominant
land covers in the basin. Agriculture makes up approx-
imately 74.7 percent of the total basin area; urban land
use accounts for 11.2 percent; forested areas constitute
10.5 percent; and water, wetlands, rangeland, and bar-
ren land constitute less than 4.0 percent.

The eight principal streams in the basin are the
Clinton, Huron, and Raisin Rivers in Michigan, the
Maumee, Sandusky, Cuyahoga, and Grand Rivers in
Ohio, and Cattaraugus Creek in New York. The
Maumee River, the largest stream in the basin, drains
6,609 mi> and discharges just under 24 percent of the
streamflow from the basin into Lake Erie. Combined,
the eight principal streams discharge approximately 54
percent of the surface water from the basin to the Lake
Erie system per year. Average runoff increases from
west to east in the basin.

The glacial and recent deposits comprise the
unconsolidated aquifers and confining units within the
basin. Yields of wells completed in tills range from O to
20 gal/min (gallon per minute), but yields generally are
near the lower part of this range. Fine-grained stratified
deposits can be expected to yield from 0 to 3 gal/min,
and coarse-grained stratified deposits can yield 0.3 to
2,050 gal/min. Pennsylvanian sandstones can yield
more than 25 gal/min, but they generally yield 10 to 25
gal/min. Mississippian sandstones in the basin gener-
ally yield 2 to 100 gal/min. The Mississippian and
Devonian shales are considered to be confining units;
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in places, they produce small quantities of water from
fractures at or near the bedrock surface. Wells com-
pleted in the Devonian and Silurian carbonates yield 25
to 500 gal/min, but higher yields have been reported in
several zones.

Most streamwater in the Lake Erie-Lake St. Clair
Basin is moderately hard to very hard as a result of con-
tact with carbonate-containing materials. The softest
water is found in small streams in far northeastern Ohio
and in western New York. The hardest water is found in
streams in southeastern Michigan and certain streams
in western New York, near Buffalo.

The amounts of nitrogen and phosphorus fertiliz-
ers, herbicides and insecticides, and sediment dis-
charged to Lake Erie from its basin are higher than the
amounts discharged from any other basin of the Great
Lakes. Although trends in phosphorus concentrations
over the combined period 1975-90 for the Raisin,
Maumee, Sandusky, Cuyahoga, and Grand Rivers have
been downward, trends in nitrate-N concentrations for
the Raisin, Maumee, and Sandusky Rivers have been
upward. Pesticides have been detected in streams
draining row-cropped areas after application and runoff
in the spring and early summer. Peak concentrations of
atrazine can range from much less than 1.0 pg/L
(microgram per liter) in samples collected during pre-
application runoff to 35 pg/L. or more in samples col-
lected during postapplication runoff.

Most ground water in the Lake Erie-Lake St.
Clair Basin is moderately hard to very hard as a result
of contact with carbonate bedrock and surficial materi-
als of similar origin. The softest ground water is found
in relatively shallow, unconsolidated aquifers in west-
ern New York, and the hardest water is found in carbon-
ate and sandstone aquifers of the basin. Although water
contained in glacial deposits is typically lower in con-
centrations of dissolved solids and major ions than
water contained in bedrock, ground water and surface
water are both dominated by calcium, bicarbonate, and
sulfate ions.

Concentrations of nitrate plus nitrite-N in ground
water greater than or equal to 3 milligrams per liter
have been detected in a small percentage of wells sam-
pled in certain areas of the Lake Erie-Lake St. Clair
Basin. Currently used pesticides have been detected,
but only rarely, generally at concentrations less than 0.1
ne/L.

INTRODUCTION

In 1991, the U.S. Geological Survey (USGS) ini-
tiated a full-scale program to assess water-quality con-
ditions for a large part of the Nation’s stream and
aquifer systems. The long-term goals of the National
Water-Quality Assessment (NAWQA) Program are to
(1) describe the current quality of the Nation's surface-
and ground-water resources, (2) determine whether any
trends in the quality of the surface- and ground-water
resources can be described, and (3) provide a better
understanding of natural factors and human activities
that affect the quality of the surface- and ground-water
resources. The Lake Erie-Lake St. Clair Basin was
selected as one of 59 of the Nation's important river
basins and aquifer systems to be investigated under the
NAWQA Program.

The Lake Erie-Lake St. Clair Basin covers
approximately 22,300 mi” in northeastern Indiana,
southeastern Michigan, northern Ohio, northwestern
Pennsylvania, and western New York (fig. 1). The basin
drains to Lake Erie, Lake St. Clair, and to the St. Clair
and Detroit Rivers and eventually to the Niagara River
at the outflow of Lake Erie (fig. 1). Principal tributaries
within the basin are the Maumee River and its tributar-
ies in Indiana, Michigan, and Ohio: the River Raisin in
Michigan; the Sandusky, Cuyahoga, and Grand Rivers
in Ohio; and Cattaraugus Creek in western New York.

The basin is inhabited by approximately 10.4
million people, with about 45 percent of the people
residing in southeastern Michigan, 40 percent residing
in Ohio, 6 percent residing in western New York, 3 per-
cent residing in northeastern Indiana, and the remain-
ing 2 percent residing in northwestern Pennsylvania
(data from U.S. Geological Survey Aggregated Water
Use Data Systems, 1990). The basin includes several
major population centers: Detroit, Mich.; Cleveland,
Toledo, and Akron, Ohio; Fort Wayne, Ind.; Erie, Pa.;
and Buffalo, N.Y. The economy in the urban areas is
mostly related to manufacturing, service, and trade
industries. The economy of the remainder of the basin
is reliant on row-crop agriculture and livestock produc-
tion.

The purpose of this report is to describe the envi-
ronmental and hydrologic setting of the Lake Erie-
Lake St. Clair Basin and the factors that affect water
quality. This report is the first in a series of NAWQA
reports on the Lake Erie-Lake St. Clair Basin. The
report is intended to be used as a general guide to the
environmental setting of the basin and as preliminary
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depth, currents, salinity, and sedimentary depositional
environments in the intercratonic seas that covered this
section of the craton. (Droste and Shaver, 1983;
Qunilan and Beaumont, 1984; Beaumont and others,
1988).

Silurian Rocks

The Silurian rocks in northeastern Indiana that
are part of the shallow ground-water flow system can
be grouped into Salamonie Dolomite and the Salina
Group (fig. 6). In southeastern Michigan, the Silurian
rocks that are part of the shallow ground-water flow
system are the Salina Group and the Bass Islands
Group. The stratigraphic units in northwestern Ohio
and southeastern Michigan have been subdivided more
than those in Indiana. In northwestern Ohio, the Sil-
urian rocks that are part of the shallow ground water
flow system are the Lockport Dolomite and its equiva-
lent units, the Salina Group and the Bass Islands Group
(fig. 6). The Silurian rocks in northeastern Ohio and
northwestern Pennsylvania are deeply buried and not
part of the shallow ground-water flow system. In west-
ern New York, the Silurian rocks that are part of the
shallow ground-water flow system are the Lockport
Group and the Salina Group.

In Indiana, the Salamonie Dolomite consists of
two distinct lithologies. The basal part generally is a
fine-grained, impure, argillaceous limestone, dolomitic
limestone, and shale (Shaver and others, 1986). The
upper part of the Salamonie Dolomite is generally a
uniform dolomite with a coarse-grained, bioclastic,
vuggy texture (Shaver and others, 1986). In Ohio, the
correlative of the upper part of the Salamonie Dolomite
is the lower and middle part of the Lockport Dolomite.

The Lockport Dolomite conformably overlies
the Rochester Shale equivalent and is conformably
overlain, with minor local unconformities near reef-
bank facies (Shaver, 1991), by the Salina Group where
the Salina has not been eroded from above the Lockport
Dolomite. The Lockport Dolomite interval contains
three distinct units: a microcrystalline to coarsely crys-
talline dolomite; a microcrystalline to finely crystalline
dolomite; and a fossiliferous, predominantly coarsely
crystalline, vuggy dolomite (Janssens, 1977).

Droste and Shaver (1976) described the Salamo-
nie Dolomite as a laterally extensive, blanketlike
deposit of carbonate rocks that covered all of what is
now Indiana before the multiple post-Silurian periods
of erosion. This description can be extended to the cor-
relative Lockport Dolomite of Ohio. The pre-Devonian

erosion resulted in the removal of not only the Salamo-
nie and the Lockport Dolomites but also the Silurian
strata below these units south of the basin.

In western New York, the Lockport Group con-
formably overlies the Clinton Group and consists of
several distinct lithologies. The basal section is a shaly
dolomite, overlain by a crinoidal limestone; fine-
grained, massive to thick-bedded dolomite; fine-
grained dolomite; and a coarse- to medium-grained,
sucrosic dolomite (Johnston, 1964; La Sala, 1968).

Within the basin, the Salina Group conformably
and unconformably overlies the Salamonie Dolomite
and the Lockport Dolomite. The unconformities are
considered to be minor local unconformities near the
reef-bank facies (Shaver, 1991). The upper contact of
the Salina Group where the Bass Islands Group or
Dolomite either was not deposited or was eroded is a
regionally extensive unconformity. The overlying
Devonian rocks, where present, range in age from
Early to Middle Devonian (Droste and Shaver, 1982;
Hull, 1990).

In Indiana, the Salina Group includes a diverse
assemblage of dominantly carbonate rocks that range
from fine-grained argillaceous rocks to a pure carbon-
ate mud. The Salina Group also includes a coarse-
grained, bioclastic, vuggy and fossiliferous facies that
comprises reef-framework rocks (Shaver and others,
1986). The dolomites that compose the lower half of
the Salina Group consist of a micritic to fine-grained,
partly laminated dolomite and a granular, vuggy dolo-
mite (Shaver and others, 1986).

The upper half of the Salina Group in Indiana
contains several lithologies that grade into one another
(Shaver and others, 1986). The lithologies of these
rocks include dense to fine-grained, calcareous, silty
dolomite; dolomitic, silty limestone; fine-grained lime-
stone; dolomitic limestone; and dolomite. Also
included are micritic to fine-grained, thinly laminated
limestone; granular, vuggy dolomite; and carbonate
mudstones that are contained within the bank, reef,
reef-detrital, and biohermal deposits.

The upper part of the Salina Group has been sub-
jected to post-Cayugan, pre-Middle Devonian sub-
aerial exposure and erosion. This is apparent where the
uppermost part of the Salina Group is exposed within
quarries. At several locations in Indiana where the
Cayugan carbonate rocks have not been removed by
erosion, paleokarst features are evident. The paleokarst
features consist of caves, grykes (solution-widened fis-
sures), solution-widened bedding joints, and fractures
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derived from the settling of reef-flank deposits (Shaver,
1989). The paleokarst features are filled with a quartz
sand, a shaly material, breakdown that consists of the
local host rock, and what appear to be pisolites. As evi-
dence of the age of these features in relation to the over-
lying sediment, Shaver (1989) described a calcareous
shaly material that fills a cave containing Devonian
conodonts.

In southeastern Michigan, the Salina Group con-
sists of dolomites, shaly dolomites, shales, and evapor-
ite deposits. The carbonate rocks in the Salina Group
are primarily coarsely crystalline to dense dolomites
with an occasional limestone. The evaporite deposits
are primarily anhydrite and gypsum in the southern
section of southeastern Michigan, whereas salts (halite,
sylvite) dominate in the northern section of southeast-
ern Michigan (Mozola, 1969, 1970). The clastics are
fine-grained shales and dolomitic shales. The upper
half of the Salina group consists of interbedded shale,
carbonate, evaporite lithology, and the lower third of
the Salina Group is mostly carbonates.

In Ohio, the Salina Group consists of a diverse
assemblage of carbonate and evaporate deposits. This
group ranges from an argillaceous microcrystalline
dolomite to saccharoidal, medium-grained dolomite
and bedded evaporate deposits (Janssens, 1977).

In northwestern Ohio, the Salina Group contains
lithologies that also vary with the location. In the west-
ern half of northwestern Ohio, the Salina Group con-
tains the following dominant lithologies: (1) a
stromatolitic dolomite, (2) a partly argillaceous, silty,
microcrystalline dolomite that contains some shale, (3)
a microcrystalline dolomite that is partly laminated,
argillaceous, and pelletal and that locally contains sec-
ondarily deposited gypsum (Janssens, 1977), and (4) a
karsted Salina facies that contains mud cracks and a
secondary filling of caverns with what is believed to be
Devonian sediments (G. E. Larsen, Ohio Geological
Survey, oral commun., 1992). The Salina Group is a
petroliferous unit downdip in the Michigan and Appa-
lachian Basins. Along the crests of the Cincinnati and
Findlay Arches, where the overlying impermeable
units that function as a stratigraphic trap have been
removed, the Salina group has many reported occur-
rences of tar or asphalt deposits in cores on file with the
Ohio State Geological Survey. This could be the
remaining evidence of petroleum that was once con-
tained in the Salina Group updip from the Michigan
and Appalachian Basins.

A facies change has been noted within the Salina
Group of northwestern Ohio east of the Bowling Green
Fault Zone, where it contains dolomite, bedded anhy-
drite, very argillaceous dolomite, and shale. Janssens
(1977, p. 23) described it as “an important updip facies
of the salt-bearing Salina rocks of eastern Ohio.” This
facies change in northwestern Ohio could be the result
of several periods of movement along the Bowling
Green Fault Zone and their effect on depositional envi-
ronments, coupled with subsidence in the Michigan
Basin during this depositional episode (Onasch and
Kahle, 1991).

In western New York, the Salina Group is a
sequence of dolostone, shales, and evaporites (Isachsen
and others, 1991). The basal section of the Salina
Group in western New York is a shale with dolomite
layers, anhydrite, and minor salt beds. This is overlain
by a dolomitic shale to a shale that contains dolomite,
limestone, anhydrite, and salt layers. The uppermost
section of the Salina Group consists of dolomite and
dolomitic limestone that contain interbedded shales
(La Sala, 1968; Rickard, 1969; Isachsen and others,
1991).

In northwestern Ohio and southeastern Michi-
gan, the Salina Group is conformably overlain by the
Bass Islands Group (fig. 6) where the Bass Islands
Group can be recognized. The Bass Islands Group is a
dolomite that contains traces of chert and anhydrite
(Mozola, 1969; Mozola, 1970; Janssens, 1977). In
southeastern Michigan, some shales, dolomitic shales,
and layers of anhydrite and gypsum are contained in
the basal section of this unit (Mozola, 1969, 1970).

Devonian Rocks

The Devonian carbonate rocks in northeastern
Indiana can be grouped into two major stratigraphic
units, the Detroit River and Traverse Formations,
which together compose the Muscatatuck Group (fig.
6). The stratigraphic units in Ohio and southern Michi-
gan have been more subdivided than those in Indiana.
In Ohio and southern Michigan, the Devonian carbon-
ate rocks are the Bois Blanc Formation, the Sylvania
Sandstone, the Detroit River Group or Formation, the
Columbus Limestone, the Delaware Limestone or the
Dundee Limestone, and the Traverse Formation. In
western New York, the Devonian carbonate rocks are
the Bois Blanc Limestone, the Onondaga Limestone,
and the Hamilton Group (fig. 6).

The Antrim Shale and the Ellsworth Shale are
the upper Middle Devonian and Upper Devonian shales
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in northeastern Indiana, southeastern Michigan, and
northwestern Ohio north of the Findlay Arch. South
and east of the Findlay Arch in northwestern and north-
eastern Ohio, the equivalent lithologic units are the
Olentangy and Ohio Shale and the lowest part of the
Bedford Shale (fig. 6). In northwestern Pennsylvania
only the uppermost Devonian units are considered to be
within the shallow ground-water flow system. These
units are the Conneaut Group and the Conewango
Group (fig. 6). The Genesee, Sonyea, West Falls, Can-
adaway, Conneaut, and Conewango Groups are the
upper Middle Devonian and Upper Devonian shales in
Western New York (fig. 6).

After the post-Cayugan, pre-Middle Devonian
erosional event, the Great Lakes Region was again a
site of carbonate and evaporite deposition. The control-
ling tectonic forces of this depositional event were the
Acadian Orogeny and a major subsidence episode in
the Michigan and Illinois Basins (Droste and Shaver,
1983 Beaumont and others, 1988). The late Niagaran
and Cayugan Fort Wayne Bank also is thought to have
played a large role in the deposition of the Middle
Devonian carbonate rocks, which, as a resistant carbon-
ate reef-bank facies, may have functioned as a barrier
or a sill during the early deposition of the Detroit River
Group or the Detroit River Formation of the Musca-
tatuck Group (Doheny and others, 1975). Some inves-
tigators (Doheny and others, 1975; Briggs and others,
1978) have proposed that the Fort Wayne Bank was a
continuous feature that extended from northwestern
Indiana to northwestern Ohio. The Fort Wayne Bank, in
conjunction with another carbonate bank in southern
Michigan (proposed by Briggs, 1959), formed a
restricted evaporite basin in northern Indiana, north-
western Ohio, and southern Michigan (Mesolella and
others, 1974).

The only Lower Devonian rocks in the basin that
are within the shallow ground-water flow system are
the Bois Blanc Formation of southeastern Michigan
and the Bois Blanc Limestone of Western New York. In
southeastern Michigan, the Bois Blanc Formation is a
chert-rich dolomite that is dense to finely crystalline
(Mozola, 1969, 1970).The Bois Blanc Formation
unconformably overlies the Bass Islands Group and is
conformably overlain by the Detroit River Group or the
Sylvania Sandstone. The Bois Blanc Limestone is a
thin limestone unit that occurs sporadically in western
New York. The Bois Blanc Limestone unconformably
overlies the Salina Group and is unconformably over-

lain by the Onondaga Limestone (Isachsen and others,
1991).

In northeastern Indiana, southeastern Michigan,
and northwestern Ohio, the Detroit River Formation or
Group was deposited during late Early Devonian and
Middle Devonian time. This stratigraphic unit uncon-
formably overlies rocks of the Salina Group. In north-
eastern Indiana, the Detroit River Formation is
unconformably overlain by the Traverse Formation. In
northwestern Ohio, the Detroit River Formation is con-
formably overlain by a thin section of the Columbus
Limestone. The Detroit River Formation or Group was
described by Janssens (1970) and Shaver and others
(1986) as having several distinct facies. The basal unit
consists of a sandy dolomicrite that grades to a fine to
medium sandstone cemented with dolomite and con-
taining thin lenses of dolomicrite; this basal unit grades
upward into a fine-grained, laminated dolomite, dolo-
micrite, and dolosiltite that contains anhydrite and gyp-
sum nodules (Janssens, 1970; Shaver and others,
1986). The Detroit River Formation or Group is a
petroliferous unit downdip in the Michigan and Appa-
lachian Basins. Along the crests of the Cincinnati and
Findlay Arches, a strong petroleum odor is noticeable
in freshly broken samples from the Detroit River For-
mation or Group (R.W. Shaver, oral commun., 1989).

The Muscatatuck Group unconformably overlies
the Salina Group, and the Antrim Shale contact with
the Muscatatuck Group generally is unconformable,
but, in places, is conformable (fig. 6) (Shaver and oth-
ers, 1986). In northern Indiana, the Muscatatuck Group
is divided into the Detroit River and Traverse Forma-
tions (Shaver and others, 1986). Several carbonate
lithologies are dominant in the Muscatatuck Group.
The lowest part consists of a sandy, fine-grained,
quartz-rich dolomite or a dolomitic quartz sandstone
overlain by a granular, vuggy dolomite. These basal
units are overlain by shaly to pure, granular limestone
and dense, lithographic to fine-grained, typically lami-
nated dolomites and dolomitic limestones (Becker,
1974; Shaver and others, 1986). Certain coarsely gran-
ular and fibrous anhydrite and gypsum deposits within
the Muscatatuck Group correspond to the Detroit River
Formation in northern Indiana (Becker, 1974; Shaver
and others, 1986).

In southeastern Michigan, the Detroit River
Group has a laterally equivalent unit that also is consid-
ered to be the basal unit of the Detroit River Group. The
Sylvania Sandstone either lies conformably on the Bois
Blanc Formation or, where the Bois Blanc Formation is
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absent, lies unconformably on the Bass Islands Group.
The Sylvania Sandstone is a fine- to medium-grained

sandstone that exhibits crossbedding. The Detroit River
Group is conformably overlain by the Dundee Lime-

stone and is conformably underlain by the Bois Blanc
Formation. The Detroit River Group is a dolomite that
is finely crystalline to granular (Mozola, 1969, 1970).

In northwestern Ohio, the Detroit River Group is
conformably overlain by a thin section of the Colum-
bus Limestone (Shaver, 1985). The Columbus Lime-
stone consists of a basal highly crystalline and porous
dolomite or dolomitic limestone overlain by a massive,
fossiliferous limestone that locally contains some chert
(Westgate, 1926; Stout, 1941; Hall and Alkire, 1956).
The Columbus Limestone is unconformably overlain
by the Dundee and the Delaware Limestones (fig. 6),
which are laterally equivalent. The Dundee Limestone
is a saccharoidal, sandy, fine- to medium-crystalline
dolomitic limestone or dolomite that contains nodular
chert (Janssens, 1970). The Delaware Limestone is a
fine-grained, argillaceous and fossiliferous limestone
(Janssens, 1968). The Delaware and the Dundee Lime-
stones are unconformably overlain by the Traverse For-
mation (fig. 6).

In northwestern Ohio, the Delaware Limestone
unconformably overlies the Columbus Limestone and
is unconformably overlain by the Olentangy Shale
(Shaver, 1985; Hull, 1990; Larsen, 1991). The Olen-
tangy Shale is the basal part of the upper confining unit
of the Silurian and Devonian carbonate-rock aquifer
system in central and western Ohio. The Delaware
Limestone consists of a thinly bedded limestone that
contains nodules of chert and thin layers of shale. This
basal section grades into an argillaceous limestone,
which contains beds of chert, and a massive limestone
unit (Hall and Alkire, 1956; Dow, 1962; Janssens,
1968).

In western New York, the equivalent of the
Detroit River Formation or Group and the Columbus
Limestone is the Onondaga Limestone. The Onondaga
Limestone is unconformably underlain in places by the
Bois Blanc Formation and conformably overlain by the
Hamilton Group (Isachsen and others, 1991). The basal
section of the Onondaga Limestone is a coarse-grained,
crinoidal limestone overlain by a cherty limestone, and
the upper section is a limestone (La Sala, 1968).

The Traverse Formation in northeastern Indiana
is lithologically similar to the strata of the same name
in Ohio. In Indiana, the Traverse Formation contains
the following distinct lithologies: (1) a basal dense,

micritic, fossiliferous limestone, (2) a highly fossilifer-
ous, lithographic and sublithographic limestone that
grades into a fossiliferous calcareous shale and an
argillaceous limestone from northwestern to northeast-
ern Indiana, and (3) a cherty, dense to medium-grained
dolomite that overlies both of these units (Shaver and
others, 1986). The Traverse Formation unconformably
overlies the Detroit River Formation. The Traverse For-
mation overlies progressively younger parts of the
Detroit River Formation updip from the Michigan
Basin onto the Wabash Platform (Shaver and others,
1986). The Traverse Formation is overlain conform-
ably and unconformably by the Antrim Shale (Shaver
and others, 1986).

