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CONVERSION FACTORS AND VERTICAL DATUM

Multiply By To obtaln
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
mile (mi) 1.609 kilometer
acre 0.4047 hectare
square mile (mi2) 2.590 square kilometer
foot per mile (ft/mi) 0.1894 meter per kilometer
cubic foot per second (ft’/s) 0.02832 cubic meter per second
gallon per minute (gal/min) 0.06309 liter per second
ton (short) 0.90718 metric tons

Chemical concentrations and water temperature are given in metric units. Chemical concentration is given in milligrams per liter
(mg/L) or micrograms per liter (1g/L). Milligrams per liter is a unit expressing the concentration of chemical constituents in
solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter is equivalent to one
milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as for concentraions in parts per
million.

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

F = 1.8(°C) + 32

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.
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IDENTIFICATION OF SAMPLE-COLLECTION SITE

In water-quality data tables, collection sites are identified as follows:

Surface-
water Station Basin
site number code Station name Latitude Longitude
03116950 G-2 NEWMAN CNR (LAT 4049 22N LONG 081 33 06W)
MASSILLON OH
Ground-
water Station Local Owner and
site number number location Latitude l.ongitude

403830081220700 TU-53 US POST OFFICE AT (LAT 4038 30N LONG 081 22 07W)
SANDYVILLE OH

STANDARD ABBREVIATIONS USED IN STATION NAMES

AB Above C Creck L  Little NR Near TR Tributary
B  Branch E East LK Lake R River W West
BK Brook F Fork M Middle RN Run

BL Below G Great N North S South

Identification of Sample-Collection Site

Ix






Geologic Setting and Water Quality of Selected
Basins in the Active Coal-Mining Areas of Ohio,
1989-91, with a Summary of Water Quality for

1985-91

By Alan C. Sedam and Donna S. Francy

ABSTRACT

This report presents streamwater- and
ground-water-quality data collected to charac-
terize the baseline water quality for 21 drain-
age basins in the coal-mining region of eastern
Ohio. The study area is mostly within the
unglaciated part of eastern Ohio along the
western edge of the Appalachian Plateaus
Physiographic Province. The data collected
from 1989-91 and presented in this report rep-
resent the third and final phase of a 7-year
study to assess baseline water quality in Ohio’s
coal region during 1985-91.

During 1989-91, 246 samples from
41 streamwater sites were collected periodi-
cally from a long-term site network. Ranges
and medians of measurements made at the
long-term streamwater sites were the follow-
ing: specific conductance, 270 to 5,170 and
792 microsiemens per centimeter at 25 degrees
Celsius; pH, 2.7 t0 9.1 and 7.8; and alkalinity,
1 to 391 and 116 mg/L (milligrams per liter).
Ranges and medians of laboratory analyses of
the same samples were the following: dis-
solved sulfate, 13 to 2,100 and 200 mg/L; dis-
solved aluminum, <10 to 17,000 and 300 pg/L
(micrograms per liter); dissolved iron, <10 to
53,000 and 60 pg/L; and dissolved manganese,
<10 to 17,000 and 295 pg/L.. The ranges for
concentrations of total recoverable aluminum,
iron, and manganese were similar to the ranges
of concentrations found for dissolved constitu-
ents. Medians of total recoverable aluminum
and iron were about 10 times greater than the
medians of dissolved aluminum and iron.

During 1989-91, once-only sample collec-
tions were done at 45 streamwater sites in
nine basins chosen for synoptic sampling. At
several sites in the Middle Hocking River
basin and Leading Creek basin, water had low
pH and high concentrations of dissolved sul-
fate and total recoverable and dissolved alumi-
num, iron, and manganese. These water-.
quality characteristics are commonly associ-
ated with acid mine drainage.

Throughout the entire 7-year study (1985-
91), medians for most constituents at the long-
term streamwater-sampling sites were fairly
consistent, despite the geographic diversity of
the study area. Waters from several long-term
sites, including several sites in the Moxahala
Creek and Middle Hocking River basins, had
low pH and high concentrations of several
constituents, including dissolved sulfate, iron,
aluminum, and manganese; this combination
of characteristics is indicative of acid drainage
from surface-mining operations. At many of
the streamwater sites where concentrations of
these constituents were high, pH values in the
neutral or alkaline range were indicative of
stream buffering by carbonate rock or restora-
tion of mined lands in the drainage system.
The basins with sites in this category include
Yellow and Cross Creeks and Wheeling Creek
basins. Water quality at other sites showed lit-
tle or no effects from surface mining.