In southeastern Michigan, the Traverse Group
consists of variable amounts of shales, limestones, and
dolomites. The ratios of the carbonates to the shales can
change greatly from one location to another in south-
eastern Michigan. The shales can contain thin carbon-
ate lenses. The limestone and dolomite can exhibit thin
or massive bedding and can contain some chert lenses
(Mozola, 1969, 1970).

The Traverse Formation in northwestern Ohio
contains two major lithologies. The basal part of the
Traverse is an fine- to coarse-grained, argillaceous and
fossiliferous limestone interbedded with calcareous
shale. The upper part consists of a dense to medium-
crystalline dolomite that contains lenticular and nodu-
lar chert and minor interbedded shaly dolomite and
shale (Janssens, 1970). The Traverse Formation uncon-
formably overlies the Delaware and the Dundee Lime-
stones and is unconformably overlain by the Antrim or
Ohio Shale (Janssens, 1970; Hull, 1990; Larsen, 1991).

In western New York, the Hamilton Group is
equivalent to the Delaware and Dundee Limestones
and the Traverse Formation. The upper part of the
Hamilton Group is equivalent to the Olentangy Shale
and the Plum Brook Shale and the Prout Limestone
(fig. 6). The Hamilton Group is a predominantly shale
sequence with minor limestone and sandstone layers.
The Hamilton Group lies conformably on the Onon-
daga Limestone and is unconformably overlain by the
Genesee Group (Isachsen and others, 1991). The basat
section of the Hamilton Group is a black shale that is
overlain by thin limestone, which in turn is overlain by
a fissile shale with several calcarious beds or thin lime-
stone layers (La Sala, 1968).

During late Middle Devonian and Late Devonian
time, the Acadian Orogeny resulted in the formation of
the Catskill Delta complex, which spread from the
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northeastern Appalachian Basin south along the trend
of the basin and west onto contiguous sections of the
craton. The Acadian Mountains were uplifted along the
eastern margin of the craton and were a source area for
the sediments that were shed into the Appalachian
Basin (Ettensohn and Barron, 1981). The Catskill Delta
complex had a widespread distribution that ranged
from the source area near the cratonic margin, across
the Appalachian Basin onto the Cincinnati, Findlay,
and Algonquin Arches, and into the east- and north-
central midcontinent area of Indiana, Illinois, and east-
ern Iowa (Ettensohn and Barron, 1981; Devera and
Hasenmueller, 1991).

In northeastern Ohio, the Olentangy Shale
unconformably overlies the Delaware Limestone and is
unconformably overlain by the Ohio Shale (Hoover,
1960; Larsen, 1991). The Olentangy Shale is equiva-
lent to the Plum Brook Shale and the Prout Limestone
(Hoover, 1960). The Olentangy Shale is a shale with
black, fissile shale beds in the upper part of the unit;
these black shale beds are more numerous in south-
western Ohio. The Plum Brook Shale is a soft, fossilif-
erous shale with bands of argillaceous limestone, and
the Prout Limestone is a hard, siliceous limestone
(Hoover, 1960).

In northeastern Indiana, the Antrim Shale para-
conformably overlies the Traverse Formation (Musca-
tatuck Group) and is laterally equivalent with parts of
the Ellsworth Shale (fig. 6) (Shaver and others, 1986;
Gutschick and Sandberg, 1991). The Antrim Shale was
described by Lineback (1970) as a mostly brownish-
black shale that includes a greenish-gray shale in the
basal section of the unit.

The Antrim or the Ohio Shale in southeastern
Michigan and northwestern Ohio unconformably over-
lies the Traverse Formation and is conformably and
unconformably overlain by the Bedford Shale; it is bur-
ied by glacial sediments where it crops out at the bed-
rock surface (fig. 6) (Shaver, 1985; Hull, 1990; Larsen,
1991). The Antrim Shale was described by Janssens
(1970) as a fissile shale in which the basal 30 ft is inter-
bedded with minor dolomitic layers.

The Ohio Shale in northeastern Ohio uncon-
formably overlies the Olentangy Shale or the Plum
Brook Shale and the Prout Limestone. The Ohio Shale
is a fissile shale that contains some argillaceous layers,
thin sheets of micaceous sandstone, and pyrite
(Hoover, 1960). The Ohio Shale and its equivalents
constitute a carbon-rich or petroliferous shale sequence
that has been a producer of moderate quantities of nat-

ural gas (Janssens and de Witt, 1976). The Ohio Shale
in northeastern Ohio is equivalent to the Antrim or
Ohio Shale in northeastern Indiana and northwestern
Ohio, north of the Findlay Arch (Shaver, 1985).

In northwestern Pennsylvania within the basin,
Upper Devonian rocks are the oldest time-stratigraphic
units in the shallow ground-water flow system. These
units are the Conneaut Group and the Conewango
Group. The Conneaut Group is a shale interbedded
with siltstone and shaly fine-grained sandstone. The
Conneaut Group conformably and unconformably
overlies the Canadaway Group and is conformably
overlain by the Conewango Group. The Conewango
Group consists primarily of interbedded shale and silt-
stone with layers of thin, very fine grained sandstone.
The upper section of the Conewango Group is a shale
(Schiner and Gallaher, 1979; Richards and others,
1987)

In western New York, the equivalents of the Ohio
or the Antrim Shale are the Genesee, the Sonyea, the
West Falls, the Canadaway, and the Conneaut Groups
(Isachsen and others, 1991). The Genesee Group is a
shale with limestone beds at its base. The Sonyea
Group is a shale. The West Falls Group is a shale and
siltstone that is petroliferous in the lower part. The
Canadaway Group is a shale and siltstone that contains
many calcareous concretions in the lower half of the
unit and grades from a shale to siltstone in the upper
half of the unit. The Conneaut Group is a shale, silt-
stone, and fine-grained sandstone (La Sala, 1968).

Devonian and Mississippian Rocks

In northeastern Indiana, the Ellsworth Shale con-
formably overlies the Antrim Shale. In northern Indi-
ana, the Ellsworth Shale is laterally equivalent to the
Sunbury Shale and is conformably overlain by the
Coldwater Shale (Shaver and others, 1986). The
Ellsworth Shale crops out at the bedrock surface in
northeastern Indiana, where it is covered by glacial
deposits. The Ellsworth Shale is described as consist-
ing of alternating beds of gray-green shale and brown-
ish-black shale in the lower part and grayish-green
shale in the upper part (Hasenmueller and Woodard,
1981).

In southeastern Michigan, the Bedford Shale
conformably overlies the Antrim Shale and is conform-
ably overlain by the Berea Sandstone. The Bedford
Shale is a limy or sandy shale. It also can contain a
micaceous sandstone and a shaly dolomite. The Bed-
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ford Shale is a subcrop beneath glacial drift and is not
exposed at land surface in the basin (Mozola, 1969).

North of the Findlay Arch in northwestern Ohio,
the Bedford Shale is a soft to hard siliceous shale (J.M.
King, 1977). South and east of the Findlay Arch in
northwestern and northeastern Ohio, the Bedford Shale
grades from a soft, clay-rich shale in the lower part of
the formation to a siltstone containing silty shale layers
in the upper part of the formation. In easternmost Ohio,
the basal section of the Bedford Shale is in a facies rela-
tion with a poorly cemented, medium- to coarse-
grained quartz sandstone. This basal section is the
westernmost extension of the Cussewago Sandstone. In
northeastern Ohio, the Cussewago Sandstone conform-
ably overlies the Ohio Shale and is conformably over-
lain by the Bedford Shale (Winslow and White, 1966;
Rau, 1969; Hull, 1990). The Bedford Shale conform-
ably overlies the Antrim or the Ohio Shale and is con-
formably and unconformably overlain by the Berea
Sandstone (Hoover, 1960).

Mississippian Rocks

In northwestern Pennsylvania, the Cussewago
Sandstone is a sandstone that can be divided into a
lower and upper section. The lower section of the Cuss-
ewago Sandstone is a fine- to coarse-grained, domi-
nantly massive sandstone. This section may contain
very coarse sand or pebbles of quartz or chert near its
base. The lower section of the Cussewago Sandstone is
poorly cemented and, in places, the massive sandstone
exhibits steep-angle crossbedding. The upper section
of the Cussewago Sandstone is a very fine to fine-
grained, thin-bedded, micaceous sandstone that con-
tains interbedded shales and siltstones. The Cussewago
Sandstone conformably overlies the Conewango Group
and is conformably overlain by the Bedford Shale
(Schiner and Gallaher, 1979 Richards and others,
1987). The Bedford Shale is a thinly bedded, silty shale
that in places is a siltstone to a very fine grained sand-
stone. The Bedford Shale is conformably overlain by
the Berea Sandstone and conformably overlies the
Cussewago Sandstone (Schiner and Gallaher, 1979).

In southeastern Michigan and north of the Find-
lay Arch in northwestern Ohio, the Berea Sandstone is
a fine-grained sandstone and shale. The Berea Sand-
stone conformably overlies the Bedford Shale and is
conformably overlain by the Sunbury Shale. The Berea
Sandstone is the lateral equivalent of the upper section
of the Ellsworth Shale in northeastern Indiana

(Mozola, 1969; Shaver, 1984; Harrell and others,
1991).

The Berea Sandstone in northeastern Ohio can
have three separate sections. The basal section is a
crossbedded, coarse-grained, well-indurated sand-
stone. The middle section is a massive, medium- to
coarse-grained sandstone. The upper section of the
Berea Sandstone is a fine-grained sandstone that con-
tains shale stringers and partings. The Berea Sandstone
is conformably and unconformably underlain by the
Bedford Shale and conformably overlain by the Sun-
bury Shale (Winslow and others, 1953).

In northwestern Pennsylvania, the Berea Sand-
stone is a silty, fine-grained sandstone that can be very
difficult to distinguish from the underlying Bedford
Shale. The Berea Sandstone in northwestern Pennsyl-
vania is a finer grained facies of the Berea Sandstone
northeastern Ohio. The Berea Sandstone is conform-
ably underlain by the Bedford Shale and conformably
overlain by the Cuyahoga Group (Schiner and Galla-
her, 1979; Richards and others, 1987).

In northern Indiana and northwestern most Ohio,
the Sunbury Shale conformably overlies and is laterally
equivalent to the Ellsworth Shale (Shaver and others,
1986) (fig. 6). The Sunbury Shale is conformably over-
lain by the Coldwater Shale (Shaver and others, 1986)
(fig. 6). Hasenmueller and Woodard (1981) describe
the Sunbury Shale as a brownish-black, carbonaceous
shale.

The Sunbury Shale in southeastern Michigan is a
well-cemented shale that can contain traces of dolo-
mite. The Sunbury Shale is conformably underlain by
the Berea Sandstone and conformably overlain by the
Coldwater Shale (Mozola, 1969).

In northeastern Ohio, the Sunbury Shale is a
bituminous shale that grades into a siltstone that
pinches out near the Ohio-Pennsylvania State line
(Rau, 1969). The Sunbury Shale is conformably under-
lain by the Berea Sandstone and conformably overlain
by the Cuyahoga Formation (Hull, 1990).

The Coldwater Shale in northern Indiana con-
formably overlies the Ellsworth and Sunbury Shales.
The Coldwater Shale crops out at the bedrock surface
in northern Indiana, where it is deeply buried by glacial
deposits (Johnson and Keller, 1972). Shaver and others
(1986) describe the Coldwater Shale as a silty shale.

In southeastern Michigan and northwesternmost
Ohio, the Coldwater Shale is primarily a shale in the
basal section; the upper section includes some fossilif-
erous shale that can contain lenses or thin beds of sand-
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stone dolomite or siltstone. The Coldwater Shale
conformably overlies the Sunbury Shale and is con-
formably overlain by the Marshall Sandstone (Mozola,
1969; Cohee, 1979).

In northeastern Ohio, the Cuyahoga Formation is
the time equivalent of the Coldwater Shale in northern
Indiana and southeastern Michigan. The Cuyahoga
Formation is composed of interbedded shales and thin
sandstones and a uniform soft, fissile shale. This forma-
tion can be subdivided into three sections: a basal sec-
tion consisting of a fissile shale; a middle section
consisting of interbedded shale and limy, fine sand-
stone; and an upper section consisting of sandstone
beds (Winslow and others, 1953; Winslow and White,
1966). The Cuyahoga Formation is unconformably
overlain by the Pottsville Group or by Quaternary
deposits, and it conformably overlies the Sunbury
Shale (Winslow and others, 1953; Winslow and White,
1966; Hull, 1990).

The Cuyahoga Group in northwestern Pennsyl-
vania is the time equivalent of both the Sunbury Shale
and the Cuyahoga Formation of northeastern Ohio.
Schiner and Gallaher (1979) describe the Cuyahoga
Group as a unit that could be considered a single for-
mation consisting primarily of shale and containing
widespread lenses of sandstone in the middle of the
unit. The basal section is an argillaceous to silty, fissile
shale that contains thin beds of fine-grained sandstone
to siltstone. The middle section consists of a thinly bed-
ded, fine-grained sandstone separated by beds of silt-
stone and shale, and it may contain limestone near the
base. The upper section of the group is a micaceous
siltstone and silty shale with some lenses of fine-
grained sandstone (Schiner and Gallaher, 1979). The
Cuyahoga Group conformably overlies the Berea
Sandstone and is conformably overlain by the
Shenango Formation; where the Shenango Formation
has been eroded. the Cuyahoga Group is unconform-
ably overlain by the Quaternary deposits (Schiner and
Gallaher, 1979).

Where the Shenango Formation has not been
eroded in northwestern Pennsylvania, it contains two
dominant lithologies. The basal section consists of a
well-cemented, very fine to medium-grained sandstone
that is intertongued with shale and siltstone. The upper
section of the Shenango Formation is a shale interbed-
ded with thin layers of siltstone to very fine sandstone;
thin, silty limestones; and thin layers of siderite concre-
tions. The Shenango Formation conformably overlies
the Cuyahoga Group and, within the basin in north-

western Pennsylvania, is unconformably overlain by
the Quaternary and Holocene deposits (Schiner and
Gallaher, 1979)

In southeastern Michigan, the Marshall Sand-
stone consists of sandstone interbedded with limestone,
dolomite, siltstone, and shale. The basal section of the
Marshall Sandstone is a fine- to medium-grained sand-
stone that contains abundant micas in its lower half.
The middle section of the Marshall Sandstone consists
of a shale and carbonate sequence. The upper section of
the Marshall Sandstone consists of a fine- to medium-
grained sandstone (Westjohn and Weaver, 1994). The
Marshall Sandstone conformably overlies the Coldwa-
ter Shale and is unconformably overlain by the Michi-
gan Formation (Michigan Geological Survey, 1964).

The Michigan Formation is an interbedded
sequence of shale, limestone, dolostone, gypsum or
anhydrite, siltstone, and sandstone. The individual beds
that compose this formation are generally less than 10
ft thick (Westjohn and Weaver, 1994). The Michigan
Formation unconformably overlies the Marshall Sand-
stone and is conformably overlain by the Bayport
Limestone (Michigan Geological Survey, 1964).

Pennsylvanian Rocks

In northeastern Ohio, the Pottsville Group is
principally a sandstone unit with a few discontinuous
shale lenses and two shale units that contain thin coals,
underclays, and limestones. The basal section of the
Pottsville Group is a coarse- to medium-grained, pure
quartz sandstone conformably overlain by a sandy,
gray-black shale with thin coal seams. This section can
contain poorly cemented lenses or channel fillings of
coarse, pebbly conglomerate. The next stratigraphi-
cally younger section is a coarse- to medium-grained
sandstone that unconformably overlies the previously
described sandy shale. This sandstone is moderately
cemented to well cemented; it can be massive or it can
contain crossbedding and channel-fill deposits. Within
the section, the sandstone is separated by a distinct
shale break. Overlying this sandstone section is a silty
to carbonaceous shale that is interbedded with coarse-
to medium-grained sandstones, thin coal seams, under-
clays, and thin limestones. The shale unconformably
underlies the uppermost section of the Pottsville
Group. The uppermost section of the Pottsville Group
ranges from a well-sorted quartz sandstone to a poorly
sorted, medium- to fine-grained sandstone. This upper-
most section commonly contains shale lenses and can
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centration of industry
in the Detroit, Mich.,

area that depends on a
ready supply of fresh-

Table 5. Total water use and percentages of the total, by surface water and ground water
in the Lake Erie-Lake St. Clair Basin
[Data from U.S. Geological Survey, 1995a; Mgal/d, million gallons per day]

water. Domestic

. Ground water Surface water
ground-water with-
drawals increase from Category of supply Total _ .
west to east relative to water use Withdrawal Percent Withdrawal Percent of
the total ground-water (Mgal/d) of total (Mgal/d) total
. (Mgal/d)
withdrawals.
About 98 per- Public 406.04 33.31 8.2 372.73 91.8
cent of the total water )
. . Domestic 743.86 110.09 14.8 633.77 85.2
used in the basin was
withdrawn from sur- Industrial 1,268.23 72.19 5.7 1.196.04 94.3
face water, and the ,
o . 1 )
remaining 2 percent Power generation 8,192.81 28 0 8.192.53 100.0
came from ground- Agricultural
water sources. If large (livestock/irrigation) 38.63 12.41 32.1 26.22 67.9
surface-water with-
Total 10.649.57 228.28 22 10.421.29 97.8

drawals associated

with power generation

and industrial uses are removed from the total water-use
budget, ground water accounts for roughly 15 percent
of the remaining water used for agriculture, domestic
use, and public supply. Among these categories,
ground-water withdrawals represent nearly 33 percent
of agricultural supply, 15 percent of domestic supply,
and 8 percent of public supply.

In addition to offstream water use for power gen-
eration, instream water use in the Lake Erie-Lake St.
Clair Basin directly affects the social and economic
welfare of the basin. The basin contains more then 300
recreational areas and more than 90,000 acres of inland
water. Recreational instream water use, such as fishing
during the spring walleye run in the Maumee and
Sandusky Rivers, enhances local economies. Navigable
channels connect vital shipping lanes from the upper
Great Lakes to Lake Ontario as part of the St. Lawrence
Seaway. Thirteen major shipping ports in the basin
import and export commodities to and from world mar-
kets.

HYDROLOGIC SETTING

The Lake Erie-Lake St. Clair Basin is one of the
world’s largest freshwater-resource regions. Lake Erie
is the 11th largest freshwater lake in the world. About
78.5 percent of the water supplied to Lake Erie comes
from the upper Great Lakes by way of the St. Clair and
Detroit Rivers. The inland streams of the Lake Erie-

Table 6. Contributions to total water use by hydrologic
unit in the Lake Erie-Lake St. Clair Basin, 1990

[Water use in million gallons per day. Data from U.S. Geological Survey.
1995a]

Hydrologic unit Total water Percent of
(maijor city in unit) use total
0409 (Detroit) 3.953.0 37.1
0410 (Toledo) 2.600.3 245
0411 (Cleveland) 2,464.1 23.1
0412 (Buffalo) 1.632.1 15.3

Lake St. Clair Basin contribute about 10.5 percent of the
water supplied to Lake Erie, the remaining 11.0 percent
being supplied by precipitation to the lake surface (U.S.
Environmental Protection Agency and Government of
Canada, 1995) and ground-water discharge to the lake
(Eberts and Lesney, in press). All rivers in the basin
drain either to Lake Erie, to Lake St. Clair, or to the con-
necting channels, the St. Clair, Detroit, and Niagara
Rivers (fig. 14). Local and regional ground-water sys-
tems drain to streams and eventually to Lake Erie or the
connecting channels. Modern rivers and unconsoli-
dated-aquifer systems in the Lake Erie Basin are rela-
tively young compared to those in adjacent basins
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Table 7. Water budget for the Lake Erie-Lake St. Clair Basin

[Inflow and outflow totals dif fer slightly because of computations from independent data sets]

Basin inflow
(average annual values)

Basin outflow
(average annual values)

Acre-feet Acre-feet
(x105) Inches (x10%) Inches
Precipitation Runoff from streamflow
Indiana 2.46 359 Michigan 2.90 9.6
Michigan 10.10 335 Ohio and Indiana 9.74 13.0
Ohio 24.90 36.8 Pennsylvania .36 20.6
Pennsylvania .67 383 New York 1.53 22.0
New York 2.59 37.2 Evaporation from lake surfaces
Total 40.72 359 Indiana 0.01 0.1
draining to the Mississippi River. The recent surface Michigan 15 6
and ground-water systems in the basin began to form Ohio 12 2
" .
about 12,500 B.P., near the end of the last glacial Pennsylvania <01 <1
period. ol |
. . e York <. <.
The Lake Erie-Lake St. Clair Basin is in the New or
humid Upper Midwest, where precipitation exceeds Evapotranspiration
water loss from evapotranspiration by about one-third Indiana 1.63 739
annually (table 7). The major input of freshwater to the o
. . . . Michigan 7.13 23.6
basin, excluding that which arrives from the upper
Great Lakes, is from precipitation. There are a few Ohio 16.00 23.5
small interbasin water transfers, but they are negligible Pennsylvania 40 23.0
inputs in comparison to rain and snow. Direct ground-
puts i P t ) o Ero! nd New York 1.60 23.0
water discharge to the lake is thought to be a relatively
minor component of the water budget of the Lake Erie Total 41.59 36.5
Basin. Studies by Eberts and Lesney (in press) have
Y y (in press) Streams

shown that direct discharge of ground water to Lake
Erie is very small, probably less than 1 percent of the
ground-water budget of regional flow in the Silurian
and Devonian carbonate aquifer. Ground-water dis-
charge to streams can comprise as much as 30 to 50 per-
cent of the total streamflow on an annual basis for
certain streams.

Evapotranspiration is the largest water-loss fac-
tor in the basin and is proportionally more important in
Michigan and northwestern Ohio than in northeastern
Ohio, Pennsylvania, and western New York (table 7).
Conversely, runoff and streamflow play a larger role in
water loss than does evapotranspiration in northeastern
Ohio, Pennsylvania, and western New York (table 7).

Streams in the Lake Erie-Lake St. Clair Basin are
tributaries to Lake Erie, Lake St. Clair and the connect-
ing channels, the St. Clair, Detroit, and Niagara Rivers.
The Lake Erie-Lake St. Clair Basin contains one rela-
tively large stream, the Maumee River, and many
smaller streams (fig. 14). Selected hydrologic charac-
teristics of streams are listed in table 8. Drainage areas
indicated in table 8 represent the drainage area at the
gage, which, for direct tributaries to the Great Lakes, is
slightly less than the total drainage area of the stream
basin.

The Maumee River discharges just under 24 per-
cent of the streamflow from tributary streams into west-
ern Lake Erie through Maumee Bay at Toledo, Ohio
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and Devonian limestone and dolomite, Devonian and
Mississippian sandstone interbedded with shale, and
Devonian and Mississippian shales; these bedrock
units are overlain predominantly by till ranging in
thickness from 0 to more than 400 ft. Land use is
mostly row crops of corn, soybeans, and wheat. Several
large urban areas—Fort Wayne, Ind., and Toledo,
Lima, and Findlay, Ohio—are in the basin (fig. 10).
Petrochemical refining, glass, chemical, automotive,
and automotive-related manufacturing are the largest
industries. The area from Findlay through Lima was
once an area of intensive oil production, thus explain-
ing the presence of refineries in Toledo, Lima, and
Findlay (Wickstrom and Gray, 1994). The Maumee
River is the source of water for several towns and cities
in the basin, among which are Napoleon, Defiance,
Bowling Green, McClure, and Maumee, Ohio.

The four largest tributaries to the Maumee River,
in descending order, are the Auglaize, St. Joseph, St.
Marys, and Tiffin Rivers (fig. 14; table 8). The St.
Joseph River, which drains 1,086 mi°. is underlain by
Devonian and Mississippian shales and sandstones
interbedded with shale. The glacial materials are pre-
dominantly till, and they can range in thickness from
about 100 to 400 ft in areas of end moraines and ground
moraines. The St. Joseph River is the water supply for
Fort Wayne, Ind. The St. Marys River drams 839 mi’,
and the Auglaize River drains 2,435 mi’: both are
underlain by Silurian and Devonian limestone and
dolomite and thin, clayey and silty till ranging from 0
to 150 ft in thickness. The upper Auglaize River flows
over a rolling till plain, whereas the lower part flows
over the flat lake plain. The streamflow of the Auglaize
River is diverted into the Bressler upground reservoir
for public and industrial supply. The mean annual
streamflow of the Auglaize River is the second highest
in the Lake Erie-Lake St. Clair Basin (table 8). The
Auglaize River joins the Maumee River at Defiance,
Ohio.

The Sandusky River, the fifth largest stream in
the basin (fig. 14; table 8), drains 1,420 mi- to the west-
ern basin of Lake Erie at Sandusky, Ohio. Like the
Auglaize River, the Sandusky River is underlain by Sil-
urian and Devonian limestone and dolomite and Devo-
nian shale; the overlying thin, silty to clayey till ranges
in thickness from O to 150 ft in areas characterized by
gently rolling till plains in the upper and middle
reaches and flatter lake plains in the lower reaches.
Land use in the Sandusky River Basin is primarily row
crops of corn, soybeans, and wheat (fig. 10). The

Sandusky River is the source of public supply for
Upper Sandusky, Tiffin, and Fremont, Ohio.

The Huron, Vermilion, Black, and Rocky Rivers
are underlain by Devonian and Mississippian shale.
Bedrock is overlain by till ranging from O to 150 ft in
thickness. The Huron River drains 405 mi>, the Vermil-
ion River drains 268 miZ, and the Black River drains
470 mi? (fig. 14; table 8). The easternmost of the above
four rivers, the Rocky River, drains 293 mi> and is split
by the boundary of the Central Lowland and Appala-
chian Plateaus Provinces such that about half the drain-
age lies in each. These streams drain to the central
basin of Lake Erie (defined as the area from Sandusky,
Ohio, to Erie, Pa.). Land use in the Vermilion and
Huron River Basins is predominantly row crops,
whereas land use in the Black and Rocky River Basins
is predominantly urban (fig. 10). Major urban areas are
Lorain, Elyria, and part of Cleveland, Ohio. Steel,
chemical, and automotive manufacturing are the pri-
mary industries. However, many of these industries
have undergone dramatic changes such as cutbacks in
production, shifts in the types of manufacturing, or clo-
sure since the mid-1970’s. The Vermilion, Huron, and
Black Rivers serve as public supplies for small commu-
nities inland from Lake Erie.

The Cuyahoga, Chagrin, and Grand Rivers are
tributary to the central basin of Lake Erie. The Cuya-
hoga River is the third largest stream in the Lake Erie-
Lake St. Clair Basin by mean annual streamflow (fig.
14; table 8). The Cuyahoga River drains 809 mi” under-
lain by predominantly Mississippian and Pennsylva-
nian sandstone and shale, some Mississippian and
Devonian shale, and till and coarse-grained stratified
sediment. Land use is predominantly urban. A small
percentage of land use in the uppermost part of the
basin is in pasture and forage crops (fig. 10). Cleveland,
Ohio (at the mouth of the Cuyahoga River), and Akron,
Ohio (at the midpoint), are the major urban areas. The
Cuyahoga River is the source of the water supply for
Akron. The River is impounded into three water-supply
reservoirs upstream from Akron. The Cuyahoga Valley
National Recreation Area straddles the river valley
between Akron and Cleveland.

The Chagrin River, which drains 264 mi2, is sim-
ilar to the Cuyahoga River in geologic setting. The
Chagrin River drains the residential and rural areas east
of Cleveland, Ohio. The Grand River drains a 705-mi?
area underlain by Mississippian and Devonian shale,
till, and fine-grained stratified sediments (table 8).
Land use is predominantly pasture and forage crops in
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Table 8. Hydrologic characteristics of selected streams in the Lake Erie-Lake St. Clair Basin

[mi”, square miles; ft*/s, cubic feet per second: ft*/s/mi”, cubic feet per second per square mile; in.. inches: streamflow is mean annual streamflow
for period of record: runoff is mean annual runoff. Numbers in parentheses for tributaries are included in total for receiving streams.

Drainage areas indicated in table represent the drainage area at the gage, which, for direct tributaries to the Great Lakes, is slightly less

than the total drainage area]

38

) ) ' Drainagearea  Streamflow Unit runoff Percent <_)f

River name and gaging-station location at gage (total)  of tributary Y total basin

(mi?) (f1s) (t¥s/mi%) streamflow

Michigan1
Black River near Jeddo. Mich. 464 299 0.64 1.41
Mill Creek near Avoca, Mich. 169 93.8 61 44
Belle River at Memphis, Mich. 151 91.6 .55 43
Clinton River at Mt. Clemens. Mich. 734 551 75 2.60
River Rouge at Detroit, Mich. 187 121 .65 57
Lower River Rouge at Inkster, Mich. (83) (53.6) (.65) (.25)
Middle River Rouge near Garden City, Mich. (100) (74.1) (.74) (.35)
Huron River at Ypsilanti, Mich. 807 611 .76 2.88
River Raisin near Monroe, Mich. 1,042 736 71 3.47
Otter Creek at La Salle, Mich. 51 46.1 .90 22
Ungaged streams in Michigan 1.916 1.533 .80 7.23
Michigan total 19.27
Indiana’ and Ohio*

Ottawa River at Toledo University, Toledo. Ohio 150 130 .87 0.61
Maumee River at Waterville, Ohio 6,330 4,990 .78 23.50
Auglaize River near Defiance. Ohio (2.318) (1,765) (.75) (8.33)
St. Josephs River near Fort Wayne, Ind. (1,060) (1,066) (1.01) (5.03)
St. Marys River near Fort Wayne, Ind. (762) (603) (.81) (2.85)
Tiffin River at Stryker, Ohio (410) (333) (.81) (1.57)
Portage River at Woodville. Ohio 428 332 i 1.57
Sandusky River near Fremont, Ohio 1,251 1,018 .81 4.80
Huron River at Milan, Ohio 371 307 83 1.45
Vermilion River near Vermilion. Olio 262 210 93 99
Black River at Elyria, Olhio 396 336 .85 1.59
Rocky River near Berea, Oliio 267 279 1.04 1.32
Cuyahoga River at Cleveland, Ohio 788 1,536 1.53 7.25
Chagrin River at Willoughby, Ohio 246 338 1.37 1.59
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Table 8. Hydrologic characteristics of selected streams in the Lake Erie-Lake St. Clair Basin—Continued

[mi”. square miles; ft¥/s. cubic feet per second: ft¥/s/mi”, cubic feet per second per square mile: in.. inches; streamflow is mean annual streamflow
for period of record; runoff is mean annual runoff. Numbers in parentheses for tributaries are included in total for receiving streams.
Drainage areas indicated in table represent the drainage area at the gage, which, for direct tributaries to the Great Lakes, is slightly less

than the total drainage area

Drainage area Streamflow Unit runoff Percent ?f

River name and gaging-station location at gage (total)  of tributary 32 total basin

(mi?) (f3rs) (fts/mi7) streamflow
Grand River near Painesville, Ohio 685 1.050 1.52 4.95
Ungaged streams in Ohio 2.889 3120 1.08 14.72
Ohio and Indiana total 64.39

Pennsylvania5
Conneaut Creek at Conneaut, Ohio 273 273 1.00 1.29
Raccoon Creek near W. Springfield, Pa. 2.5 343 1.37 .02
Brandy Run near Girard, Pa. 4.5 7.18 1.60 .03
Ungaged streams in Pennsylvania 324 557 1.72 2.63
Pennsylvania total 397
New YorkS

Cattaraugus Creek at Gowanda. N.Y. 436 743 1.70 3.51
Buffalo River at Buffalo, N.Y. (not gaged) 374 571 1.53 2.69
Buffalo Creek at Gardenville, N.Y. (142) 204 1.44 (.96)
Cayuga Creek near Lancaster, N.Y. (96.4) (134) 1.39 (.63)
Cazenovia Creek at Ebenezer, N.Y. (135) (233) 1.73 (1.10)
Tonawanda Creek at Rapids, N.Y. 349 400 1.15 1.89
Ungaged streams in New York 494 908 1.83 4.28
New York total 12.37

'Blumer and others, 1995, “Stewart and others, 1993. 3Shindel and others, 1981. *Shindel and others, 1995. *Lescinski and others, 1994. SHornlein

and others, 1994,

the uplands and orchards and vineyards near the lake
(fig. 10). The major urban area is Painesville, Ohio, at
the mouth of the Grand River at Lake Erie. The Chagrin
and Grand Rivers are warmwater habitats that contain
diverse bivalve and warmwater fish communities. Both
rivers are seasonal habitats for Great Lakes salmonids
such as steelhead. An impoundment on a tributary to
the Grand River is the water supply for Rome, Ohio.

The Ashtabula River drains 137 mi> and Con-
neaut Creek drains 189 mi2, both in extreme northeast-
ern Ohio and northwestern Pennsylvania (fig. 14; table
8). The two streams are underlain by Devonian shale
that is mantled by a thin till. Land use is predominantly

pasture and forage crops (fig. 10). Ashtabula, Ohio, the
major urban area, is at the mouth of the Ashtabula River
near Lake Erie. Major industries in Ashtabula are
industrial-chemical production. Although Erie, Pa., is
near these streams, it is drained by several small
streams that are direct tributaries to Lake Erie.
Cattaraugus Creek drains a 552 mi> area to the
eastern basin of Lake Erie (fig. 14: table 8) and is the
principal stream tributary to the eastern basin of Lake
Erie (the area from Erie, Pa., to the outflow at the Nia-
gara River near Buffalo, N.Y.) The Cattaraugus Creek
Basin is underlain by Devonian shale and thin till in the
uplands; but in the valleys, coarse-grained stratified
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drift and alluvium fill buried valleys cut into the Devo-
nian shale. Cattaraugus Creek and adjacent creeks pro-
vide seasonal habitats for Great Lakes salmonids. The
Cattaraugus Creek Basin is in the coolest and wettest
part of the Lake Erie-Lake St. Clair Basin.

Streams tributary to the Niagara River

Streams tributary to the Niagara River are in the
easternmost part of the Central Lowland province;
however, their headwaters form in the Appalachian Pla-
teaus Province. These streams drain areas of Silurian
and Devonian limestone and Devonian shale overlain
by till ranging in thickness from 0 to 100 ft. The Buf-
falo River is a tributary to Lake Erie and is a relatively
short stream formed by the confluence of Buffalo,
Cayuga, and Cazenovia Creeks (fig. 14). Buffalo Creek
drains 144 mi’, Cayuga Creek drains 96.4 mi’, and
Cazenovia Creek drains 135 mi” (table 8). Tonawanda
Creek is in the easternmost part of the basin and drains
352 mi> to the Niagara River. Land use in the Buffalo
River and Tonawanda Creek Basins is predominantly
urban; Buffalo and Niagara Falls, N.Y., are the major
cities (fig. 10). Petrochemical, steel, industrial-chemi-
cal, and agricultural-chemical production are the major
industries.

Hydrologic characteristics

The streams of the Lake Erie-Lake St. Clair
Basin receive most of their flow from precipitation.
Very little water is transferred into or out of the basin.
Two small but noteworthy interbasin transfers are at
Grand Lake St. Marys, an impoundment of the St.
Marys River in northwestern Ohio, and at Summit
Lake, an impoundment of the Little Cuyahoga River in
northeastern Ohio. At these two locations, water is
transferred between the Lake Erie and Ohio River
Basins through the old Ohio Canal system. At
Tonawanda Creek, near Buffalo, N.Y., water is trans-
ferred out of the Lake Erie Basin and into the Lake
Ontario Basin by diversion into the Erie Barge Canal.

Unit runoff is a normalized value for stream run-
off that is weighted by the area of the contributing
drainage basin and expressed in cubic feet per second
per square mile. Unit runoff increases from west to east
in the Lake Erie-Lake St. Clair Basin. Unit runoff from
subbasins of equal size is nearly three times less in the
western part of the basin than in the eastern part. For
example, unit runoff in the Black River in Michigan is
0.64 ft*/s/mi” compared to 1.70 ft*/s/mi” in the Catt-

araugus Creek in New York. Unit runoff typically
decreases as drainage-area size increases (table 8). Unit
runoff values for streams tributary to the Maumee
River, such as the St. Joseph, St. Marys, and Tiffin Riv-
ers, are higher than the unit runoff values for the
Maumee River. Unit runoff from the Auglaize River,
the largest tributary to the Maumee River, is similar to
that of the main stem at Waterville, Ohio (table 8).

Runoff, expressed as inches of water discharged
from a drainage basin per unit area, increases from west
to east in the Lake Erie-Lake St. Clair Basin (fig. 15).
This gradient in runoff is attributable to climate (tem-
perature and precipitation patterns), soils, and topo-
graphic relief. Runoff (in inches) in streams of the Lake
Erie-Lake St. Clair Basin is about 30 to 50 percent of
precipitation (table 7).

Streamflow at many streams in the basin is high-
est during February, March, and April and lowest dur-
ing September and October (fig. 16). For example, the
highest mean monthly streamflows for the period
1964-93 for the Maumee River at Waterville, Ohio,
were in February, March, and April, whereas the lowest
streamflows were in August, September, and October.
The highest mean monthly streamflows for the same
period for the Cattaraugus Creek at Gowanda, N.Y.,
were in March and April, and the lowest were in August
and September.

Variations in mean annual streamflow in the
Lake Erie-Lake St. Clair Basin can differ by a factor of
2 to 10 between dry and wet years (fig. 17). For exam-
ple, mean annual streamflow of the Clinton River at Mt.
Clemens, Mich. (in the driest part of the basin), ranged
from a low of 230 ft*/s in 1964 to a high of 929 ft'/s in
1974. Similarly, mean annual streamflow of the
Maumee River at Waterville, Ohio (the largest stream
in the basin), ranged from a low of 849 ft3/sin 1931 to
a high of 8,286 ft3/s in 1950. For Cattaraugus Creek at
Gowanda, N.Y., in the coolest and wettest part of the
basin, mean annual streamflow ranged from 536 ft’/s in
1949 to 1,030 ft/s in 1977.

Floods and Droughts

Floods are a natural part of the hydrology of a
stream; they transport nutrients and sediments to flood
plains, recharge ground water to unconsolidated and
bedrock aquifers, and determine the dimensions, form,
and meander of the stream channel and the width and
other physical features of the flood plain. Flood-control
structures in the Lake Erie-Lake St. Clair Basin are
uncommon because the topography of the area is gen-
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protected. These wetlands support 12 unique habitats
that vary with depth along deltaic distributary channels,
storm deposits, and bays (Robbins and others, 1994).
Descriptions of the Michigan part of the St. Clair River
Delta Wetlands are given in Edsall and others (1988).

The largest wetland in the basin historically was
the Black Swamp, a forested wetland one-third the size
of the original Everglades. The Black Swamp origi-
nally covered an area of about 1,500 mi”, was 30 to 40
mi wide, and extended 120 mi from Lake Erie at
Toledo, Ohio, to Fort Wayne, Ind. In its original range,
the Black Swamp was contained within the southern
limit of Lake Maumee, a glacial lake that existed about
12,000 years B.P.

Many settlers came to farm the rich soils of
northwestern Ohio in the decades after the War of 1812
but were impeded by the Black Swamp. Logging in the
1850’s and 1860’s began to remove original swamp
forest, and the cleared land was ready for agricultural
development. During the 1870’s, farmers began to dig
canals and ditches through their fields to improve
drainage (Campbell, 1995). By 1870, the Black Swamp
was half cleared of trees. By 1900, most of the Black
Swamp was cleared and drained. Before drainage, the
waters were reported to be clear; with drainage, the
“springs and streams that had once run drinkably clear
either disappeared or choked on runoff from ploughed
fields and eroded banks™ (Campbell, 1995, p. 107).
Wetland plant species such as wild rice, which for-
merly grew in Maumee and Sandusky Bays, were lost,
as the needed sunlight failed to penetrate the waters.
Today, more than 90 percent of the original wetlands in

the Lake Erie-Lake St. Clair Basin have been drained
for predominantly agricultural uses (The Nature Con-
servancy, 1994; Lafferty, 1979). Some of the unique
forested wetlands of the Black Swamp are preserved at
Ottawa National Wildlife Refuge, east of Toledo, Ohio.

Several smaller coastal marshes line the south-
western shore of Lake Erie from the mouth of the
Detroit River to Sandusky, Ohio. These are the Point
Mouillee Marshes, near Rockwood, Mich.; Metzger
Marsh and Cedar Point National Wildlife Refuges near
Toledo, Ohio; Ottawa National Wildlife Refuge and
Magee Marsh, west of Sandusky, Ohio; Winous Point
Marsh on Sandusky Bay; and Old Woman's Creek
National Estuarine Research Reserve west of Cleve-
land, Ohio. Relatively fewer coastal marshes are along
the northeastern shore of the lake. Mentor Marsh in
northeastern Ohio and Presque Ilse-Erie City Wetland
Complex near Erie, Pa., are important coastal wetlands
(Lafferty, 1979; Robbins and others, 1994).

There has been an almost complete loss of
coastal wetlands in the Lake Erie Basin in western New
York. At one time, much of the land from Buffalo south
to Lackawanna, N.Y., was a cattail marsh that formed
on the delta of the Buffalo River where it drained into
Lake Erie (Robbins and others, 1994). Most of this
wetland has been filled for other purposes. The 75-acre
Tiftt Farm Nature Preserve has been established to pro-
tect the remaining habitats: open-water ponds: wet,
grassy meadows; thick, bushy, wet areas called shrub
carrs; and forested wetlands.
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Table 9. Chronology of major floods and droughts in the Lake Erie-Lake St. Clair Basin, 1904-94
[Data from Paulson and others, 1991: recurrence interval is the average interval of time within which streamflow will be greater than a particular
value for floods or less than a particular value for droughts]

Recurrence
Flood or
Date Area affected interval Remarks
drought
(years)
Michigan
Flood Mar. 24— River Raisin and Huron 25 to >100 Rain on snowpack and frozen soils. Damage, $2
27, 1904 River Basins million; 1 death.
Drought 1930-37 Statewide (Michigan) 50to 70 Most severe in State’s history. In 1930, precipitation
9 inches less than normal.
Drought 193942 Lower Peninsula 15 to > 50 Alternating periods of normal and less than normal
precipitation. Crop damage in 1941.
Flood Apr. 4-11, Clinton River and 25t0 100 Most damaging since 1904. Result of thunderstorms
1947 River Rouge Basin and snowmelt.
Drought 1952-56 Statewide (Michigan) 5to25 Temperatures greater than normal for 4 years. In
1953, precipitation 9 inches less than normal.
Drought 1960-67 Statewide (Michigan) 40 to 65 Second longest of record. Precipitation least since
1931.
Flood June 25— Clinton, Huron, and 10 to 100 Worst since 1947, Several dams breached. Overland
27,1968 River Raisin Basins flooding, sewer backup, and basement flooding of
about 4,000 structures. Lives lost, 4: damage, $11.5
million.
Drought 1976-80 Statewide (Michigan) 10to 20 Eased in 1979 in northern Lower Peninsula.
Flood Mar. 14— River Raisin Basin 10 to > 100 Severe in multistate area. Two counties declared
24,1982 disaster areas. Lives lost. 1.
Drought 1986-89 Statewide (Michigan) Unknown New streamflow minimums at many sites. Contin-
ued in northern Lower Peninsula in 1989.
Indiana
Flood Mar. 1913 Statewide (Indiana) 25 to >100 Worst in Indiana history. Multistate flood. Lives
lost, at least 90; damage, $15 million.
Drought Mar. 1930~  Statewide (Indiana) 10 to 20 Began decade of low-flow conditions. Streamflow
Aug. 1931 generally less than 7-day, 10-year value in central
and northern Indiana.
Drought June 1933—  Statewide (Indiana) 2510 60 Streamflow less than 7 day, 10-year value in central
Sept. 1936 and northern Indiana.
Drought May 1939—  Statewide (Indiana) 20 to 60 Central Indiana severely affected. Most streamflows
Jan, 1942 less than 7-day, 10-year value.
Drought Apr. 1952—-  Statewide (Indiana) 10 to 60 Streamflow less than 7-day, 10-year value. Broken
Mar. 1957 in northern Indiana in Oct. 1954 by floods.
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Table 9. Chronology of major floods and droughts in the Lake Erie-Lake St. Clair Basin, 1904-94—Continued

[Data from Paulson and others, 1991; recurrence interval is the average interval of time within which streamflow will be greater than a particular

value for floods or less than a particular value for droughts]

Recurrence
Flood or
Date Area affected interval Remarks
drought
(years)
Flood Jan.—Feb. Maumee River 5to> 50 Caused by runoff from rainfall on frozen ground
1959 during two storms. Ice jams on larger rivers. Lives
lost, 3.
Drought Apr. 1962-  Statewide (Indiana) 20 to 60 Streamflow less than 7-day, 10-year value. Floods
Nov. 1966 occurred in 1963 and 1964 in central and southern
Indiana.

Flood Mar. 1978 Maumee River 5to>50 Rainfall and melting snow from the “Blizzard of
1978 Extensive damage in Fort Wayne. Damage,
$11 million.

Flood Mar. 1982 St. Joseph and Maumee 5to> 100 Rapid melting of dense snowpack and rainfall.

River Basins Damage in Fort Wayne, $51 million.
Drought 1986-1988 Statewide (Indiana) Unknown Affected agriculture, water supply, and electric-
power generation.
Ohio
Flood Mar. 24— Statewide (Ohio) 50 to > 100 Largest of record in Ohio. Multistate, caused by
Apr. 8, intense rain. Deaths, 467: damage, $143 million.
1913

Drought 1930-36 Statewide (Ohio) 20t0 70 Regional, with serious water shortages; loss of gross
farm income estimated at $58 million during 1930.

Drought 193946 Statewide (Ohio) 15 to 60 Serious water shortages.

Drought 1952-57 Statewide (Ohio) 10 to 60 Regional; more severe in southwestern Ohio than
drought of 1930-36.

Flood Jan. 21-24,  Wide band extending 2to> 100 Intense rain on frozen, snow-covered ground.

1959 from southwestern to Deaths, 16; damage, $101 million.
northeastern Ohio
Drought 1959-68 Statewide (Ohio) 10 to 60 Most severe in east-central and northwestern Ohio.
Flood July 4-8, Huron River and Black 25 to >100 Most intense and widespread summer thunder-
1969 Rivers storms recorded in Ohio. Deaths, 41; damage, $66
million.

Drought 1975-77 Auglaize River 5to 15 Mild: interrupted period of greater than average
streamflow (1968-87).