Ground-water samples collected during the
last phase of the study (1989-91) were mostly
from unconsolidated aquifers. The waters
were generally hard to very hard and calcium
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bicarbonate in type. During the entire 7-year
study period, medians of pH in ground-water
samples varied little, and most values were in
the alkaline range. Except for a few sites
where concentrations of dissolved sulfate
exceeded 250 mg/L and concentrations of total
recoverable and dissolved iron and manganese
exceeded 1,000 pg/L, the quality of ground
water at the wells sampled in the study area
showed little effect from coal mining.

INTRODUCTION

Coal is Ohio’s most important mineral
resource. At present, coal production is nearly
a $1 billion industry. In 1989, the value of coal
was about equal to that of all of the other min-
eral commodities in Ohio, including oil and
gas (Lopez, 1991, p. 9).

Ohio coal production, which was nearly
48 million tons in 1918, generally declined
after World War I until the 1940’s, when pro-
duction increased to fulfill the needs of World
War II. The greatest production was 55 mil-
lion tons in 1970. In 1989, Ohio coal produc-
tion was 31.4 million tons, about 57 percent of
the 1970 peak. According to Cariton (1991),
much of the decline can be attributed to envi-
ronmental constraints imposed by Federal leg-
islation on the coal industry in 1970, 1979, and
1990 to improve air quality and to the rela-
tively high sulfur content of Ohio coals.

Surface mining, which began in Ohio just
before World War 1, grew rapidly after World
War 11, and, in 1989, accounted for 65.5 per-
cent of coal mined in the State. Except for
some efforts in the 1930’s to seal off under-
ground mines, which produced acid drainage
(Federal Water Pollution Control Administra-
tion, 1968), little environmental control was
placed on coal-mining practices until 1948,
when the State’s first surface-mining law was
passed. Overall, the law was ineffective
because many mine operators found it cheaper
to forfeit their reclamation bonds than to do
postmining restoration; the result was a sub-

stantial increase in abandoned surface-mined
lands. This situation prompted enactment in
1972 of the Nation’s most comprehensive (at
the time) surface-mine reclamation law, which
required “. . . extensive preplanning of mining
and subsequent reclamation, and compliance
with mining rules and regulations to insure res-
toration of areas affected by strip mining”
(Ohio Board on Unreclaimed Strip Mined
Lands, 1974, p. 2). The Ohio law was modi-
fied to conform to the U.S. Surface Mining
Control and Reclamation Act of 1977 (Public
Law 95-87), which provides for money col-
lected from Federal fees on surface-mined coal
to be used by the State in reclamation of aban-
doned surface-mined lands (U.S. Department
of the Interior, 1979).

The Ohio Department of Natural
Resources (ODNR), Division of Reclamation,
is responsible for issuing coal-mining permits
and enforcing regulations regarding restoration
and reclamation of mined lands. When the
1972 law was enacted, the Board on
Unreclaimed Strip Mined Lands was set up to
assess the State’s abandoned surface-mined
lands and to make recommendations for reme-
diation of these properties (Ohio Board on
Unreclaimed Strip Mined Lands, 1974). Vari-
ous studies have been done by Federal and
State agencies during the past two decades.
The Division of Reclamation found that sys-
tematic compilation of baseline hydrologic
data was needed to facilitate the agencies’ pro-
cessing of coal-mining permits in unmined
areas and in areas of active mining. In addi-
tion, long-term collection of these baseline
data could help in the assessment of cumula-
tive hydrologic effects of coal mining over the
years on surface-water and ground-water sys-
tems throughout eastern Ohio.

In 1984, preliminary discussions between
the U.S. Geological Survey (USGS) and the
ODNR, Division of Reclamation, led to devel-
opment of a 7-year cooperative study that
began in 1985 with the establishment of a
long-term surface-water site network for
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Middle Muskingum River, Middle Hocking
River, and Leading Creek basins (fig. 1, basins
N, Q, and QQ). Because of two previous stud-
ies in Raccoon Creek basin (Wilson, 1985,
1988), no short-term streamwater sites were
chosen in the Lower Raccoon Creek basin
(fig. 1, basin S) for synoptic data collection.