Flood June 13- Blanchard River 25 to > 100 Locally intense rain on saturated ground: 25 percent

15,1981 of Findlay flooded. 55 percent of Ottawa flooded.
Damage, $35 million.
Drought 1988 Statewide (Ohio) Unknown Short but severe. Rapid declines in streamflow,

ground-water levels, and reservoir levels. Manda-
tory water-use restrictions instituted in many munic-
ipalities.
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Table 9. Chronology of major floods and droughts in the Lake Erie-Lake St. Clair Basin, 1904-94—Continued

[Data from Paulson and others, 1991: recurrence interval is the average interval of time within which streamflow will be greater than a particular

value for floods or less than a particular value for droughts]

Recurrence
Flood or
Date Area affected interval Remarks
drought
(years)
Pennsylvania

Drought 1930-34 Statewide and regional >25 Serious water shortage.

Drought 193942 Statewide and regional 10 to > 50 Severe water shortage within entire region.

Drought 1961-67 Statewide and regional 10 to >50 Northeastern United States drought. Critical water
shortage throughout entire region.

Flood June 20— Statewide (Pennsylva- 50 to >100 Hurricane Agnes. Most destructive natural disaster

25.1972 nia) in Pennsylvania in terms of property damage and
area affected. Entire state declared a disaster area.
Deaths. 48: damage $2.1 billion, or about two-thirds
of the total damage caused by Hurricane Agnes.
New York
Drought 1919-26 Western and central 10 to >25 Allegheny River Basin most affected.
New York

Drought 1930-35 Statewide (New York) 10 to >25 Regional.

Drought 193912 Statewide (New York) 10 to >25 Regional.

Drought 1960-68 Statewide (New York) 35-80 Regional; serious water shortages. New York's most
severe drought.

Flood June 20- Western and central 25 to >100 Hurricane Agnes. Deaths. 24: damage, $703 mil-

’ 25,1972 New York lion.
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Table 10. Reservoirs in the Lake Erie-Lake St. Clair Basin with a normal capacity of at least 5,000 acre-feet
or a maximum capacity of at least 25,000 acre-feet

[Data from Ruddy and Hitt, 1990; C, flood control; H, hydroelectric: O, other; R, recreation: S, water supply: —, no data]

Name of reservoir

Capacity (acre-feet)

Surface Drainage  Year

(name of Hydlll'zli:)glc |I;?ltlti:'::/ : area area com- Use
impounded stream) gitude  Normal Maximum (acres) (acres) pleted
Michigan
Barton Pond 42°18° 30"/
(Huron River) 04090005 83°45° 127 6,362 7,298 302 308 1920 RSCH
Belleville Lake 41°12° 547/
(Huron River) 04090005 83°26" 48 17,780 25,225 1,280 825 1920 RCH
Ford Lake 42012718
(Huron River) 04090005 8393330 128.867 31,729 917 87 1932 HRCS
Kent Lake 42°30" 48/
(Huron River) 04090005 83°40° 30" 9.600 12,000 1,000 148 1946 R
Lake Columbia 42°05° 007/
(Goose Creek) 04100002 84° 19’ 30” 56.000 73,000 800 — 1961 R
Lake Hudson 41°49° 30"/
(Bean Creek) 04100006 84° 15 427 5368 8.917 — — 1972 R
Oxbow Lake 42°38'24°/
(Huron River) 04090005 83° 28" 54~ 6.900 8.300 270 — 1964 R
Stony Creek Lake 42943 00"/
(Stony Creek) 04090003 83° 05’ 24" 5.000 7.750 608 68 1961 R
Ohio

Bressler Upground Res-
ervoir 40° 44 127/
(Auglaize River) 04100007 84° 14° 00~ 12.634 15.074 582 —— 1969 SR
Defiance Reservoir 43° 147 18/
(Auglaize River) 04100007 84° 24° 00 10.800 15.000 1,240 2,329 1913 HR
Ferguson Upground
Reservoir 40° 44° 187/
(Lost Creek) 04100007 84° 02" 367 6,900 8.209 309 <1 1958 SR
Findlay Upground
Reservoir 41°00° 36"/
(Blanchard River) 04100008 83° 34" 18" 16.368 19,478 600 — 1971 SR
Killdeer Upground
Reservoir 40° 42° 00"/
(Tymochtee Creek) 04100011  83°22°48" 6.674 7.700 253 <1 1972 RS
La Due Reservoir 41°24° 247/
(Bridge Creek) 04110002 g1°11° 127 18.100 41.300 1.500 28 1961 SR
Lake Rockwell 41°11° 00/
(Cuyahoga River) 04110002 81° 19" 54" 8.172 18.250 769 207 1915 SR
Mogadore Reservoir 41°03° 30"/
(Little Cuyahoga River) 04110002 8192248 7.000 21.000 900 14 1938 RSC
Roaming Rock Shores
Lake 41°39° 18"/
(Rock Creek) 04110004 80° 50" 24> 6,091 10.594 460 74 1967 SR
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Table 10. Reservoirs in the Lake Erie-Lake St. Clair Basin with a normal capacity of at least 5,000 acre-feet
or a maximum capacity of at least 25,000 acre-feet—Continued

[Data from Ruddy and Hitt, 1990; C, flood control: H, hydroelectric; O, other: R. recreation; S, water supply; —, no data]

Name of reservoir Hydrologic Latitude/ Capacity (acre-feet) Surface Drainage  Year

) (name of unit longitude - area area com- Use

impounded stream) Normal Maximum (acres) (acres) pleted

Willard City Reservoir

{West Branch Huron 41°03" 247/

River) 04100012 82°39' 54 7.087 7,628 212 — 1971 SOR

New York

Lewiston Lake 43° 08" 367/

(Niagara River) 04120104 79°01" 18 60.000 60,000 — — 1960 H
Aquifers The next most common glacial sediments are

Ground water in the Lake Erie-Lake St. Clair
Basin can be obtained from wells that derive their water
supply from glacial deposits and bedrock aquifers. The
aquifers that are composed of glacial deposits are the
uppermost, the most widespread, the most extensively
used, and the most easily accessible within the basin.
Aquifers are present at the bedrock surface but also
extend into the subsurface and can yield substantial
quantities of water in a much larger area than the bed-
rock outcrop. Summary information on aquifers and
confining units is listed for the Lake Erie-Lake St. Clair
Basin in table 11 with regard to rock or sediment type,
range of reported well yields, and hydrogeologic-unit
classification. In the paragraphs that follow, aquifers
and confining units are described generally in order of
increasing depth, starting with unconsolidated glacial
deposits.

Quaternary Deposits

Three major classifications of glacial deposits
are found in the Lake Erie-Lake St. Clair Basin: till,
fine-grained stratified sediments, and coarse-grained
stratified sediments. Till is the primary glacial material
within the basin (Soller, 1993; Soller, in press).
Hydraulic conductivities of tills range from 10 to 3 ft/
d, and yields of wells completed in tills range from O to
20 gal/min (Schiner and Gallaher, 1979; Prudic, 1986;
Stephenson and others, 1988). Wells that produce suf-
ficient quantities of water from tills generally intersect
thin layers or lenses of sand and gravel that are present
at some locations. Till aquifers such as those described
are found in the St. Joseph River Basin in northeastern
Indiana and northwestern Ohio.

fine-grained stratified sediments, which include bedded
clay, silt, and very fine sand; for these sediments
hydraulic conductivities range from 10 to 1073 fv/d,
and well yields range from O to 3 gal/min (La Sala,
1968; Crowell, 1979; Schiner and Gallaher 1979; Hart-
zell, 1980; Stephenson and others, 1988). Again, some
wells that are completed in fine-grained stratified sedi-
ments may intersect thin layers or lenses of sand and
gravel and may produce an adequate supply of water at
some locations.

The least common glacial sediments are the
coarse-grained stratified sediments, which include
sand, gravel, alluvium, and some silt and clay (Soller,
1993; Soller, in press). For these sediments, hydraulic
conductivities range from 1072 to 300 ft/d, and well
yields range from 0.3 to 2,050 gal/min (La Sala, 1968;
Schiner and Gallaher, 1979; Stephenson and others,
1988). Ground-water flow in the coarse-grained strati-
fied sediments is through intergranular openings that
can be limited in size by the presence of clay, silt, and
very fine sand. Examples of the aquifers in the Lake
Erie-Lake St. Clair Basin are in the end-moraine areas
of southeastern Michigan.

Hydrologic data for glacial deposits considered
to be aquifers in the Midwestern Basins and Arches
Regional Aquifer-System Analysis study area (western
Ohio, eastern Indiana, and southeastern Michigan)
were compiled by Joseph and Eberts (1994). Transmis-
sivities reported for all glacial deposits, as determined
from aquifer tests, range from 1.5 to 69,700 ft2/d
(Joseph and Eberts,1994). Where the Devonian and
Mississippian shales and siltstones have been eroded,
the overlying glacial sediments can confine the Silurian
and Devonian carbonate-rock aquifer; in some areas,
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Table 11. Aquifers and confining units within the Lake Erie-Lake St. Clair Basin

[gal/min, gallons per minute; D. meager yields but sufficient for domestic supply if no other aquifer is available; NR, no reported yields. Reference
numbers in parentheses in the yield column refer to the footnotes at end of table]

Unit

Rock or sediment type

Range of reported well
yield (gal/min)

Hydrogeologic
classification

Unconsolidated sediments

Pottsville Group

Michigan Formation

Marshall Sandstone
Coldwater and Sunbury Shales

Shenango Formation

Cuyahoga Formation

Cuyahoga Group

Sunbury Shale

Berea Sandstone:
Southeastern Michigan

Northwestern Ohio
Northeastern Ohio
Northwestern Pennsylvania

Ellsworth, Bedford, Antrim, and
Ohio Shales and Conewango,

Till
Fine-grained sediment

Coarse-grained sedi-
ment

Sandstone

Interbedded shale and
sandstone

Sandstone
Shale

Interbedded sandstone,
siltstone, and shale

Interbedded shale and
sandstone

Shale, siltstone, and
lenses of sandstone

Shale

Sandstone and shale
Sandstone and shale
Sandstone

Silty sandstone

Shale and siltstone

Conneaut, Canadaway, West Falls,

Sonyea, and Genesee Groups

Cussewago Sandstone

Silurian and Devonian carbonates

Sandstone

Limestone, dolomite,
and evaporites

0-20 (151220,

0-3 (93 15821)

0.3-2.050 (° 1621

10-25 (18

NR (12

900-1,000 (1224
D (12 24)

2-80 (16)

3-10 (76 27)

5-62 (1%)

NR (12 24)

D (4 1011 12)

NR (%)
1-100 ()

1-50 (15 16
0-2:D (2794101123187 112,

1-200 (1+16)

25-500 (9 185 6)

Aquifer and confining unit
Aquifer and confining unit

Aquifer

Aquifer

Confining unit

Aquifer
Confining unit

Aquifer

Aquifer

Aquifer

Confining unit

Aquifer and confining unit
Aquifer
Aquifer
Aquifer

Confining unit

Aquifer

Aquifer

! Bailey and Imbrigiotta (1982).
2 Coen (1989).

3 Crowell (1979).

*+ Fleck (1980).

5 Hallfrisch {1986a).

6 Hallfrisch (1986b).

7 Hartke and others (1980).

8 Hartzell (1980).
9 La Sala (1968).
10 Mozola (1969).
' Mozola (1970).
12 Olcott (1992).
13 prudic (1986).
4 Rau (1969).

15 Richards and others (1987).

16 Schiner and Gallaher (1979).
17 Schmidt (1954).

18 Sedam (1973).

19 Schimidt (1980).

20 Smith and Schmidt (1953).

=1 Stephenson and others (1988).

22 Walker (1953).

3 Walker and Schmidt (1953
>+ Westjohn and Weaver (1994).
25 Westjohn and others (1990).
26 Winslow and White (1966).
7 Winslow and others (1953).
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however, the Silurian and Devonian carbonate-rock
aquifer is unconfined (S.M. Eberts, U.S. Geological
Survey, written commun., 1992).

As can be inferred from the preceding discus-
sion, the glacial deposits in the Lake Erie-Lake St.
Clair Basin are heterogeneous mixtures of sediments.
This relatively nonuniform configuration of sediments
that have a wide range of hydraulic properties (as com-
pared to specific consolidated rock units) makes the
description of regional ground-water flow directions
impossible. Only in specific areas where a high degree
certainty about the configuration and composition of
these sediments is known can accurate predictions of
the direction ground-water flow be made. In general,
however, regional to subregional ground-water flow is
from topographically high areas toward topographi-
cally low areas that contain streams, rivers, and lakes or
ponds.

A system of buried river valleys filled with vari-
ous lacustrine, alluvial, and glacial deposits is present
in the Lake Erie-Lake St. Clair Basin (fig. 7). These
buried river valleys have several types of aquifer con-
figuration, depending on location and origin. In areas
where the buried-valley aquifers consist of lenses of
coarse-grained material that are buried by less perme-
able, fine-grained materials and till, reported well
yields range from less than 1 to 35 gal/min (Winslow
and White, 1966; La Sala, 1968). Well yields have been
reported to be as large as 1,000 gal/min from coarse-
grained materials at a depth of 100 to 125 ft below land
surface in the Cuyahoga River Valley (Winslow and
White, 1966; Ford, 1987; Totten, 1988). In the
Tonawanda Creek Valley, coarse-grained material
reportedly extends to a depth of 70 ft below land sur-
face and is capable of yielding 1,000 to 1,400 gal/min
(La Sala, 1968). These large well yields are related not
only to the nature of the material but also to the amount
of water that can recharge the unconsolidated aquifer
from precipitation, infiltration, and flow of ground
water from the surrounding bedrock.

In some areas within the buried river valleys, the
glacial sediments consist principally of fine-grained
deposits and till. Yields in these areas are generally less
than 10 gal/min, and many boreholes fail to penetrate
materials coarse enough for the development of a
domestic source of supply (Winslow and White, 1966).

Bedrock units considered in the remainder of this
section are described as aquifers, confining units, or
both. Because the compilation is on a regional scale,
the hydrogeologic classifications are only generalized

indicators of potential yield. The hydraulic properties
of these aquifers and confining units are given in
greater detail in the following paragraphs, in order of
west to east within each major time-stratigraphic divi-
sion.

Pennsylvanian Units

Hydrologic data for the Pottsvilte Group in
northeastern Ohio were compiled by Sedam (1973).
Transmissivities reported for the Pottsville Group, as
determined from specific-capacity data derived from
drillers’ logs, range from 160 to 610 ft*/d. Wells com-
pleted in the Pottsville Group in northeastern Ohio gen-
erally yield 10 to 25 gal/min, but yields exceed 25 gal/
min in some locations. In areas where yields exceed 25
gal/min, poor cementation may increase the effective
porosity, and secondary openings (such as joints and
fractures or the primary pore spaces between sand
grains) may be enlarged by solution. Elsewhere, the
Pottsville Group yields less than 10 gal/min, probably
where shale lenses are interbedded with the sandstone
or primary porosity has been reduced by increased
cementation within the sandstone (Sedam, 1973).

Generalized regional ground-water flow in the
Pottsville Group was described by Eberts (1991) to be
from areas of high water levels, located generally in a
topographically high position, to areas of low water
levels in topographically lower valleys. The general
direction of ground-water flow is radially away from
the topographic highs and into the glacial deposits in
the valleys (Eberts, 1991).

Mississippian Units

The Michigan Formation in southeastern Michi-
gan is described as a confining unit by Olcott (1992)
and by Westjohn and Weaver (1994). The determina-
tion that the Michigan Formation is a confining unit is
based on evidence from the oil and natural gas industry
in Michigan. In the central part of the Michigan Basin,
the Michigan Formation functions as a stratigraphic
trap for reservoirs of natural gas in the underlying Mar-
shall Sandstone. Small quantities of water for domestic
use may be developed from fractures at or near the bed-
rock surface.

The Marshall Sandstone in southeastern Michi-
gan is described as an aquifer unit by Olcott (1992) and
by Westjohn and Weaver (1994). Transmissivities of
the Marshall Sandstone determined from aquifer tests
range from 2,700 to 29,000 ft>/d. The highest transmis-
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sivities are found within or close to the subcrop of the
aquifer, where it contains the largest and most abundant
fractures and bedding-plane partings. Well yields in the
subcrop area of the aquifer range from 900 to 1,000 gal/
min (Olcott, 1992). The Marshall aquifer is primarily
confined or semiconfined, but it is unconfined locally
where it is exposed at the bedrock surface and the over-
lying glacial deposits are not fine grained.

The Coldwater and Sunbury Shales in northeast-
ern Indiana and southeastern Michigan are described as
a confining unit by Olcott (1992) and Casey (in press
c¢). Hydrologic data for the Mississippian shales and
siltstones are not known to have been published. West-
john and others (1990) made porosity and hydraulic
conductivity measurements on cores obtained from the
base of the Marshall Sandstone. They concluded that
vertical and horizontal hydraulic conductivities were
two to three orders of magnitude less than those of the
overlying permeable sandstone: “Shales that form the
bulk of the Coldwater confining unit are assumed to
have lower hydraulic conductivities than the micaceous
sandstone/siltstones at the base of the Marshall aquifer
* * % (Westjohn and Weaver, 1994; p. 24). In places,
small quantities of water for domestic use can be devel-
oped from fractures at or near the bedrock surface.

The Shenango Formation in northwestern Penn-
sylvania was described by Schiner and Gallaher (1979)
as an aquifer unit that will generally produce water of
sufficient quantity and quality for domestic and some
commercial use. They reported that yields of wells
completed in the Shenango Formation range from 2 to
80 gal/min and that the median yield is 20 gal/min
(Schiner and Gallaher, 1979). The most important con-
trols for yields from Shenango Formation in northwest-
ern Pennsylvania are the amount of fracturing, the
lithology. and the composition of the overlying glacial
materials.

The Cuyahoga Formation in northeastern Ohio is
divided into three lithologic units, but the water-bear-
ing characteristics of these units are similar (Winslow
and White, 1966). Wells in the Cuyahoga Formation
yield from 3 to 10 gal/min and are generally used for
domestic purposes. The Cuyahoga Formation is not as
productive an aquifer as the underlying Berea Sand-
stone; for that reason, many wells are drilled through
the Cuyahoga Formation and are completed in the
Berea Sandstone. Ground-water flow in the Cuyahoga
Formation is controlled by secondary permeability due
to fractures, bedding-plane partings, and openings

along unconformity surfaces within the formation
(Winslow and others, 1953).

The Cuyahoga Group in northwestern Pennsyl-
vania is described by Richards and others (1987) as an
aquifer unit that will generally produce water of suffi-
cient quantity and quality for domestic and some com-
mercial use. They reported that yields of wells
completed in the Cuyahoga Group range from 5 to 62
gal/min and that the median yield is 13.5 gal/min. In
places where a more sandy-shale or a sandstone facies
is at or near the bedrock surface, the aquifer is more
productive than where a siltstone or a shale facies is
near the bedrock surface (Richards and others, 1987).

The Sunbury Shale in northeastern Ohio is con-
sidered to be a confining unit. Hydrologic data for the
Sunbury Shale are not known to have been published.
In places, small quantities of water for domestic use
can be developed from fractures at or near the bedrock
surface.

The Berea Sandstone in southeastern Michigan
has been called an aquifer by Mozola (1969; 1970) and
Fleck (1980); however, Olcott (1992) calls the Berea
Sandstone part of a regional confining unit. The dis-
crepant opinions among these authors may be due to
the scale at which the Berea Sandstone was studied.
Mozola and Fleck analyzed data at the county level,
whereas Olcott analyzed data at a regional scale.
Locally, small quantities of water for domestic use may
be developed from intergranular porosity or from bed-
ding-plane partings and fractures at or near the bedrock
surface. Hydrologic data for the Berea Sandstone in
southwestern Michigan are not known to have been
published.

The Berea Sandstone in northwestern Ohio is
deeply buried by glacial sediments in many places, so
itis generally not used as a ground-water source (Coen,
1989). Hydrologic data for the Berea Sandstone in
northwestern Ohio are not known to have been pub-
lished. Locally, where the Berea Sandstone is at or near
the bedrock surface, small quantities of water for
domestic use can be developed from intergranular
porosity or from bedding-plane partings and fractures.

In northeastern Ohio, the Berea Sandstone is a
productive aquifer. Rau (1969) reported that the yield
of wells completed in the Berea Sandstone averages
about 18 gal/min and ranges from 1 to 100 gal/min.
This large range in well yields can be a result of the
thickness and the porosity of the Berea Sandstone and
the permeability of the overlying material. Where the
Berea Sandstone is as much as 150 ft thick and overlain
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by saturated permeable glacial materials, well yields
generally range from 25 to 50 gal/min and can be as
high as 100 gal/min. In areas where the Berea Sand-
stone is thin or has reduced porosity or where the over-
lying bedrock or glacial materials are poorly
permeable, well yields range from 1 to 10 gal/min.
Average transmissivities for the Berea Sandstone range
from 140 to 900 ft*/d (Rau, 1969).

The Berea Sandstone in northwestern Pennsyl-
vania is described by Schiner and Gallaher (1979) and
Richards and others (1987) as an aquifer unit that will
generally produce water of sufficient quantity and qual-
ity for domestic and some commercial use. They
reported that yields of wells completed in the Berea
Sandstone range from 1 to 50 gal/min and that median
yield is 8 gal/min. Here, the Berea Sandstone is finer
grained than in northeastern Ohio, so ground-water
flow is primarily through fractures and bedding-plane
partings (Richards and others, 1987).

Lower Mississippian and Upper Devonian Units

In northeastern Indiana, southeastern Michigan,
northwestern Ohio, northeastern Ohio, and western
New York, the remaining Lower Mississippian and
Upper Devonian shales and siltstones are described as
confining units or unproductive aquifers (Winslow and
others, 1953; La Sala, 1968; Mozola, 1969, 1970;
Fleck, 1980; Olcott, 1992; Casey, in press c). These
lithologic units include the Ellsworth Shale, the Bed-
ford Shale, the Antrim Shale, the Ohio Shale, and the
Conewango, Conneaut, Canadaway, West Falls, Son-
yea, and Genesee Groups. Hydrologic data for the
Devonian and Mississippian shales and siltstones are
sparse, but some vertical and horizontal hydraulic con-
ductivities have been determined from analysis of cores
collected from the Devonian shales in Ohio. Horizontal
and vertical matrix permeabilities determined for cores
from two wells drilled into the Ohio Shale ranged from
10 to 10”7 fvd (unpublished data maintained in the
files of the U.S. Geological Survey, Columbus, Ohio)
and are similar to those reported for shales by Heath
(1983). In Ohio and Indiana, the Devonian and Missis-
sippian shales and siltstones have been described as
having a very low effective porosity (Bailey and Imbri-
giotta, 1982; Coen, 1989). Yields of water wells com-
pleted in the Devonian and Mississippian shales and
siltstones typically are low (less than 2 gal/min), and
dry holes are common (Smith and Schmidt, 1953;
Walker and Schmidt, 1953; Walker, 1953; Schmidt,

1954; La Sala, 1968; Hartke and others. 1980; Bailey
and Imbrigiotta, 1982).

In easternmost northeastern Ohio and northwest-
ern Pennsylvania, the Cussewago Sandstone (the basal
Mississippian section) is a productive aquifer (Rau,
1969; Schiner and Gallaher, 1979). Yields from the
Cussewago Sandstone in northeastern Ohio generally
range trom 1 to 100 gal/min and are 200 gal/min in
places: average yield is 26 gal/min (Rau, 1969). Low
yields can be expected in areas where the Cussewago
Sandstone is thin and only partially saturated, well
cemented, or overlain by a moderate amount of shale or
poorly permeable glacial materials. High yields from
the Cussewago Sandstone are found in areas where the
aquifer is composed of thick channel sand deposits or
is overlain by permeable glacial materials (Rau, 1969).

In northwestern Pennsylvania, yields from the
Cussewago Sandstone range from less than 1 to 130
gal/min, and the median yield is 20 gal/min. High
yields from the Cussewago Sandstone are found in
areas where the unit is thick, poorly cemented, and
overlain by permeable glacial deposits. Low yields can
be expected in areas where the aquifer is thin, well
cemented, and overlain by till or more than about 200
ft of shale (Schiner and Gallaher, 1979).

Devonian and Silurian Units

The units underlying the Lower Mississippian
and Upper Devonian shales and siltstones constitute a
regionally extensive carbonate-rock aquifer. The per-
meability of a carbonate rock is the result of primary
openings that form when the carbonate sediment is
deposited or precipitated and secondary openings that
form after the sediment has been lithified. The carbon-
ate rocks that form the Silurian and Devonian carbon-
ate-rock aquifer have been affected by many processes
that control the ability of the various geologic units to
transmit water. These processes include cementation,
recrystallization, micritization, solution, dolomitiza-
tion, uplifting, faulting, unloading, and weathering
(Brahana and others, 1988). Many of these processes
can either increase or decrease the ability of carbonate
rocks to transmit water.

In the Silurian and Devonian carbonate-rock
aquifer in the Lake Erie-Lake St. Clair Basin, certain
facies have a porous and vuggy texture (noted in the
section “Geologic Setting and Stratigraphy™). This tex-
ture can be the result of various diagenetic processes
that can increase the porosity and permeability of the
carbonate-rock aquifer in the facies that has been sub-
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jected to diagenesis. Throughout the carbonate-rock
aquifer, rocks that have this porous and vuggy texture
can be laterally equivalent to dense rocks that do not
have this texture. These relations are present through-
out the carbonate-rock aquifer. At a regional scale, the
areas of diagenetically controlled increases or
decreases in permeability are not mappable.

The flow and storage of ground water in the car-
bonate-rock aquifer is primarily within those zones of
rock that contain openings along joints, fractures, and
bedding planes (secondary permeability). Some of
these openings have been enlarged by dissolution as
ground water flowed through them. The magnitude and
degree of interconnection between these openings
determine the ability of the rock to transmit and yield
water. The matrix of the carbonate rocks also contains
water that contributes to the ground-water flow system
(primary and secondary permeability), but this water is
assumed to be insignificant when compared to the
quantities of water that move through the joints, frac-
tures, and bedding planes ( Arihood, 1994). Results of a
series of aquifer tests in northwestern Indiana (outside
of the basin but within the same lithologic units being
studied by the Lake Erie-Lake St. Clair NAWQA)
showed that “almost all of the transmissivity is derived
from horizontal fracturing; however, only a few frac-
tures present in the carbonate are transmissive”™ (Ari-
hood, 1994).

The upper zone of the Silurian and Devonian car-
bonate-rock aquifer (the strata at or near the bedrock
surface regardless of the lithologic unit) generally con-
tains more fractures and solution-enlarged openings
than do deeply buried zones. This prevalence of frac-
tures and solution-enlarged openings is a result of
weathering of the bedrock, unloading (removal of over-
lying material), and dissolution of the carbonate rock
by ground-water flow. At depths greater than 250 to
300 ft below land surface, however, these fractures gen-
erally are considered incapable of transmitting water
because (1) the weight of the overlying strata limits the
unloading-related fracturing and (2) the secondary
mineralization of the fractures limits the size of the
openings between the fracture walls. Some investiga-
tors (Beaumont and others, 1988) have suggested that a
thick sequence of sedimentary rock was deposited on
top of the carbonate-rock aquifer and was removed
from the study area by weathering and erosion. The
removal of the overlying strata, coupled with the mul-
tiple glacial advances and retreats in the Great Lakes
Region, allowed the unloading-related joints to form
preferentially at preexisting points of weakness in the

Silurian and Devonian carbonate rocks (Kappel and
Tepper, 1994).

Some zones within the carbonate-rock aquifer
below the upper fractured zone are more transmissive
than the rest of the carbonate-rock aquifer. The “New-
burg Zone,” a zone in eastern Ohio named by the oil
and gas industry, was documented by Norris and Fidler
(1971). This zone is in the carbonate strata overlying
the Lockport Dolomite in the lower part of the Salina
Group (Norris and Fidler, 1971). The Newburg Zone is
not contiguous within the study area, and other perme-
able zones at about the same depth have been noted in
a broader stratigraphic section than that described by
Norris and Fidler (1971). Strobel and Bugtliosi (1991)
proposed that the Newburg Zone could be the result of
multiple, diachronous processes. Because of the lack of
evidence that this zone is laterally extensive, it is prob-
ably not regionally important as a water-bearing zone,
but it could be significant locally.

In western New York, the lower section of the
Salina Group is an interbedded limestone, dolomite,
and shale that contains significant amounts of gypsum.
These gypsum zones have been dissolved by ground-
water flow in areas where this unit is near the bedrock
surface. These solution-widened water-bearing zones
are present at various depths and stratigraphic locations
within the Salina Group. These water-bearing zones
can be continuous over several miles, but data on exact
extent of these zones are not available (La Sala, 1968).

The carbonate rocks at and above a regionally
extensive erosional surface (the Silurian-Devonian
unconformity) can yield continuously large quantities
of water from seeps within quarries and outcrops
(Shaver, 1989). This feature has been eroded in the
southwestern and northeastern part of the basin, where
older rocks crop out; however, the unconformity and a
zone above the unconformity appear to be a less resis-
tant path for ground-water flow than zones either above
or below it. A clastic-rich zone contained within the
lower part of the Middle Devonian Detroit River For-
mation directly above the unconformity (described in
the section “Geologic Setting and Stratigraphy”) trans-
mits ground water effectively. The underlying Silurian
rock is a massive carbonate rock, whereas the rock
from within the clastic-rich zone is a fine-grained sand-
stone and sandy dolomite that is overlain by alternating
units of argillaceous to pure bioclastic, vuggy, nonfos-
siliferous dolomite (Shaver, 1989). Additionally, when
exposed in a quarry face, surficial iron staining of car-
bonate rocks below this zone indicates that water
moves preferentially within this zone as a result of the
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change in hydrologic character between the overlying
Devonian carbonate rock and the underlying Silurian
carbonate rock. This staining results from the flow of
ground water out of the more transmissive zone and
down the quarry face below.

Faulting of carbonate rocks can affect ground-
water flow in various ways. It can increase an aquifer’s
ability to transmit water by fracturing the rock, thereby
increasing the ground-water flow and the dissolution of
the carbonate rock, consequently enlarging the original
fractures. Faulting also can restrict ground-water flow
where a poorly permeable unit is displaced along the
fault and comes in contact with a more permeable unit.

The Bowling Green Fault Zone has been studied
with respect to its hydrologic effects. VanWagner
(1988) described the variation of specific capacity
(which was termed “transmissivity factor”) across sec-
tions of the fault zone. VanWagner (1988) noted that
the largest specific capacities were found along fracture
trends but that some unproductive wells were within
several hundred feet of wells with large specific capac-
ities. This example demonstrates that hydrologic char-
acteristics can differ widely over short distances within
a feature such as the Bowling Green Fault Zone.

In Ohio, rock units within the Silurian and Devo-
nian carbonate-rock aquifer have been displaced by
faults within the Bowling Green Fault Zone (fig. 5),
although regional ground-water flow does not seem to
be affected by this displacement. Multiple faults have
been mapped within this fault zone (VanWagner,
1988), which extends from northwestern Ohio along
the western edge of the Appalachian Basin into south-
eastern Michigan. Movement along this feature may
have occurred during early Paleozoic time but could
have occurred as recently as Mesozoic or possibly Cen-
ozoic time (Onasch and Kahle, 1991). Vertical dis-
placement along the Bowling Green Fault Zone ranges
from 90 to 300 ft (VanWagner, 1988).

Transmissivities for the carbonate-rock aquifer,
determined from aquifer tests, range from 70 to 28,000
ft?/d, and storage coefficients range from 0.00001 to
0.01 (Joseph and Eberts, 1994). Well yields in the Sil-
urian and Devonian carbonate-rock aquifer generally
range from 25 to 500 gal/min, but yields are locally
higher in specific units (La Sala, 1968; Schmidt, 1980;
Hallfrisch, 1986a,b).

Regional ground-water flow directions in the Sil-
urian and Devonian carbonate rock aquifer are from a
potentiometric high that is located south and west of
the Lake Erie-Lake St. Clair Basin toward the perennial

streams and Lake Erie. Local ground-water flow direc-
tions may differ because of the presence of fractures
and solution openings in the carbonate aquifer (Eberts
and Lesney, in press).

Water Quality

Quality of streams and stream sediments in the
Lake Erie-Lake St. Clair Basin has been assessed in
great detail at certain locations for contaminants asso-
ciated with dissolved-oxygen depletion and nutrient
enrichment, trace-element and toxic-substance con-
tamination, and sedimentation. In contrast, water qual-
ity in aquifers in the Lake Erie-Lake St. Clair Basin has
been investigated in only a few comprehensive and
regional studies. Discussions of water quality in the
subsequent sections of this report are based on summa-
ries of published, comprehensive reports.

Stream Quality

As early as 1951, statewide and regional water-
quality assessments were conducted chiefly by the U.S.
Geological Survey and the Federal Water Pollution
Control Administration. By the 1970’s, statewide and
regional studies by Federal agencies were often done in
cooperation with state resource-management and pub-
lic-health agencies such as the Ohio Department of
Natural Resources (ODNR), Ohio Department of
Health (ODH), Ohio Environmental Protection Agency
(OEPA), Michigan Department of Natural Resources
(MDNR), Michigan Department of Health, Indiana
Department of Natural Resources (IDNR), and New
York State Department of Environmental Conservation
(NYSDEC). During the mid-1970s to early 1980’s,
water-quality programs were carried out by state pollu-
tion-control agencies, health departments, and the
USEPA. Such programs were and are still driven by
legislation such as the Clean Water Act and the Safe
Drinking Water Act. The USGS National Stream Qual-
ity Accounting Network program (NASQAN) was
among the earliest national stream-quality monitoring
programs; eight NASQAN sites in the Lake Erie-Lake
St. Clair Basin were sampled during 1975-95. The out-
come of these monitoring activities is a substantial and
diverse amount of water-quality and associated data
that have been reported on for the Lake Erie-Lake St.
Clair Basin as a whole.

Fixed-site, fixed-frequency monitoring is cur-
rently done by Michigan Department of Environmental
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Quality (MDEQ), IDEM, OEPA, USGS, Heidelberg
College Water Quality Laboratory, Pennsylvania
Department of Environmental Regulation, and NYS-
DEC. These above-mentioned state agencies moni-
tored stream quality at 58 fixed-site, fixed-frequency
sampling locations in the basin in 1994,

Among the measurements and analyses obtained
from monitoring activities at these fixed sites are water
temperature, pH, alkalinity, turbidity, specific conduc-
tance, and concentrations of dissolved oxygen, organic
and inorganic ammonia-N, nitrate plus nitrite-N, total
and dissolved phosphorus, oxygen-demanding sub-
stances determined as biochemical and chemical oxy-
gen demand, trace elements, phenolic compounds,
dissolved and suspended solids, suspended sediment,
currently used pesticides, and total and dissolved
organic carbon. Recent monitoring activities have
focused more on characterizing concentrations of con-
taminants in streamwater, so much less recent data is
available on the concentration of naturally occurring
substances such as major ions.

Certain streams are investigated intensively at 3-
to 10-year intervals by state agencies to determine their
chemical and biological quality and to assess attain-
ment of the goals of the Clean Water Act. MDEQ,
OEPA, and NYSDEC collect streambed samples for
determination of trace elements and synthetic organic
substances and also conduct ecological-assessment
studies of fish, aquatic macroinvertebrate, and habitat
quality. Fish-contaminant data are collected by state
environmental regulatory agencies and the U. S. Fish
and Wildlife Service for status and trend analysis and
tor evaluation the suitability of edible fillets for human
consumption,

Substantial progress has been made in the Lake
Erie Basin to control and mitigate point-source con-
tamination and improve water quality. Most water-
quality assessment programs of the Federal and state
governments have focused on assessment of concentra-
tions and discharges of oxygen-demanding wastes,
nutrients, trace elements, and trace organic substances
and the effects of these contaminants on aquatic inver-
tebrates and fish. This focus on assessment of contam-
inant issues is driven by the fact that these are the most
frequently cited causes of partial attainment or nonat-
tainment of the goals of the Clean Water Act for
streams in the Lake Erie-Lake St. Clair Basin (Ohio
Environmental Protection Agency, 1990, 1995; Michi-
gan Department of Natural Resources, 1992b; Bode
and others, 1993).

Regional water-quality initiatives are an out-
growth of public concern about water quality. Among
these initiatives are the Great Lakes Water Quality
Agreement of 1978 (GLWQA) between the United
States and Canada and its revisions (1987). The
GLWQA was a product of the International Joint Com-
mission (IJC). Impairments to the uses of water
resources from toxic substances, pathogens, and other
adverse environmental conditions have been identified
in 43 Areas of Concern (AOC’s) by the IJC. Remedial
Action Plans to clean up these areas have been prepared
and in some cases have been partly implemented.
Eleven AOC’s are in the basin and include certain areas
of the Clinton, Rouge, Raisin, Maumee, Black, Cuya-
hoga, Ashtabula, and Buffalo Rivers. In addition, there
are AOC’s in the St. Clair River, Detroit River, Presque
Isle Bay, and Niagara River. Another outcome of the
GLWQA was the formation of Lakewide Management
Plans (LaMP’s). The goals of the Lake Erie Lakewide
Management Plan are to restore and protect the open
waters of Lake Erie.

Major lon Composition of Streams

The major-ion composition of most streams in
the Lake Erie-Lake St. Clair Basin consists mostly of
calcium, bicarbonate, and sulfate. To a lesser degree
and in certain streams, sodium and chloride ions can be
codominant with calcium, bicarbonate and sulfate ions.

The properties and concentrations of major ions
in streamwater affect its use for public and domestic
supply. Elevated concentrations of calcium, chloride,
iron, manganese, sulfate, and dissolved solids can
cause undesirable taste, odor, deposits, and stains on
materials and certain unpleasant side effects from con-
sumption. Hardness of water, expressed as the concen-
trations of calcium carbonate (milligrams per liter as
CaCO,), and concentrations of dissolved solids are
commonly measured to characterize suitability for
domestic supply. Qualitative terms used in this report to
describe hardness ranges are given in table 12.

For domestic uses, water whose hardness is less
than 100 mg/L and whose concentrations of dissolved
solids and sulfate are less than 500 mg/L is considered
acceptable (Hem, 1985; U.S. Environmental Protection
Agency, 1994).

Most streams in the Lake Erie-Lake St. Clair
Basin contain water that is moderately hard to very
hard because of dissolution of limestone, dolomite, cal-
careous shale, and calcareous glacial and alluvial mate-
rials that dominate the surficial and bedrock geology

Hydrologic Setting 57



and aquifer materials of the basin. The lowest hardness
reported for streams in the basin ranges from slightly
less than 60 mg/L as CaCOj3 (soft) to 100 mg/L as
CaCO; (moderately hard) in the Ashtabula River and
Conneaut Creek in northeastern Ohio and in Cattarau-
gus Creek and nearby smaller streams in western New
York. Concentrations of dissolved solids in streams
with relatively low hardness are typically less than 500
mg/L (table 13). Such areas of soft to moderately hard
water and relatively low concentrations of dissolved
solids are underlain by thin till and the Upper Devonian
and Lower Mississippian shale bedrock. The highest
hardness (greater than 300 mg/L as CaCQ3) and high-
est concentrations of dissolved solids (greater than 500
mg/L) are found in streams that drain areas underlain
by a thin layer of glacial material and the Antrim Shale,
such as the Clinton and Belle Rivers in southeastern
Michigan, and streams underlain by Devonian and Sil-
urian limestones and dolomites, such as the River Rai-
sin (table 13). Streamwater near Buffalo, N.Y., which is
underlain by the Salina Group, the Onondaga Lime-
stone, and the Hamilton Group, also is very hard.
Detailed and broad-scale studies of the major-
ion chemistry of streams tributary to the St. Clair River,
Lake St. Clair, the Detroit River, and western Lake Erie
have been reported on by Wood (1970), Cammings
(1983), Rheaume (1991), Holtschlag (1987), Blumer
(1993), Smith and others (1993), and Michigan Depart-
ment of Natural Resources (1992a, b). The Black, Clin-
ton, Huron, and Raisin Rivers contain water that is
principally of the calcium-bicarbonate type. Concen-
trations of major anions (table 13) and hardness are
reported to be inversely related to streamflow for the
Black, Clinton, Huron, and Raisin Rivers (Michigan
Department of Natural Resources, 1992a). Concentra-
tions of chloride reported for the Clinton River were the
highest of 21 sites reported in Michigan (Michigan
Department of Natural Resources, 1992b).
Ground water in the Coldwater Shale,
Berea Sandstone, Bedford Shale, and
Antrim Shale, which underlie the lower and
middle reaches of the Black, Belle, Clinton,

are frequently attributed solely to deicing chemicals.
Chloride concentrations in the Huron River were the
third highest of the 21 sites reported in Michigan
(Michigan Department of Natural Resources, 1992b).

Concentrations of major ions have been pub-
lished for streams tributary to the Lake Erie Basin in
Ohio (Youngquist, 1953; Childress and Koltun, 1993;
Smith and others, 1993). Youngquist (1953) reported
that streams of the Lake Erie Basin in Ohio are of the
calcium-bicarbonate and calcium-bicarbonate-sulfate
type. In general, concentrations of major ions and dis-
solved solids in streams tributary to Lake Erie in Ohio
are similar to or lower than those in Michigan. Within
the Ohio part of the basin, chloride concentrations on
average are slightly higher in the Portage, Cuyahoga,
and Ashtabula Rivers than in the Maumee, Sandusky,
and Grand Rivers. The highest sulfate concentrations in
the basin are in the Raisin, Maumee, and Sandusky
Rivers and are contributed by the evaporites contained
within Silurian and Devonian limestone and dolomite
underlying these streams.

Major-ion concentrations are reported for Catt-
araugus Creek (table 13). Historical water-quality data
for streams in western New York are reported in Archer
and others (1968). Archer and La Sala (1968), Frimpter
(1973), and Rogers (1993). Archer and others (1968)
reported a gradient of increasing concentration from
west to east for major ions in streamwater in western
New York and an inverse relation between streamflow
and major-ion concentrations. Concentrations of most
major ions and hardness are lowest in Cattaraugus
Creek compared to other similar-sized streams in the
Lake Erie-Lake St. Clair Basin. Concentrations of most
major ions and hardness in the main stem of the Buffalo
River were intermediate when compared to other
streams in the Lake Erie-Lake St. Clair Basin. Water
from streams in the Buffalo Creek Basin were reported

Table 12. Hardness ranges and descriptions for natural waters

[From Hem (1985); CaCO3, calcium carbonate]

Rouge, Huron, and Raisin Rivers, can con-
tain elevated concentrations of sodium
(100-10,000 mg/L) and chloride (250-

Hardness Range

15.000 mg/L) (Mozola, 1970, p. 21;
Rheaume, 1991, p. 44). Ground-water dis-
charge from these formations and deposits
is a likely source of the elevated concentra-
tions of chloride in the Clinton River, which

Description
(milligrams per liter of CaCOy3)
0-60 Soft
61-120 Moderately hard
121-180 Hard
>180 Very hard
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to be moderately hard to very hard. in the range of 60
to 190 mg/L as CaCOs.

Concentrations of most major ions in Tonawanda
Creek were highest among streams in the Lake Erie-
Lake St. Clair Basin in New York (Archer and others,
1968). Streamwater in the Tonawanda Creek Basin is
very hard, ranging from 190 to 490 mg/L as CaCO;5
(Archer and others, 1968). The higher concentrations
of major ions in Tonawanda Creek relative to Cattarau-
gus Creek and the Buffalo River may be the result
ground-water discharge from of the Salina Group,
which underlies lower Tonawanda Creek, and urban-
ization in Buffalo, N.Y.

Effects from Urban Runoff and Incompletely Treated
Wastewater

Owing to the large population of the basin and
incomplete treatment of domestic and municipal
wastewater in some areas, nutrient enrichment and
oxygen depletion of streams by point sources are
among the most often cited water-quality problems
(Michigan Department of Natural Resources, 1992a;
Bode and others, 1993; Ohio Environmental Protection
Agency, 1995). Nitrogen can be present in domestic
wastewater and receiving streams in the form of ammo-
nia-N, ammonia plus organic-N, and nitrate plus
nitrite-N. Phosphorus can be present in streamwater
either in the particulate or the dissolved form. Much of
the point-source contribution of nitrogen historically
entered surface water as reduced forms—ammonia-N
or ammonia plus organic-N. When ammonia-nitrogen-
containing wastes are discharged to streams along with
other types of incompletely treated wastes, oxygen is
consumed during decomposition.

Much has been done to reduce the oxygen-
demanding discharges of ammonia and carbon com-
pounds through advanced wastewater treatment, during
which the nitrification process is enhanced and ammo-
nia is converted to nitrate. More than $20 billion was
spent in Ohio alone during 1980-94 in wastewater-
treatment-plant construction and improvements to
remediate the problem of oxygen depletion (Ohio
Environmental Protection Agency, 1995). Increasingly,
conversion of ammonia compounds to nitrate plus
nitrite-N compounds has resulted in uptrends in nitrate
concentrations in some streams in the Nation (Puckett,
1995). However, no uptrends in nitrate plus nitrite-N
had been documented in urban streams in the Lake
Erie-Lake St. Clair Basin as of the early 1990’s (Rich-
ards and Baker, 1993; Smith and others, 1993).

Enrichment with phosphorus has long been the
major water-quality concern for Lake Erie, and much
has been done to reduce point-source discharges of
phosphorus to the lake. Algal blooms and loss of oxy-
gen in the hypolimnion of Lake Erie in the summer are
undesirable characteristics of phosphorus enrichment
and contributed to the notion that Lake Erie was dead
(Herdendorf, 1986). Efforts to model the response of
Lake Erie to phosphorus reductions resulted in a pre-
diction that if phosphorus discharges were limited to
11,000 metric tons per year, then as much as 90 percent
of the hypolimnion in the central basin of Lake Erie
would remain oxygenated all year. Based on this
assumption, a discharge limit of 11,000 metric tons
(12,125 tons) of phosphorus from all sources was set as
the annual target load by the IJC in the GLWQA (Inter-
national Joint Commission, 1994).

The Lake Erie Basin receives the largest volume
of treated wastewater of any of the other Great Lakes
and from 2 to 20 times more phosphorus from point
sources. Most of the point-source contribution of phos-
phorus is from major municipal dischargers in Detroit,
Mich., and Cleveland and Toledo, Ohio (Dolan, 1993).
(A major discharge is defined by USEPA as one that is
discharging 1 Mgal/d or more or has an effect on
receiving water quality that is of concern.) To help
achieve the target phosphorus load for Lake Erie, these
discharges are treated to contain less than 1.0 mg/L of
total phosphorus. This treatment standard is prescribed
by the IJC in Annex 3 of the Great Lakes Water Quality
Agreement of 1978 (International Joint Commission,
1994).