In the 10 drainage basins selected for syn-
optic data collection, short-term ground-water
sites were chosen to represent water quality in
shallow, productive aquifer(s) in the basin.
Ground-water-resource maps and drillers’ logs
on file at ODNR, Division of Water, were used
to locate prospective areas of shallow ground
water and well locations that could be used for
sampling. Much of the study area is served by
water wells supplying small amounts for
domestic purposes. The wells range from
shallow (less than 50 ft) to deep (more than
50 ft), but most produce water from bedrock.
The investigation focused on aquifers that
could serve as a public or industrial water sup-
ply. Shallow, productive aquifers were found
in 7 of the 10 basins. Water levels were mea-
sured when possible, and water-quality sam-
ples were collected from 28 wells during late
summer and autumn 1991 as part of the one-
time synoptic sampling.

Measurements of streamflow, specific con-
ductance, pH, temperature, alkalinity, and
acidity were made at each streamwater site.
Streamflow was measured by the methods
described in Rantz and others (1982). Specific
conductance, pH, temperature, and alkalinity
were determined by the methods discussed in
Fishman and Friedman (1989). For water
samples having pH greater than 6.5, alkalinity
was determined by fixed-endpoint titration.
Acidity was determined on water samples hav-
ing pH less than 5.0 by use of the hot-perox-
ide-treatment method (American Public Health
Association, 1985). If the pH of the stream
was 5.0 to 6.5, both alkalinity and acidity
were determined. Water samples for chemical
analysis were collected according to the
equal-transit-rate/equal-width-increment

method (U.S. Geological Survey, Office of
Water Data Coordination, 1977) for all streams
deeper than 0.5 ft. For streams shallower than
0.5 ft, grab samples were collected. Samples
were analyzed for concentrations of dissolved
sulfate and for total recoverable and dissolved
iron, manganese, and aluminum at the USGS
National Water Quality Laboratory in Arvada,
Colo.

Ground-water sampling procedures con-
sisted of selecting wells in current use, inspect-
ing the system to avoid treatment devices, and
allowing the well to pump long enough to
ensure that the water sample was representa-
tive of the formation. Ground water was con-
sidered to be representative of the formation
when water-quality properties (specific con-
ductance, pH, and temperature) stabilized.
Field measurements were made in a sample
bucket for specific conductance, pH,
dissolved-oxygen concentration, and tempera-
ture according to the methods discussed in
Fishman and Friedman (1989). Alkalinity was
determined by fixed-endpoint titration, and
bicarbonate concentration was calculated from
the alkalinity. Water levels were measured by
use of a steel tape when possible.

Laboratory analyses of ground-water sam-
ples were done at the USGS National Water
Quality Laboratory and included concentra-
tions of the following constituents:

Total recoverable and dissolved aluminum

Dissolved sulfate

Total recoverable and dissolved iron

Total recoverable and dissolved manganese

Dissolved silica

Dissolved calcium

Dissolved magnesium

Dissolved sodium

Dissolved chloride

Dissolved potassium

Dissolved organic carbon

Total dissolved solids (residue on
evaporation at 180°C).

Methods of Study 15



Total hardness was calculated from the
sums of the concentrations of calcium and
magnesim, and noncarbonate hardness was
calculated by subtracting the alkalinity from
total hardness. In some sample analyses, the
amounts of dissolved iron, aluminum, or man-
ganese exceeded the total recoverable concen-
trations found for the same constituent. This
difference was generally less than 10 per-
cent, and is not unusual given the analytical
accuracy.

WATER QUALITY OF THE
STUDY AREA, 1989-91

Local geology and the extent to which the
area has been mined are two important factors
that can affect water quality of streams and
local aquifers within the study area. Acid
mine drainage can cause degradation of
streamwater quality in mined areas and can be
a potential threat in unmined areas. In addition
to acid mine drainage, increased concentra-
tions of constituents that can adversely affect
aquatic biota of the stream may be present as a
result of mining (Wangsness, 1982).