Phosphorus removal from wastewater resulted in
about 82-percent decrease in amount of total phospho-
rus discharged from point sources from 1971-90
(Dolan, 1993). Point-source reductions in total phos-
phorus have resulted in a strong and significant down-
trend in phosphorus concentration in the lake (Rathke
and Edwards, 1985; Bertram, 1993). However, the
problem of hypolimnetic oxygen depletion, while
improved, has not been eliminated or reduced as much
as was expected (Bertram, 1993). The less than
expected declines in oxygen depletion have resulted in
the development of other strategies to further decrease
phosphorus discharges to the lake.

Dolan (1993) estimated that during 1986-90,
point sources contributed from 17.8 to 32.5 percent of
the total phosphorus discharged to Lake Erie and that
nonpoint tributary sources discharged from 48.9 to
70.3 percent. The estimated atmospheric inputs of
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phosphorus during this period were a relatively small
part of the total nonpoint source load, ranging from just
3.2 to 5.6 percent. Estimated inputs to Lake Erie from
upstream sources of phosphorus in the Great Lakes
Basin (measured at the outflow of Lake Huron) for the
same period ranged from 8.4 to 13.8 percent of the total
phosphorus load. Because most major wastewater
treatment plants are in compliance with the 1-mg/L
treatment standard, Dolan (1993) concluded that point-
source contributions do not appear to determine
whether the target of 11,000 metric tons per year is
achieved. Rather. it is the more variable tributary non-
point-source contribution that makes the difference in
any given year.

Tributary loads are higher in wet years than in
dry years. In wet years, the total annual amount of
phosphorus discharged to Lake Erie from all sources
commonly exceeds the target maximum of 11,000 met-
ric tons. The focus of phosphorus control, therefore, is
directed at reducing tributary discharges from nonpoint
sources in urban and agricultural areas. For example,
nearly all the states in the Lake Erie Basin have adopted
bans on household detergents containing more than 0.5
percent phosphate by weight, resulting in further
potential reductions in phosphorus from sources such
as septic systems. Urban drainage management and
control have been discussed as potential control mea-
sures for urban nonpoint sources of phosphorus (Inter-
national Joint Commission, 1994).

Examples of nutrient enrichment in urban tribu-
taries can be seen in comparisons of the Clinton River
above and below Pontiac, Mich., and the Huron River
above and below Ann Arbor, Mich., which show an
increasing gradient from upstream to downstream sam-
pling locations in median concentrations of total phos-
phorus and nitrate plus nitrite-N (Holtschlag, 1987
Michigan Department of Natural Resources, 1992b).
Total phosphorus concentrations in the Clinton River
increased from 0.02 mg/L upstream from Pontiac,
Mich., to 0.09 mg/L downstream, and nitrate plus
nitrite-N concentrations increased from 0.09 to 1.3 mg/
L. For the Huron River upstream and downstream from
Ann Arbor, Mich., nitrate plus nitrite-N increased from
0.26 10 0.84 mg/L., and total phosphorus increased from
0.02 to0 0.06 mg/L (Michigan Department of Natural
Resources, 1992b). The Huron River throughout its
length is reported to be subject to moderate nutrient
enrichment and turbidity (Michigan Department of
Natural Resources, 1992b).

Aside from phosphorus and nitrogen enrich-
ment, urban streams in the basin are affected by incom-
pletely treated wastewater; that is, combined sewer and
stormwater discharges. The effects of urban runoff are
oxygen depletion and bacterial contamination. The
Clinton, Rouge, Huron, and Raisin Rivers are subject
to intermittent contamination with fecal bacteria
(Michigan Department of Natural Resources, 1992a)

The Black River (Michigan) is affected by dis-
charges from combined sewers near its mouth (Michi-
gan Department of Natural Resources, 1992a). OEPA
(19924, b; 1993a) reported that public and industrial
points sources and discharges from combined sewers
have degraded certain areas of tributaries to the
Maumee River (the Blanchard, Ottawa, and St. Marys
Rivers). Public wastewater point sources and com-
bined-sewer discharges, as well as siltation in the
stream channel, have moderately degraded the fish
community in the upper reaches of the Sandusky River
(Ohio Environmental Protection Agency, 1991a).

The water quality in the main stem of the Black
River (Ohio) has improved significantly since the mid-
1980°'s owing to reduced discharges of incompletely
treated domestic and industrial wastewaters and com-
bined sewers (Ohio Environmental Protection Agency,
1994a,b). The upper reaches of the Black River con-
tinue to be influenced by the discharge of incompletely
treated or untreated effluents from many small waste-
water treatment plants, combined sewers, sanitary sew-
ers, and unsewered areas (Ohio Environmental
Protection Agency, 1994b). The main stem of the
Rocky River is effluent dominated, and about 95 per-
cent of the streamflow during critical low flow periods
is composed of treated sewage effluent (Ohio Environ-
mental Protection Agency, 1993c). OEPA (1993b)
assessed 84.1 total stream miles of the Rocky River
(Ohio) for chemical and biological quality in 1992;
about 34 percent of the basin (21.4 stream miles) con-
tained few species and reduced numbers of aquatic
macroinvertebrates and fish.

In the early 1970’s, the Cuyahoga River gained
notoriety and national exposure as an example of
water-quality degradation. The graphic photos and
descriptions of the “‘burning river’” have become part of
its legacy, and this publicity reputedly hastened of the
passage of the Water Pollution Control Act of 1972.
Water quality of the Cuyahoga River near the mouth
(tables 14-16) and the quality of fish, aquatic macroin-
vertebrate, and habitat are summarized for the Cuya-
hoga River Basin for the lower, middle, and upper main

Hydrologic Setting 61



stem and selected tributaries (Ohio Environmental Pro-
tection Agency, 1994c¢). The lower main stem, which
includes the navigation channel, has improved dramat-
ically since the late 1960’s but has shown only slight
improvement since the early 1980’s. Primary reason for
current nonattainment of water-quality standards is
failure to meet the dissolved-oxygen criteria as a result
of a combination of factors including channelization
and dredging to maintain navigation, discharges from
point sources, combined sewers, sanitary-sewer over-
flows, and urban nonpoint sources. Failure to meet dis-
solved-oxygen criteria is a concern for fish passage
from Lake Erie through the lower reaches of the River
to upstream riverine habitats. Ammonia-N concentra-
tions in the lower main stem of the Cuyahoga River
have declined substantially because of improvements
in treatment of wastewater (Ohio Environmental Pro-
tection Agency, 1994c). However, the major sources of
nitrogen and phosphorus to the lower main stem are
still point sources (Cuyahoga River Community Plan-
ning Organization, 1994).

The middle main stem of the Cuyahoga River,
defined as a section from Akron downstream to Cleve-
land, is urban (fig. 10). A 23-mi segment of the middle
main stem of the Cuyahoga River flows through the
Cuyahoga Valley National Recreation Area (CVNRA),
which is operated by the National Park Service. Dis-
charges from combined sewers, sanitary sewers, point
sources, and urban runoff were the primary sources of
contaminants in the middle main stem. The middle
main stem of the Cuyahoga River routinely meets
chemical water-quality criteria for inorganic and
organic contaminants and, except during periods of
runoff, meets primary-contact recreation criteria for
bacteria. Bacteriological sampling by various organiza-
tions (Ohio Environmental Protection Agency. 1994c;
Francy and others, 1993; Childress, 1985) showed that
elevated concentrations of fecal coliform bacteria and
E. coli have been detected in the Cuyahoga River and
are associated with runoff. Sources are discharges from
combined sewers, sanitary sewers, and incompletely
treated wastewater (Ohio Environmental Protection
Agency, 1994c). Concentrations of fecal coliform and
E. coli bacteria can range from 10,000 to more than
1,000,000 col/100 mL in the Cuyahoga River during
runoff. Use of the river in the CVNRA for recreation is
not advised during these periods.

Treated-wastewater sources of nutrients and
oxygen-demanding wastes from small communities
and agricultural nonpoint sources of sediment and

nutrients are the main water-quality problems in the
upper main stem of the Cuyahoga River, as well as in
the middle and lower main stems. Only minor prob-
lems with fecal coliform bacteria were reported for the
upper main stem of the Cuyahoga River.

The Chagrin River Basin was examined in detail
in 1990 (Ohio Environmental Protection Agency,
1991b) to evaluate the effects of point and nonpoint
sources on chemical quality, aquatic macroinverte-
brate, fish, and stream habitat. Point sources of treated
domestic sewage in the Chagrin River Basin are mini-
mally affecting the water quality and biological popu-
lations in tributaries to the main stem. The chemical
water quality and communities of aquatic macroinver-
tebrate and fish in the lower Grand River (Ohio Envi-
ronmental Protection Agency, 1987) and Conneaut
Creek (Ohio Environmental Protection Agency, 1992d)
met aquatic life criteria except in the areas that are ship-
ping channels or have undergone extensive marina
development.

In New York, incompletely treated wastewater
and nutrient enrichment were the primary water-quality
issues most often described in water-quality studies of
the Lake Erie Basin. Of the 23 river segments assessed
during 1972-92 (Bode and others, 1993), 9 showed
improvement in water quality and aquatic macroinver-
tebrate diversity and abundance, whereas 6 showed no
change. No previous data were available for 5 stream
segments. Of the 23 segments, 4 were rated nonim-
pacted by wastewater sources, 15 segments were rated
as slightly impacted, and 4 segments were rated mod-
erately impacted.

Bode and others (1993) documented improve-
ments in water chemistry and aquatic macroinverte-
brate species diversity and abundance for Cattaraugus
Creek. Two sites in the Cattaraugus Creek Basin were
evaluated in 1976 and again in 1987-88, one near the
mouth and one farther upstream in the basin. Both were
rated nonimpacted. Moderate to severe pollution from
wastewater was eliminated, leading to an improvement
in water quality that is referenced as one of 10 success
stories in pollution control in the state of New York
(Bode and others, 1993, p. 4). Three smaller streams in
western New York that discharge directly to Lake Erie
to the east and west of the Cattaraugus Creek Basin
were rated slightly impacted as a result of treated
wastewater discharges.

The water quality of the main stem of the Buffalo
River was rated moderately impacted, and combined-
sewer overflows were cited as a principal source of pol-
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reduce and control phosphorus concentrations in
streams. Such practices are recommended by the IJC in
order to achieve the target phosphorus load of 11,000
metric tons per year (International Joint Commission,
1994). State water-quality standards in the Lake Erie
Basin also require that phosphorus concentrations in
streams and lakes be limited to the extent necessary to
prevent the nuisance growth of aquatic algae and
weeds.

There has been an uptrend in nitrate plus nitrite-
N concentrations for the Maumee and Sandusky Rivers
(Rathke and Edwards, 1985; Richards and Baker, 1993;
Smith and others, 1993). There has also been an
uptrend in the amounts of nitrogen fertilizers applied to
row crops in the basin (Richards and Baker, 1993).
Manure is a major source of nutrients in runoff where
farm animals are present in large numbers (Puckett,
1994), but the effects of this source have not been eval-
uated in the basin. The other major source of nitrogen
is deposition of nitrate-N to the land surface from pre-
cipitation (Puckett, 1995). Concentrations of nitrate-N
in rain range from about 0.01 to 2.00 mg/L across the
region (Myers, 1991).

The herbicides commonly detected in tributary
streams (Baker, 1988; 1993) and Lake Erie (Schottler
and Eisenreich, 1994) are the same as those used in
highest quantities in the basin on row crops. The herbi-
cides currently used in greatest quantities, in terms of
active ingredient applied per acre, are atrazine,
alachlor, metolachlor, metribuzin, and cyanazine
(Gianessi and Puffer, 1991). Currently used herbicides
are detected in streams in similar agricultural settings
in the Midwest (Schribner and others, 1993; 1994) and
in precipitation (U.S. Geological Survey, 1995b). Con-
centrations of atrazine can range from less than 1.0 pg/
L to as much as 35 pg/L in samples collected during
postapplication runoff in the Raisin, Tiffin, Maumee,
St. Joseph, Sandusky, Auglaize, and Huron Rivers
(Baker, 1988; Schribner and others, 1993; City of Fort
Wayne, written commun., 1996; tablel5). As stream-
basin size decreases, peak herbicide concentrations can
increase in postapplication runoff to as much as 200 to
250 pg/L in small tributaries to the Maumee and
Sandusky Rivers (Baker and Richards, 1991).

Mean annual concentrations of atrazine
approaching one-half to two-thirds the MCL of 3 pg/L
have been consistently reported in the Raisin, Maumee
and Sandusky Rivers ( table 15). These rivers are
source waters for public supplies. At the concentrations
detected, atrazine does not cause acute illness in

humans. The MCL for atrazine, unlike nitrate-N, is a
chronic risk-based standard that, when exceeded, is
predicted to resultin a 1 in 1 million excess cancer risk
from drinking an average of 2 liters of water per day
containing an average concentration of 3 pg/L atrazine
over a lifetime (70 years). Herbicide contamination of
streams has led to the growing substitution of atrazine
with more potent herbicides, such as acetochlor, that
can be used in much smaller quantities. The concentra-
tions of the atrazine substitutes have not been evaluated
for the basin.

The types of herbicides used on pasture and for-
age crops, although similar to those used on row crops,
are used in much lower quantities. Except for simazine,
the difference in application amounts is reflected in
lower concentrations of herbicides in the Cuyahoga
and Grand Rivers compared to the Raisin, Maumee,
and Sandusky Rivers. Baker (1988) reported that dur-
ing postapplication periods of runoff, concentrations of
herbicides in the Cuyahoga River, draining an urban
area, were five to seven times lower than corresponding
concentrations in streams draining row crops (table
15).

Similar information indicates that the insecti-
cides used in highest quantities in the basin are oil-
based organophosphate insecticides, carbaryl, chlorpy-
rifos, carbofuran, terbufos, and fonofos (Gianessi and
Puffer, 1992a). Unlike herbicides, the mean and maxi-
mum concentrations of insecticides detected in stream
samples in row-crop settings were similar to concentra-
tions in streams draining urban or pasture and forage
crop settings. Maximum concentrations of carbofuran
ranged from less than 0.48 to 2.7 pg/L in the Maumee
River and 0.88 to 2.0 pg/L in the Cuyahoga River dur-
ing the period 1982-85 (Baker, 1988). Available data
are insufficient to characterize the concentrations of
lawn-care pesticides, such as 2,4-D, that are used in
urban areas. Quantities of fungicides used in the most
of the basin are small compared to other pesticides
(Gianessi and Puffer, 1992b).

The Maumee River discharges more tons per
year of suspended sediment than any other tributary in
the Great Lakes Basin (Baker, 1993). The Sandusky
River discharges the second greatest amount of sedi-
ment (tons per year) to Lake Erie. Data collected from
the 1950’s to the 1970’s indicate that the Auglaize
River, the largest tributary to the Maumee River, is a
major source of suspended sediment (table16). The
Cuyahoga River discharges the highest amount of sed-
iment per unit area (tons per square mile per year)
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(Baker, 1993). Historical data (Archer and La Sala,
1968) indicate that during runoff in the mid-1960’s,
concentrations of suspended sediment in Cattaraugus
Creek ranged from 283 to more than 5,000 mg/L, far
greater than that reported by Smith and others (1993).
Large differences in reported estimates of the mean and
range of suspended-sediment concentration can result
when samples collected daily (Archer and La Sala,
1968) are compared to samples collected monthly or
quarterly (Rogers, 1993; Smith and others, 1993).
Samples collected more frequently are likely to provide
the better estimate of actual concentrations.

The variability of suspended-sediment discharge
can be large from year to year depending on precipita-
tion and streamflow. In 1988, a relatively dry year, the
amount of suspended sediment discharged from the
Maumee River was about 14 percent of the amount dis-
charged in 1993, a relatively wet year. This variability

from year to year makes detection of trends in sus-
pended-sediment discharge very difficult to discern.
Hindall (1989) examined trends in suspended-sediment
discharge and streamflow for the period 1950-87 for
the Maumee River, for 1950-56 and 1978-87 for the
Sandusky River, and for 1950-74 and 1976-84 for the
Cuyahoga River. No discernible trends in suspended-
sediment discharge were detected for any of the three
streams.

Practices such as installation of tile drains have
been implemented in extensive areas where drainage is
moderate to very poor. In such areas, streams have also
been dredged and straightened to improve drainage.
Improving soil drainage in agricultural areas usually
increases peak runoff rates (Fausey and others, 1995)..
In nationwide rankings, Indiana, Ohio, and Michigan
are 2nd, 4th, and | 1th, respectively, in terms of acres of
land drained for agriculture (Fausey and others, 1995).

Table 15. Concentrations of atrazine, alachlor, and metolachlor in selected streams of the Lake Erie-

Lake St. Clair Basin

[All data except periods of record and references are concentrations in micrograms per liter; NR, not reported]

RF:Y;L Tiffin River Maumee River Sandusky River Cu;?‘:le?ga
Atrazine
Period of record 1982-91  1988-89  1982-91  1975-82  1988-89  1982-91  1988-89 1982-91
1984-91
Discharge-weighted 1.3 NR NR 1.8 NR 1.7 NR 0.2
mean
Maximum 12 16 35 21 7.0 25 1.7-5.9 6.8
Reference Q) A Q) 3 ) e ) )
Alachlor
Period of record 1982-91 1982-91 1982-91 1982-91 1982-91
Discharge-weighted 0.8 0.80 0.80 0.60 0.03
mean
Maximum 7.5 7.5 18 36 12
Reference D) ) (3 ) Q!
Metolachlor
Discharge-weighted 0.40 0.40 1.1 1.5 0.03
mean
Maximum 5.9 5.9 26 37 54
Reference ) M ) ) Q)
! Baker. 1993. 2 Schribner and others. 1993. > Baker, 1988.
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Within these row-crop areas, 30 to 50 percent of all
land is artificially drained (Fausey and others, 1995).
Relative to the effects of other agricultural practices,
tile drains are thought to decrease the amount of sedi-
ment and phosphorus discharged to surface water and
increase the amount of nitrates that infiltrate to ground
water and subsequently discharge to base flow in
streams.

Contamination of Streambed Sediments, Fish, and
Wildlife with Organochlorine Compounds and Trace
Elements

Bioaccumulative and persistent contami-
nants—organochlorine compounds and trace ele-
ments—have been targeted for virtual elimination in
the Great Lakes Basin by the United States and Canada
(U.S. Environmental Protection Agency, 1993; Interna-
tional Joint Commission, 1994). These two groups of
contaminants are implicated in several water-quality
issues related to the quality of fisheries for human con-
sumption, the potential for disruption of normal endo-
crine function in wildlife and fish, and the problems
associated with river-sediment contamination and
remediation. The most contaminated sediments—those
that have the potential to cause reproductive impair-
ment, cancer, or deformities and abnormalities in fish
and wildlife—are present in several AOC’s and in other
streams in the Lake Erie-Lake St. Clair Basin. The
areas where bioaccumulation of organochlorine com-
pounds have been found in fish at elevated concentra-
tions are the Clinton River, River Rouge, Maumee
River, Black River (Ohio), Cuyahoga River, Ashtabula
River, Presque Isle Bay, and Buffalo River (U.S. Envi-
ronmental Protection Agency and Government of Can-
ada, 1995).

Because the use of polychlorinated biphenyls
(PCB’s) and most organochlorine pesticides has been
discontinued in the United States, concentrations in
fish and wildlife have declined by an order of magni-
tude from peak concentrations in the 1970°s (U.S.
Environmental Protection Agency and Government of
Canada, 1995). However, the presence in game fish and
wildlife populations of residues of these bioaccumula-
tive, potentially endocrine-disruptive and carcinogenic
substances is a water-quality issue in Lake Erie-Lake
St. Clair Basin.

PCB’s as a category of contaminants have been
targeted for remedial actions in order to eliminate them
from the environment and reduce their concentrations
in fish and wildlife in the Lake Erie Basin. PCB’s are

still manufactured and used in certain parts of the
world, are deposited from the atmosphere to the Great
Lakes watershed by way of long-range transport, or are
transported on suspended fluvial sediments to the lake
by way of tributaries. Once in an aquatic system, orga-
nochlorine compounds like PCB’s are biomagnified in
the aquatic food web. Piscivorous fish and fish-eating
birds have shown bioaccumulation of PCB’s in the
Lake Erie system. PCB’s have been detected in gull
eggs in colonies nesting on Lake Erie islands, areas
adjacent to or in the Detroit and Niagara Rivers. For
Lake Erie areas, a downtrend in PCB concentrations in
gull eggs has been detected over time, and a west-to-
east gradient has been found (U.S. Environmental Pro-
tection Agency and Government of Canada, 1995, p.
34).

Other fish-eating birds, such as eagles, have
shown effects of bioaccumulations of organochlorine
residues. Lower reproductive success has been
observed for eagles nesting along the Great Lakes and
Lake Erie compared to eagles nesting inland. Nest fail-
ures are more common among the older eagle pairs that
were previously successful for the first 5 years of nest-
ing than for younger eagles. Analyses have shown that
unhatched eggs from coastal areas are more contami-
nated with PCB’s than eggs collected at inland loca-
tions (Taylor, 1994).

Advice provided to fish eaters in the Lake Erie-
Lake St. Clair Basin varies from state to state because
of current scientific uncertainties regarding the toxicity
of contaminated fish. Furthermore, the amounts of
chemicals of concern in fish are not known to cause
immediate illness. However, contaminated fish con-
sumed regularly over time can affect the health of the
consumer and even that of their children. Therefore,
certain groups—women of child-bearing age who plan
to have children, pregnant and nursing mothers, and
children under 15—are advised to restrict their intake
of fish caught in known areas of contamination from
none to no more than one meal per week (Michigan
Department of Natural Resources, 1994, p. 26-29;
Ohio Department of Natural Resources, 1995; U.S.
Environmental Protection Agency, 1997).

In Lake Erie and in several tributary streams,
fish-consumption advisories are the result of contami-
nation of fish with PCB’s. Fish consumers are advised
to restrict their consumption of certain species with
regard to quantity, amount, and frequency of consump-
tion. Consumption advisories for Lake Erie fish vary
from state to state, but some examples of species for
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which advisories have been issued are carp, channel
catfish, bullhead, walleye, freshwater drum, white bass,
white perch, largemouth bass, steelhead, lake trout,
lake whitefish, and coho salmon. In Ohio, restrictions
range from a total ban on consumption of channel cat-
fish in Maumee Bay to 12 meals per year for white
perch, steelhead, coho salmon, chinook salmon, small-
mouth and white bass; 6 meals per year for carp, chan-
nel catfish outside Maumee Bay, and lake trout; and 52
meals per year for walleye and freshwater drum. For
the St. Clair River and the Detroit River, mercury and
PCB'’s are a concern and consumption restrictions are
in place for freshwater drum and carp.

In Michigan, all fish-consumption advisories for
streams are the result of contamination of fish with
PCB’s. There are “no consumption advisories” for carp
for certain areas of the Clinton River in Oakland
County. There are “no consumption advisories” for
northern pike, largemouth bass, smallmouth bass, cat-
fish, carp, and white sucker in sections of the Middle
Branch of the River Rouge and for carp and white
sucker in the Lower Branch of the River Rouge in
Wayne County. A fish-consumption advisory in the
lower River Raisin in the AOC is a result of elevated
concentrations of PCB’s. Dredging and proper disposal
of River Raisin sediments containing PCB’s is
expected to improve conditions. For the Ottawa River
in Monroe County, Mich., there is a “no consumption
advisory™ for all species of fish because of contamina-
tion with PCB’s.

Likewise, in Ohio, PCB’s are the major contam-
inants listed in consumption advisories. All fish are
restricted from consumption in the Ottawa River
(Toledo, Ohio), in the lower Black River (Ohio), and in
the lower Ashtabula River. For Summit Lake (Summit
County, Ohio) there is a “no consumption advisory” for
carp and channel catfish.

Certain organic compounds, such as polycyclic
aromatic hydrocarbons (PAH’s), inorganic compounds
such as ammonia-N, and trace elements, are present in
river sediments as a result of industrial activities or use
in an urban area. These substances, when found in river
sediments, are considered to be contaminants. Sedi-
ments sampled near the mouth of the Black River,
Mich., in 1988 contained elevated levels of trace ele-
ments and detectable concentrations of PCB’s that
likely are the result of historical industrial discharges
(Michigan Department of Natural Resources, 1992a).
The water and sediments of the lower Clinton, Rouge,
and Raisin Rivers are contaminated by trace elements,

organochlorine compounds, and oil and grease (Michi-
gan Department of Natural Resources, 1987; 1992a).
Sediment contaminants in the Clinton, Rouge, and Rai-
sin Rivers are thought to emanate in part from old leak-
ing landfills (Michigan Department of Natural
Resources, 1988; 1992a).

Impairment of water and sediment quality near
the mouth of the Maumee River due to contamination
from arsenic, cadmium, chromium, copper, lead, zinc,
and PCB’s has led to a designation of AOC. Contami-
nant sources are thought to be historical industrial dis-
charges and the presence of many landfills, lagoons,
and industrial sites along the banks of the lower
Maumee River (Ohio Environmental Protection
Agency, 1989). Arsenic-contaminated sediments were
noted in samples collected from tributaries of the
Maumee River in agricultural areas. This contamina-
tion is thought to be from residues of arsenate pesti-
cides used on agricultural lands until the mid-1970’s
(Ohijo Environmental Protection Agency, 1992a,b,c).

Sediment contamination with PAH’s was docu-
mented in the upper reaches of the Sandusky River
(Ohio Environmental Protection Agency, 1991a) and
the Ottawa River (Allen County, Ohio; Ohio Environ-
mental Protection Agency, 1992a). Fish taken from the
degraded area of the Ottawa River exhibit a much
higher than normal incidence of external deformities,
lesions, and eroded fins.

The lower reaches of the Black River (Ohio) are
designated an AOC, and waters and sediments are cur-
rently contaminated by oil and grease, trace elements,
PCB’s, and PAH’s (Ohio Environmental Protection
Agency, 1994b). Sediment contamination with PAH's
has resulted in higher than normal frequencies of exter-
nal tumors in certain fish species in the Black River
(Ohio Environmental Protection Agency, 1994b; Bau-
mann and others, 1987, 1990, 1991; Smith and others,
1994). Cleanup of contaminated sediments in the Black
River has resulted in an improvement in fish health
(Ohio Environmental Protection Agency, 1994b)

OEPA (1994c) reported that the major sources of
trace elements to the lower main stem of the Cuyahoga
River in the Cleveland area are now primarily urban
nonpoint sources. Sediments in the lower main stem of
the Cuyahoga River and Ashtabula River are contami-
nated with oxygen-demanding wastes, trace elements,
and PCB’s (Cuyahoga River Community Planning
Organization, 1994; Ohio Environmental Protection
Agency, 1994c).There has been a shift in the Cleveland
and Akron area of the Cuyahoga River Basin from rub-
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ber and chemical manufacturing, coking, and petro-
chemical refining to other types of industrial and
commercial manufacturing since the mid-1970’s. Bed-
sediment samples collected just above the mouth of the
Chagrin River contained low levels of trace elements
that were not a water-quality concern (Ohio Environ-
mental Protection Agency, 1991b).

The Buffalo River is designated an AOC because
of the presence of oxygen-demanding wastes, trace ele-
ments, and soluble organic contaminants in the sedi-
ments.

Aquatic Habitat Alteration and Disturbance

Chemical contamination is not the only factor
contributing to water-resource degradation in the Lake
Erie-Lake St. Clair Basin. Loss of habitat and habitat
alteration from water-level management, conversion of
forest and wetlands to agricultural and urban land uses,
and recreational development along the Lake Erie
shoreline have been the greatest threats to habitat and
biodiversity in the Great Lakes and Lake Erie Basin
(The Nature Conservancy, 1994). Other threats include
proliferation of nonnative species, solid-waste dis-
posal, fisheries management, and water withdrawals
(The Nature Conservancy, 1994). Some of these threats
are consistent with threats to global biodiversity that
have been identified by the Office of Technology
Assessment (1987). McNeely and others (1990) of the
World Bank identified “habitat alteration, especially
conversion to agriculture™ as a primary threat to global
biodiversity.

The special habitats that contain a diversity of
aquatic and terrestrial species in the Lake Erie basin are
a product of glacial history. These special areas are end
moraines, till plains, lake plains, glacial-outwash areas
(alluvial fans and alluvial plains), and beach ridges.
These features were formed by glaciers that repeatedly
advanced and receded 20,000 to 11,000 years ago.
Ancient glacial meltwater streams and glacial lakes
formed what is the present day Lake Erie Basin. Bio-
logical communities in the Lake Erie Basin are rela-
tively young compared to those in the Mississippi River
Basin, the former having been established about 4,000
to 5,000 years B.P., which is about the age of the mod-
ern Lake Erie (Robbins and others, 1994).

The greatest habitat alteration has occurred in the
very poorly drained Eastern Lake Section of the Cen-
tral Lowland Province. OEPA (1990) identified the
Huron-Erie lake plains as being the area of Ohio most
seriously affected by habitat alteration and sedimenta-

tion from agricultural land uses. The Black Swamp was
almost entirely drained for agriculture and is now part
of the Corn Belt. Likewise, about 90 percent of the wet-
lands in the Lake Erie Basin have been drained for
urban and agricultural uses (The Nature Conservancy,
1994).

OEPA (1995) has documented a 30 to 40-percent
decline in fish species in Ohio since 1978. Many
declining species of fish depend on clean stream sub-
strates, perennial streamflow, intact riparian zones,
pools, runs, and riffles. Those that are intolerant of silt-
ation of stream habitats, such as the river chub, are
among those species in sharpest decline. Stream chan-
nelization is a major problem throughout the basins of
the Black and Belle Rivers in Michigan, and this prac-
tice severely limits habitat available to fish and other
aquatic life (Michigan Department of Natural
Resources, 1992a). Channelization and siltation were
noted as serious limiting factors in fish-community
composition and abundance in all the tributaries to the
Maumee River investigated by OEPA (1992b,c;
1993a,b; 1994d). Elevated concentrations of suspended
sediment and siltation of streambeds in the upper Black
River Basin (Ohio) have resulted in loss of fish and
aquatic macroinvertebrate species diversity and abun-
dance (Ohio Environmental Protection Agency,
1994b).

The streams and connecting channels in the Lake
Erie Basin support biodiversity of fish and freshwater
mussel fauna, of which some are globally endangered.
For example, Fish Creek, a till-plain stream and a trib-
utary to the St. Joseph River in the Maumee River
Basin contains several species of endangered fish and
freshwater mussels. The Black, Clinton, Huron, and
Raisin Rivers in Michigan and the St. Joseph, Maumee,
Auglaize, Blanchard, Portage, upper Cuyahoga, Cha-
grin, and Grand Rivers in Ohio support native freshwa-
ter mussel populations. Extirpated, endangered,
threatened, and special-concern fish species are listed
m table 18, in the “Supplemental Data” section at the
back of the report.

Various streams of the Lake Erie-Lake St. Clair
Basin have been identified at the State level as wild,
scenic, or recreational waters. In Michigan, the Huron
River upstream from Ypsilanti, Mich., is designated as
State Natural River. In Ohio, streams are designated
State Resource Waters and (or) Wild or Scenic streams.
Segments of the Maumee River, Sandusky River, upper
Cuyahoga River, Chagrin River, and Grand River are
designated State Scenic Rivers. Part of the Grand River
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is also designated a Wild River because of the low-
intensity land use and intact riparian habitat.

The Chagrin River Basin contains isolated areas
of coolwater and coldwater habitat (Ohio Environmen-
tal Protection Agency, 1991b). Species indicative of
coolwater and coldwater streams that have been docu-
mented in the East Branch tributary to the Chagrin
River are Northern crayfish (Orconectes virilis), Great
Lakes crayfish (O. propinquus), 10 species of aquatic
insects, brook trout (Salvelinus fontinalis), longnose
dace (Rhinicthves cataractae), and redside dace (Cli-
nostomus elongatus). Among other threats to aquatic
biodiversity in the Chagrin River basin, cool and cold-
water habitats are at risk from urban development.
Such development often leads to stream-channel alter-
ation or removal of the trees (canopy) along the stream-
bank. This in turn allows more sunlight to heat the
stream than would occur under full canopy cover.

The Grand River Basin was examined in detail in
1985 (Ohio Environmental Protection Agency, 1987) to
evaluate the effects of point and nonpoint sources on
chemical quality, aquatic macroinvertebrates, fish, and
stream habitat. In general, water quality, aquatic mac-
roinvertebrate diversity and abundance, and fish diver-
sity and abundance in the Grand River main stem were
all rated as exceptional (Ohio Environmental Protec-
tion Agency, 1987). The Grand River contains the high-
est diversity of fish and freshwater mussels of any
stream of its size in the Lake Erie-Lake St. Clair Basin.
Water quality of the Grand River near the mouth is
much improved over historical conditions because
industrial waste lagoons near Painesville, Ohio, that
contributed high concentrations of dissolved solids and
chloride have been remediated (Ohio Environmental
Protection Agency, 1987).

Proliferation of Nonnative Species

The introduction of nonnative animal and plant
species to the Lake Erie-Lake St. Clair Basin is a grow-
ing water-quality and water-resources management
problem. Species such as alewife (Alosa pseudoharen-
gus), common carp (Cyprinus carpio), curly-leaf pond-
weed (Potamogeton crispus), eurasian watermilfoil
(Myriophyllum spicatum), flowering rush (Butonis
umbellatus), purple loosestrife (Lvthrum salicaria),
rusty crayfish (Orconectes rusticus), sea lamprey
(Petromyzon marinus), rainbow smelt (Osmerus
mordax), white perch (Morone americana), and zebra
mussels (Dreissena polvmorpha) have had highly visi-
ble effects that have resulted in a loss of diversity of

native species (U.S. Fish and Wildlife Service, 1993;
U.S. Environmental Protection Agency and Govern-
ment of Canada, 1995). But overfishing, eutrophica-
tion, sedimentation, toxic contamination, and
nonnative species in combination are the primary fac-
tors that have shaped the species composition and
abundance of the fish in the Lake Erie-Lake St. Clair
Basin. The changing fish-species composition in the
Lake Erie Basin is described in Herdendorf (1983).
Effects of exploitation, environmental changes, and
new species on the fish habitats and resources of Lake
Erie Basin was described by Hartman (1973).

The most notorious invader of recent years has
been the zebra mussel. It is feared that invasions of
Lake Erie and inland waters by zebra mussels may
cause ecosystem-level changes and competition with
economically and ecologically important fish and
native mussel species. Zebra mussel removal from
water intake pipes is a management concern for inland
and coastal surface-water supplies. Continued intro-
duction of nonnative species will likely change the
aquatic ecosystems in ways that are unanticipated.

Ground-Water Quality

Ground-water-quality studies in the Lake Erie-
Lake St. Clair Basin have been primarily of three types:
investigations of ambient ground-water quality, water-
supply quality, and contaminated-site monitoring and
assessment. Water-quality data from supply wells typi-
cally are representative of ground water from several
water-bearing zones, whereas water-quality data from
monitor wells at ambient and contaminated sites typi-
cally are representative of single water-bearing zones.

MDNR, MDEQ, OEPA and county health
departments in the basin monitor ground-water quality
by sampling monitor and supply wells and comparing
results to Maximum Contaminant Levels (MCL’s).
Regional-scale surveys of the quality of domestic sup-
ply wells in agricultural areas have been done by USGS
(Kolpin and others, 1993; Risch, 1993; Kolpin and
Goolsby, 1995), USEPA (1992), Heidelberg College
Water Quality Laboratory (Baker and others, 1989),
and the Michigan Department of Agriculture (Robert
Pigg, Michigan Department of Agriculture, oral com-
mun., 1995).

When a particular aquifer is the only readily
available source of water supply, special emphasis can
be given by the USEPA to communities who apply for
the designation of a “sole-source aquifer.” There are
three sole-source aquifers in the Lake Erie-Lake St.
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Clair Basin. In Ohio, two sole-source aquifers are the
Catawba/Bass Island aquifer in Ottawa County (U.S.
Environmental Protection Agency, 1987a) and the
Allen County area-combined aquifer system (U.S.
Environmental Protection Agency, 1992b); both are
carbonate-bedrock aquifers. In New York, the Cattarau-
gus Creek Basin aquifer system, a valley-fill aquifer, is
the third designated sole-source aquifer in the Lake
Erie Basin (U.S. Environmental Protection Agency.
1987b).

Unconsolidated Aquifers

Most ground water in the unconsolidated quater-
nary deposits in the Indiana, Michigan, and Ohio is
moderately hard to very hard, commonly exceeding
300 mg/L as CaCOj as a result of contact with glacial
materials of calcareous origin (Olcott, 1992; Lloyd and
Lyke, 1995). The softest water in ground-water sup-
plies in the basin is found in relatively shallow, uncon-
solidated valley-fill aquifers in western New York (La
Sala, 1968), and the hardest water is found in glacial
aquifers in northwestern Ohio and southeastern Michi-
gan (Cummings, 1989; Breen and Dumouchelle,
1991).

Major-ion and dissolved-solids concentrations
of water contained in unconsolidated glacial and recent
deposits is varied in the Lake Erie-Lake St. Clair Basin
(table 17). The median dissolved-solids concentration
for unconsolidated glacial deposits in Ohio and Indiana
is reported as 500 mg/L, which is the Secondary Max-
imum Contaminant Level (SMCL) recommended by
USEPA (Lloyd and Lyke, 1995). For the entire basin,
median dissolved-solids concentrations for the uncon-
solidated aquifers range from 115 to 413 mg/L (table
17). Concentrations of iron are typically greater than
0.3 mg/L in these unconsolidated deposits (Olcott,
1992; Lloyd and Lyke, 1995). Water in unconsolidated
deposits is predominantly of the calcium-magnesium-
bicarbonate type (Cummings, 1989; Lloyd and Lyke,
1995). Cummings (1989) reported that Michigan
ground waters in unconsolidated aquifers tend to be of
the calcium-bicarbonate type and typically contain
lower concentrations of dissolved substances than
waters in bedrock aquifers (table 17). In Michigan, sul-
fate concentrations in unconsolidated aquifers are
highest in undifferentiated glacial deposits and out-
wash (Cummings, 1989).

The unconsolidated aquifer in the far northeast-
ern tip of Indiana consists of isolated sand and gravel
lenses that are typically surrounded by silty clay and

clay till. This aquifer is confined in most areas (Ban-
aszak, 1986). Water in this till aquifer has median dis-
solved-solids concentration of 358 mg/L and is very
hard, with a median hardness of 320 mg/L as CaCO;
(Banaszak, 1986). Median chloride concentration in
the till aquifer is low at 9 mg/L, whereas median iron
concentration is relatively high at 1.9 mg/L. Water in
this aquifer is typically anoxic and can contain traces of
hydrogen sulfide because it is overlain by thick confin-
ing layers of till materials (Banaszak, 1986).

An important unconsolidated till aquifer is
present in Williams County, Ohio (Coen, 1989). The
water is predominantly of the calcium-magnesium-
bicarbonate type andis hard, with a median hardness of
290 mg/L as CaCOj3. The water also is high in iron,
with a median concentration of 1.4 mg/L, and it can
contain traces of hydrogen sulfide (Coen, 1989). After
an extensive survey of ground-water quality in north-
western Ohio, Breen and Dumouchelle (1991) reported
that shallow wells in an unconfined, surficial sand aqui-
fer underlying an urban area contained higher concen-
trations of dissolved solids, hardness, sodium, and
chloride than waters from similar types of wells in
undeveloped areas. Domestic-supply wells in undevel-
oped areas contained moderately hard water, with a
median hardness concentration of 74 mg/L as CaCOs;,
and low dissolved-solids concentrations, with a median
of 89 mg/L. In contrast, water from wells in developed
areas contained median concentrations of dissolved
solids that were about four times higher than water
from wells in undeveloped areas. Calcium, bicarbon-
ate, and sulfate were the dominant ions in the wells in
the unconfined, surficial sand aquifer in both land-use
settings.

Waters from the unconsolidated aquifer systems
in northeastern Ohio generally contain similar or some-
what higher concentrations of dissolved solids, chlo-
ride, and sulfate than water in the Upper Pennsylvanian
sandstone aquifers from the same area (Lloyd and
Lyke, 1995; table 17). Quality of water from wells in
unconsolidated aquifers in Portage County, Ohio, was
investigated in 1988 (Eberts, 1991). Water in the
unconsolidated deposits ranged in type but was typi-
cally of the calcium-magnesium-bicarbonate type. A
few wells in the unconsolidated aquifer produced water
of the calcium-sodium-bicarbonate-chloride type.
Median concentrations in samples from the unconsoli-
dated aquifer were: calcium, 82 mg/L; magnesium, 22
mg/L; bicarbonate, 232 mg/L; sulfate, 74 mg/L; and
chloride, 24 mg/L. The water was hard to very hard,

Hydrologic Setting 73



Table 17. Concentrations of major ions and dissolved solids in selected aquifers of the Lake Erie-Lake St.

Clair Basin

[Data are median concentrations or ranges of median concentrations, in milligrams per liter]

Unconsolidated aquifers (sand, gravel, or till) Carbonate aquifer Saar;c:lsi.:::le
S Guowmd N esam  cmem  OWoana N
Michigan' 2 nort_hea%tfgn Ohio357 New York MI(:l;Igan nortl!easgegrn Ohio3 10
Indiana Indiana
Calcium
25-57 67-80 82 55 57400 110-120 54
Magnesium
5.6-18 31 22 11 36-120 49-50 17
Bicarbonate
100-200 297-544 232 255 NR 300-388 254
Chloride
1.149 9-12 10-31 14 9.4-10 8-16 4.1
Sulfate
7.8-12 23 36-76 23 150-1,200 176-290 108
Dissolved solids
115-249 358 322413 296 207-2,430 617-738 407

YBanaszak. 1986.
Eberts, 1991.
La Sala, 1968.

1Cumm'mgs,l989.
Olcott. 1992.

3Lloyd and Lyke. 1995.
*Coen. 1989.

with a median hardness of 300 mg/L as CaCO3. Con-
centrations of major ions and hardness reported by
Eberts (1991) are consistent with those reported for
other unconsolidated aquifers in northeastern Ohio
(Lloyd and Lyke, 1995).

Unconsolidated aquifers in western New York
(La Sala, 1968) contain water that is a calcium-bicar-
bonate type and range widely in hardness, from 60 to
399 mg/L as CaCO;3 (moderately hard to very hard
water). Concentrations of dissolved solids were
reported to range from 103 to 536 mg/L and were
acceptable in most cases for domestic supply. Concen-
trations of major ions in unconsolidated sand and
gravel or till aquifers in western New York were varied
and were reported to increase with depth in stratified
glacial deposits (La Sala, 1968).

9Breen and Dumouchelle, 1991.
10Swisshelm and Lane, 1986.

8Nicholas and others. 1996.

Bedrock Aquifers

The chemical quality of freshwater from the car-
bonate aquifers in western Ohio, northeastern Indiana,
and southeastern Michigan is adequate or can be
treated and made adequate for most purposes (Olcott,
1992; Lloyd and Lyke, 1995; table 17). The major-ion
chemistry of carbonate aquifers of Silurian and Devo-
nian limestone and dolomite in southeastern Michigan
are highly varied (Nicholas and others, 1996). Most
carbonate aquifers in southeastern Michigan contain
water of a calcium-magnesium-bicarbonate type
(Olcott, 1992) or a calcium-bicarbonate-sulfate type as
in Monroe County, Mich. (Nicholas and others, 1996).
Where the carbonate aquifer forms the bedrock surface
and is overlain by the unconsolidated surficial aquifer,
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the carbonate aquifer contains water with dissolved-
solids concentrations in the range of 200 to 500 mg/L
(Olcott, 1992). The Dundee Limestone was reported to
have the lowest dissolved-solids concentration of all
carbonate aquifers in Michigan (Cummings, 1989).
Downdip, at or near the contact of overlying bedrock,
dissolved-solids concentrations increase to 1,000 mg/L
in the carbonate aquifer of southeastern Michigan
(Cummings, 1989; Olcott, 1992). Nicholas and others
(1996) reported that dissolved-solids concentrations in
the carbonate aquifer ranged from 207 to0 2,430 mg/L in
Monroe County, Mich. The carbonate aquifers may
also contain elevated concentrations of strontium, the
median concentration of which was 12.0 mg/L in the
Bass Islands Dolomite in southeastern Michigan
(Cummings, 1989, p. 47) and at least 10 mg/L in more
than 75 percent of samples collected in Monroe County
(Nicholas and others, 1996).

Breen and Dumouchelle (1991) reported median
hardness for water from the carbonate aquifer in north-
western Ohio to be 540 mg/L as CaCOj5 and the 25th
percentile to be 380 mg/L, indicating very hard water.
Water in the carbonate aquifer is mostly of the calcium-
magnesium-bicarbonate type in recharge areas and of
the calcium-magnesium-sulfate type in discharge arcas
(Lloyd and Lyke, 1995). Median concentrations of cal-
cium, magnesium, bicarbonate, and sulfate in the car-
bonate aquifer in northwestern Ohio were 120, 50, 300,
and 290 mg/L, respectively. Concentrations of dis-
solved solids in 25 percent of all wells sampled in Sen-
eca, Lucas, and Wood Counties and reported for the
carbonate aquifer (Breen and Dumouchelle, 1991)
were less than 500 mg/L and, as such, meet the
USEPA’s SMCL for domestic and public supply. Water
samples collected from the carbonate aquifer that con-
tained dissolved-solids concentrations between 500
and 1,000 mg/L were of the calcium-magnesium-bicar-
bonate or calcium-magnesium-sulfate type. In north-
western Ohio and southeastern Michigan, sulfate ion
replaces bicarbonate ion as the dominant anion in
waters from the carbonate aquifer whose concentra-
tions of dissolved solids are greater than 1,000 mg/L
(Breen and Dumouchelle, 1991; Nicholas and others,
1996). Water in the carbonate aquifer in northwestern
Ohio, as in southeastern Michigan, was enriched with
strontium, and the range of concentrations was
reported to be from 12.0 to 15.0 mg/L. (Breen and
Dumouchelle, 1991).

Other important aquifers in the Lake Erie-Lake
St. Clair Basin are Pennsylvanian sandstone aquifers in

northeastern Ohio, which are contained within the
Pottsville Formation (Eberts, 1991). In Ohio, calcium-
magnesium-bicarbonate is the dominant type of water
produced from the Pernsylvanian aquifers (Lloyd and
Lyke, 1995). Concentrations of iron in these aquifers
commonly exceed 0.3 mg/L (Lloyd and Lyke, 1995).

Studies of Ground-Water Contamination

The fine-textured till that mantles most of the
Lake Erie-Lake St. Clair Basin is thought to be a semi-
permeable to impermeable barrier to contamination of
underlying aquifer systems. Thickness of this protec-
tive layer is another factor that affects the vulnerability
of aquifers to contamination from sources on the land
surface. Consequently, alluvial and shallow uncon-
fined, unconsolidated aquifers were found to be more
vulnerable to contamination than underlying bedrock
aquifers in Ohio (Baker and others, 1989) and in the
midcontinental United States (Kolpin and others, 1993;
Kolpin and Goolsby, 1995). In some cases, natural fac-
tors associated with the geochemistry and lithology of
the aquifer materials, rather than human activities,
make ground water unsuitable for domestic use. For
example, ground water in Monroe County, Mich., con-
tains traces of hydrogen sulfide, manganese, and iron
that make it unsuitable for domestic uses without treat-
ment (Nicholas and others, 1996).

The degree of chemical and microbiological
contamination in the aquifers of the Lake Erie-Lake St.
Clair Basin is thought to be of much smaller magnitude
than corresponding contamination of streams for cer-
tain classes of contaminants such as fertilizers and cur-
rently used pesticides. However, once contaminated,
ground water is difficult and costly to restore to benefi-
cial use. In certain areas, ground water in the Lake Erie-
Lake St. Clair Basin is contaminated by nitrates, bacte-
ria, and volatile and semivolatile organic compounds
(Michigan Department of Natural Resources, 1992b;
Ohio Environmental Protection Agency, 1995).

Concentrations of nitrate plus nitrite-N in ground
water greater than 3 mg/L are considered to be indica-
tive of human activities, whereas concentrations
greater than 10 mg/L are considered unsuitable in a
domestic supply (Madison and Burnett, 1985; Baker
and others, 1989; Kolpin and others, 1993). Concentra-
tions of nitrate-N in ground water greater than or equal
to 3 mg/L have been detected in a small percentage of
total wells sampled, and only in certain areas of the
Lake Frie-Lake St. Clair Basin. Kolpin and Goolsby
(1995) reported on concentrations of nitrate plus
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nitrite-N in samples collected from water wells in a
study of agricultural-chemical contamination in the
midcontinent. Depending on location, from 0 to 19 per-
cent of samples collected from water wells in row-
cropped agricultural areas of the Lake Erie-Lake St.
Clair Basin contained nitrate plus nitrite-N concentra-
tions greater than or equal to 3 mg/L. (Kolpin and
Goolsby, 1995). In addition, contamination with nitrate
plus nitrite-N was related to age of water, “‘very recent”
recharged water having a higher number of detections
of elevated nitrate plus nitrite-N than older water.
Nitrate contamination was also more likely to be
detected in oxygenated ground water than in anoxic
ground water because nitrate is the dominant nitrogen
species under oxidizing conditions (Kolpin and
Goolsby, 1995).

In a statewide survey of Ohio water wells by
Baker and others (1989), only Erie, Huron, and Lake
Counties in the Lake Erie Basin were reported to have
more than 20 percent of wells producing water with
nitrate-N concentrations greater than 3 mg/L. Baker
and others (1989) also noted that nitrate contamination
in wells was more closely associated with shallow
unconsolidated aquifers than with bedrock aquifers of
Devonian and Silurian limestones and dolomites.
Breen and Dumouchelle (1991) detected concentra-
tions of nitrate plus nitrite-N in the carbonate aquifer of
northwestern Ohio that were very low, less than 0.01
mg/L, in more than half of 143 wells sampled and no
detections of nitrate plus nitrite-N in 63 of the 143
wells sampled.

Contamination of domestic supplies by total
coliform bacteria affected more wells than any other
form of contamination in Ohio (Swisshelm and Lane,
1986). In northwestern Ohio, 27 percent of domestic-
supply wells and 8 percent of public-supply wells were
reported to contain detectable levels of total coliform
bacteria. In northeastern Ohio, 22 percent of domestic-
supply wells and 6 percent of public-supply wells were
reported to contain detectable levels of total coliform
bacteria. The primary sources of total coliform bacteria
in domestic-supply wells are thought to be septic sys-
tems (Swisshelm and Lane, 1986). Breen and
Dumouchelle (1991) reported similar percentages of
contaminated domestic-supply wells in northwestern
Ohio.

Currently used pesticides have been rarely
detected in water from domestic-supply wells and other
ground-water sources in the Lake Erie-Lake St. Clair
Basin. When detected, pesticide concentrations have

been less than 0.1 pug/L in most cases. As with nitrate
contamination, unconsolidated aquifers appear to be
more vulnerable than underlying bedrock aquifers to
contamination by currently used herbicides. Contami-
nation also was related to age of water, young waters
(younger than 1953 by tritium dating) containing
higher concentrations of herbicides than older waters
(Kolpin and Goolsby, 1995). Metabolites of herbicides
were more often detected in domestic wells surveyed in
the midcontinent study than the parent herbicides and
were often present at higher concentrations (Kolpin
and others, 1993). Simazine was most commonly
detected pesticide in Ohio wells, comprising more than
60 percent of detections in the midcontinent study. In
Indiana, dicamba was detected in two wells in uncon-
solidated deposits of till and outwash in Allen and De
Kalb Counties examined as part of a 1988 USEPA
study of pesticides in ground water.

IMPLICATIONS OF ENVIRONMENTAL
AND HYDROLOGIC SETTING ON WATER
QUALITY

Natural and human-related factors associated
with the land, its uses, and the hydroclimatic system are
driving forces in the determination of water quality and
quantity. Water quality and quantity are determined by
complex interrelationships between natural factors (cli-
mate, physiography, surficial and bedrock geology,
geochemistry, and natural vegetation) and human activ-
ities (construction, paving, cultivating, fertilizer and
pesticide use, and discharge of contaminants to water,
air, land, and infiltration of contaminants to ground
water).

The chemical concentrations, physical proper-
ties, and characteristics of streamwater vary with sea-
son, year, and streamflow. However, the relation
between chemical concentration and streamflow can be
positive, negative, or nonlinear, and can change with
time and distance from natural and human-related
sources depending on whether the constituent is con-
served or degraded in the environment.

Likewise, chemical concentrations, physical
properties, and characteristics of ground water can vary
with season, year, water level and age, depth of the
water table below the land surface, and transmissivity
and geochemistry of the aquifer material. The geologic
and geochemical settings of streams and aquifers in the
basin are reflected in the dominance of calcium, mag-
nesium, bicarbonate, and sulfate ions. Major-ion char-
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acteristics of ground water are similar throughout the
basin, although concentrations are typically higher in
ground water than in surface water (tables 12 and 17).

The contaminants of greatest concern in the Lake
Erie-Lake St. Clair Basin have multiple sources, some
of which are point sources and some of which are non-
point sources. For example, the major sources of nutri-
ent enrichment of streams in agricultural basins are
nitrogen and phosphorus fertilizers. The major sources
that contribute to nutrient enrichment of streams in
urban basins are fertilizers and nitrogen-containing
compounds in discharges of treated and incompletely
treated wastewater. Many point sources of contami-
nants are largely along stream courses in the urban
areas of the basin (fig. 13). However, what are conven-
tionally thought of as primary agricultural areas also
contain many wastewater and other point-source dis-
charges and emissions (fig. 13). Major sources that
contribute to contamination by trace-level compounds
in fish, wildlife, and riverine sediments are residues of
historical industrial production and use of PCB’s, his-
torical use of organochlorine pesticides, and long-
range transport and atmospheric deposition from
source areas outside the basin. Degradation of water
quality in the basin is often exacerbated by natural fac-
tors such as atmospheric deposition, runoff, and trans-
port characteristics of streams for suspended sediment
and dissolved and suspended contaminants.

The large population of the basin and location of
major urban areas at the shore of Lake Erie and along
rivers are factors that lead to contamination of lakes
and streams with bacteria and other microorganisms
whose sources are domestic sewage, stormwater, and
combined-sewer overflows. Bacterial contamination
was identified as an impairment to human health and
recreation at 7 of 11 AOC’s. Bacterial water-quality
standards for recreation are frequently exceeded during
runoft in the Clinton, Rouge, Maumee, Black, and
Cuyahoga Rivers and at Presque Isle Bay (International
Joint Commission, 1994).

The chemicals used in greatest quantity in the
Nation—fertilizers and pesticides—are used widely in
the basin for agricultural purposes. Hydrologic factors
such as precipitation, runoff, and infiltration play a key
role in delivering agricultural contaminants to streams
and aquifers. Unlike urban streams, oxygen depletion
is not characteristic of streams draining row-cropped
agricultural basins unless there is runoff of animal
waste. However, because of the agricultural use of fer-
tilizers and pesticides and the cultivation of large tracts

of land, nutrient, pesticide, and sediment runoff are
water-quality concerns.

Accelerated sediment runoff is a result of various
land-disturbance activities in urban and agricultural
settings. Erodibility of soils and bedrock, presence of
natural vegetation or agricultural crops, and slope of
the land determines the concentration and amount of
sediment and chemical constituents transported by
streams. Jones and others (1977) associated water qual-
ity with soil and type of surficial materials in three sub-
basins of the Maumee River. The fine-textured, clay-
rich soils yielded the highest concentrations of sedi-
ment to streams. In general, the sediment eroded to
streams in the Maumee River Basin is finer textured
and more enriched with clays than that of the surface
horizon of nearby soils (Rhoton and others, 1979).
Streams such as the Clinton River and River Raisin
drain areas composed of moderately well-drained soils
with lower clay content than is typical of the Maumee,
Sandusky, and Cuyahoga River Basins, which are areas
composed of moderately poor to very poorly drained
soils with higher clay content. The Clinton and Raisin
Rivers yield a proportionately smaller amount of sus-
pended sediment per square mile than the Maumee
River and its tributaries and the Sandusky and Cuya-
hoga Rivers, which yield the largest amounts of sus-
pended sediment in the basin (table 16). Erodible shale
bedrock is another source of sediment in the Cuyahoga
River Basin.

The unconsolidated and bedrock aquifers in the
Lake Erie-Lake St. Clair Basin are vulnerable to both
natural and human sources of contamination. Elevated
concentrations of iron, manganese, and dissolved sol-
ids can be the result of the geochemical makeup of the
aquifer matrix, the thickness and type of drift overlying
the aquifer, and the past and current land-use practices
above the aquifers.

Where aquifers in the Lake Erie-Lake St. Clair
Basin are at or near the land surface, there is a potential
for contamination from activities that occur on the sur-
face. Two examples of this general model are glacial
aquifers (generally, coarse-grained stratified drift) that
are unconfined and shallow or exposed at land surface,
and fractured bedrock aquifers that are overlain by 50
ft or less of permeable glacial material (fig. 7). This
configuration of permeable materials at or near the land
surface will greatly increase the likelihood of ground-
water contamination. Such areas of potential vulnera-
bility of ground water to contamination are located in
unconsolidated and unconfined or semiconfined glacial
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aquifers in southeastern Michigan, northeastern Ohio,
and western New York. Areas of potential vulnerability
of ground water to contamination in bedrock aquifers
are located in northwestern Ohio where till thinly man-
tles the fractured limestone and dolomite aquifers.

Several examples of the types of contamination
that have affected these aquifers are application of
nitrogen fertilizers, chloride contamination from devel-
opment of oil and natural gas resources during the late
1800’s and early 1900’s, and, more recently, applica-
tion of deicing chemicals. Another example is contam-
ination by VOC’s from practices related to the handling
and disposal of cleaning solutions and other types of
commercial and industrial solvents.

If the aquifer is buried by a less permeable unit
(till or fine-grained stratified deposits), the less likely
the aquifer is to be contaminated by surface activities.
This appears to be the case in most of the basin (fig. 7).
If the matrix of the aquifer contains minerals that can
provide a source of ions in ground water, the quality of
this water can be affected. Elevated concentrations of
chloride, sulfate, iron, manganese, organic carbon, and
dissolved solids have been detected in aquifers
throughout the basin (table 17).

SUMMARY AND CONCLUSIONS

The Lake Erie-Lake St. Clair Basin is one of 59
stream and aquifer systems being studied or planned
for study as part of the National Water-Quality Assess-
ment (NAWQA) Program. The investigation of a study
unit will include 6 years of intensive assessment activ-
ities followed by 4 years of low-level activities.

The Lake Erie-Lake St. Clair Basin has an area
of approximately 22,300 mi’ and includes parts of Indi-
ana, Michigan, Ohio, Pennsylvania, and New York.
Major water-quality issues in the basin include assess-
ment of discharges of oxygen-demanding wastes,
nutrients, trace elements, and trace organic substances.
In certain streams in the basin, oxygen-demanding
wastes, ammonia-N, and organic chemicals continue to
be factors in nonattainment of water-quality standards
for protection of aquatic life.

The basin has a temperate climate with mean
annual precipitation generally increasing from west to
east. The mean annual precipitation ranges from about
32 to 44 in., and the mean annual air temperature
ranges from 47 to 50°F. Average potential evapotrans-
piration is fairly uniform throughout the basin, at 35 to
36 in/yr.

The Lake Erie-Lake St. Clair Basin includes
parts of the Appalachian Plateaus and the Central Low-
land Physiographic Provinces. These two major physi-
ographic provinces include varied topographic and
geomorphic features that affect the hydrology of the
basin. Within the basin, altitudes range from 570 ft
above sea level in the Eastern Lake Section of the Cen-
tral Lowland Province to more than 1,300 ft above sea
level in the Southern New York Section of the Appala-
chian Plateaus Province. Topography in the basin
includes areas of nearly flat land; low, rolling hills with
low relief; low, rolling hills with moderate relief; and
steep-sided hills with deeply incised river valleys.

The sedimentary, glacial, and recent strati-
graphic units that compose the shallow ground-water
flow system in the basin range in age from Middle Sil-
urian through Quaternary. These sedimentary rocks
have been deformed by tectonic forces, and they have
been eroded differentially by fluvial and glacial forces.
The Silurian rocks consist primarily of carbonate rocks
that include dolomite, limestone, shale, and variable
amounts of evaporites. The Devonian rocks consist of
both carbonates and shales that include limestone,
shale, dolomite, and evaporites. Rocks of Mississip-
pian age consist of shale, sandstone, and interbedded
sandstone and shale. The Pennsylvanian rocks consist
of sandstone, shale, and interbedded limestone and
coal.

Alfisols and Inceptisols are the principal soil
types in the basin; four other minor soil orders (Mol-
lisols, Histisols, Entisols, and Spodosols) are of minor
significance. These soils are mildly weathered because
of their relatively young age as compared to soils in
areas that have not been glaciated. These soils are gen-
erally poorly drained over most of the basin, with the
exception of areas in the Appalachian Plateaus Prov-
ince.

Population in the basin was approximately 10.4
million people in 1990. Detroit, Mich., Cleveland,
Ohio, and Buffalo, N.Y., and surrounding metropolitan
areas represent roughly 62 percent of the population in
the basin. Detroit, Mich., is the largest city in the basin
with a population of just over 1 million, not including
the suburbs.

Land use in the basin is predominantly agricul-
tural (75 percent in the mid-1970’s). Row-crop farming
prevails in northeastern Indiana and northwestern
Ohio. Pasture and forage crops are the principal agri-
cultural land use in northeastern Ohio, northwestern
Pennsylvania, and western New york. Urban land use
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(11 percent in the mid-1970’s) and forested land cover
(10 percent in the mid-1970’s) account for approxi-
mately 21 percent of the land area in the basin. The
remaining 4 percent of land in the basin is composed of
water, wetlands, rangeland, and barren land.

Total water use averaged 10,649 Mgal/d in the
basin in 1990. Approximately 98 percent was with-
drawn from surface-water sources and 2 percent from
ground-water sources. Power-generation facilities
withdrew an estimated 8,193 Mgal/d in 1990, account-
ing for about 77 percent of total water withdrawals for
the basin.

The eight principal streams are the Clinton,
Huron, Raisin, Maumee, Sandusky, Cuyahoga, and
Grand Rivers, and Cattaraugus Creek. The Maumee
River, the largest stream in the basin, drains 6,609 miZ.
Unit runoff ranges from 0.64 ft3/s/mi” in the Black
River in Michigan to 1.70 £t3/s/mi® in Cattaraugus
Creek in New York. Runoff increases from west to east
in the basin.

The glacial and recent deposits comprise the
unconsolidated aquifers and confining units within the
basin. Yields of wells completed in tills range from 0 to
20 gal/min but are generally near the lower end of this
range. Fine-grained stratified deposits can be expected
to yield from 0 to 3 gal/min and coarse-grained strati-
fied deposits from 0.3 to 2,050 gal/min. Pennsylvanian
sandstones can yield more than 25 gal/min but gener-
ally yield from 10 to 25 gal/min. Mississippian sand-
stones in the basin can yield 2 to 100 gal/min, with a
very few wells producing as much as 200 gal/min. The
Mississippian and Devonian shales are considered to be
a confining unit that can produce only small quantities
of water from fractures at or near the bedrock surface.
Wells completed in the Devonian and Silurian carbon-
ates generally yield from 25 to 500 gal/min, but higher
yields have been reported for several zones.

Most streams in the Lake Erie-Lake St. Clair
Basin have moderately hard to very hard water as a
result of contact with limestone and dolomite and surf-
icial materials of shale, limestone, or dolomite origin.
The lowest hardness concentrations (softest waters) are
found in small streams in far northeastern Ohio, in the
Grand and Ashtabula Rivers and Conneaut Creek, and
in western New York in Cattaraugus Creek and smaller
streams to the west. The highest hardness concentra-
tions are found in streams in southeastern Michigan
and near Buffalo, N.Y.

Surface-water quality in the Lake Erie-Lake St.
Clair Basin has generally improved since the 1960°s;

however, the amounts of nitrogen and phosphorus fer-
tilizers, herbicides and insecticides, and sediment dis-
charged to Lake Erie from its basin are higher than in
any other basin of the Great Lakes. Although trends in
phosphorus concentrations for the Raisin, Maumee,
Sandusky, Cuyahoga, and Grand Rivers and for point
sources have been downward, trends in nitrate-N con-
centrations for the Raisin, Maumee, and Sandusky Riv-
ers have been upward.

Pesticide concentrations are detected in streams
draining row-cropped areas of the Lake Erie-Lake St.
Clair Basin after application and runoff in the spring
and early summer. Peak concentrations of atrazine can
range from much less than 1.0 pg/L in samples col-
lected during preapplication runoff to 35 ug/L or more
in samples collected during postapplication runoff.

The Maumee River is the single largest source of
sediment to Lake Erie and discharges more tons per
year of suspended sediment than any other tributary in
the Great Lakes Basin. The Sandusky River discharges
the second greatest amount of sediment (tons per year)
to Lake Erie.

Bacteriological sampling in urban watersheds
indicates that elevated concentrations of fecal coliform
bacteria and E. coli are associated with runoff; sources
are discharges from combined sewers and sanitary sew-
ers and bypasses of incompletely disinfected wastewa-
ter. An example has been the Cuyahoga River Basin,
where concentrations of fecal coliform and E. coli bac-
teria are greatly elevated above recreational body-con-
tact standards during runoff.

Most ground water in the Lake Erie-Lake St.
Clair Basin is moderately hard to very hard, with con-
centrations ranging from 60 to 560 mg/L as CaCOs.
The lowest hardness concentrations (softest water) in
ground-water supplies are found in relatively shallow,
unconsolidated aquifers in western New York, and the
highest hardness concentrations are found in carbonate
and sandstone aquifers. Although water contained in
glacial deposits is typically lower in dissolved solids
and major ions than water contained in bedrock,
ground water and surface water are both typically of the
calcium-bicarbonate-sulfate type.

Concentrations of nitrate-N in ground water
greater than or equal to 3 mg/L have been detected in a
small percentage of wells sampled in certain areas of
the Lake Erie-Lake St. Clair Basin. In ground-water
samples from the Michigan, Indiana, and Ohio areas, 0
to 19 percent had nitrate plus nitrite-N concentrations
greater than or equal to 3 mg/L. In addition, contami-
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nation with nitrate plus nitrite-N was related to age of
water, recently recharged water having the higher num-
ber of detections of elevated nitrate plus nitrite-N. Cur-
rently used pesticides have been rarely detected in
domestic-supply wells and other ground-water sources
in the Lake Erie-Lake St. Clair Basin. In most cases,

when detected, pesticide concentrations have been less
than 0.1 pug/L.
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Table 18. Fish species that are extinct, endangered, threatened, or of special concern in the Lake Erie-
Lake St. Clair Basin'—Continued

Special concern

Extirpated Endangered Threatened or interest

INDIANA muskellunge bluebreast darter eastern sand darter

(Esox (Etheostoma camurum) (Ammocrypta pellu-
masquinongy) cida)
harelip sucker Tippecanoe darter blue sucker (Cycleptus
(Lagochila (Etheostoma elongatus)
lacera) tippecanoe)
variegate darter (Etheo- river redhorse (Mox-
stoma ostoma
variatim) carinatum)
gilt darter (Percina greater redhorse
evides) (Moxostoma valenci-
ennesi)
MICHIGAN Arctic grayling ironcolor shiner (Notro-  redside dace (Clinosto-
(Thymallus arcticus)  pis chalybaeus) muselongatus)
weed shiner (Notropis creek chubsucker
texanus) (Erimyzon oblongus)
northern madtom (Notu-  river redhorse (Moxos-
rus stigmosus) toma carinatumn)
river darter (Percina silver shiner (Notropis
shumardi) photogenis)
pugnose minnow (Opso-
poeodus emiliae)
southern redbelly dace
(Phoxinus erythro-
gaster)
sauger (Stizostedion
canadense)

NEW YORK eastern sand darter black redhorse (Mox-
(Ammocrypta ostoma duquesnei)
pellucida)
spoonhead sculpin (Cot- long head darter
tus ricei) (Percina macroceph-

ala)

OHIO pugnose shiner pirate perch (Aphre- silver lampery (Ichthyo-  eastern sand darter

(Notropis anogenus)

gilt darter (Percina
evides)

doderus savanus)

longnose sucker
(Catostomus catosto-
mus)

MYZON unicuspis)

river darter (Percina
shumardi)

(Ammocrvpta pellu-
cida)

muskellunge (Esox
masquinongy)
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Table 18. Fish species that are extinct, endangered, threatened, or of special concern in the Lake Erie-
Lake St. Clair Basin'—Continued

Special concern

Extirpated Endangered Threatened or interest
OHIO—Continued western banded killifish Towa darter (Etheo-
(Fundulus diaphanus stoma exile)
menona)
northern brook lampery river redhorse (Mox-
(Ichthyomyzon fossor) ostomacarinatum)
spotted gar (Lepisosteus brook trout (Salveli-
oculatus) nus fontinalis)
greater redhorse (Mox- lake troout (Salveli-
ostoma valenciennesi) nus namaycush)

popeye shiner (Notropis
ariommuts)

bigeye shiner (Notropis
boops)

blacknose shiner (Notro-
pis heterolepis)

blackchin shiner (Notro-
pis heterodon)

northern madtom (Notu-
rus stigmosus)

pugnose minnow (Opso-
poeodus emiliaes)

channel darter (Percina
copelandi)

!Scientific names are consistent with Robins and others, 1991.
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