The principal source of acid mine drainage
is the widespread presence of sulfur-bearing
minerals, such as pyrite and marcasite, in coal-
bearing strata. Mining exposes these minerals
to air and water. This exposure leads to chem-
ical changes, such as the oxidation of sulfides
to sulfates, that commonly result in increased
acidity to surface runoff. In some places, lime-
stone is present and serves as a buffer by neu-
tralizing some of the acidic drainage.

Streamwater at Long-Term Sites, 1989-91

The 41 long-term sites were sampled
6 times between August 1989 and October
1991 to obtain a total of 246 samples. Specific
conductance, pH, alkalinity, and (or) acidity;
concentrations of dissolved sulfate, iron, man-
ganese, and aluminum; and concentrations of
total recoverable iron, manganese, and alumi-

num were used to assess the baseline water
quality of major streams in the study area.
Ranges and medians of these properties and
constituents are summarized in table 2 for the
41 long-term surface-water sites. Site identifi-
ers for lower- and upper-range values corre-
spond to the long-term site-sampling locations
shown in figure 6. Ranges and percentiles
(including medians) of constituents are pre-
sented graphically in figure 7, and detailed
analyses are given in table 31 at the back of the
report.

Specific conductance, the ability of a sub-
stance to conduct electricity, increases as ion
concentration increases (Hem, 1989). Among
the 246 samples from the long-term site net-
work, median specific conductance was 792
pS/cm and the range was 270 puS/cm (at site T-
1) to 5,170 pS/cm (at site QQ-1). Specific
conductance was greater than 1,000 uS/cm for
all six sampling rounds at nine sites: B-2, B-3,
C-1,C-2,K-1, M-2, N-2, O-1, and O-2.

The pH of natural waters is a measure of
the acid-base equilibrium achieved by the vari-
ous dissolved compounds, salts, and gases.
Values of pH less than 7 indicate acidic solu-
tions, and those greater than 7 indicate alkaline
solutions. Values of pH in the acidic range
were found at sites O-1, O-2, Q-1, and Q-2. Of
the 24 samples collected in 1989 to 1991 at
these sites, the pH ranged from 2.7 to 6.7 and
the median was 3.4. For these 24 samples,
specific conductances were high, ranging from
809 to 2,180 uS/cm. The high specific con-
ductance and low pH found at these sites are
characteristic of water affected by coal mining.
In contrast, pH of samples from sites B-2, B-3,
C-1, C-2, K-1, M-2, and N-2 was in the alka-
line range, although specific conductances at
these sites were greater than 1,000 uS/cm. For
these sites, acid mine drainage may have been
neutralized by interaction with carbonates
present as limestone or calcareous shales and
sandstones. In the set of 246 samples collected
at the long-term streamwater sites, 140 of the
pH values were 7.8 or greater.
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Table 2. Ranges and medians for selected water-quality characteristics for long-term streamwater sites in
active coal-mining areas of Ohio, 1989-91

[mg/L, milligrams per liter; ug/L., micrograms per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Property or Locations?
constituent Range (fig. 6) Median

Specific conductance,

in puS/em------------- 270 t0 5,170 T-1; QQ-1 792
pH 2.7t09.1 0-2; A-1 7.8
Alkalinity, in mg/L

PRY O 0/¢ Fu—— 1to 391 Q-1; K-1 b116
Acidity, in mg/L

asCaCO5_______ 610 183 0-1; Q-2 5118
Sulfate, dissolved,

in mg/L as SO4----- 13 t0 2,100 J-1; QQ-1 200
Aluminum, total,

in pg/L as Al-------- 10 to 16,000 D-3,M-1; Q-1 240
Aluminum, dissolved,

inug/L as Al----—-- <10 to 17,000 Several sites; Q-1 30
Iron, total,

in pug/L as Fe-------- 20 to 54,000 D-3; Q-2 610
Iron, dissolved,

in pg/l. as Fe-------- <10 to 53,000 Several sites; Q-2 60
Manganese, total,

in pg/l. as Mn------- 10 to 15,000 D-3;0-2 355
Manganese, dissolved,

in pg/L as Mn------- <10 t017,000 B-1,D-3;0-2 295

2 Sites at which the minimum values in the ranges were measured are to the left of the semicolon. Sites at which
the maximum values in the ranges were measured are to the right of the semicolon.

b Median was calculated on the basis of only those samples for which acidity or alkalinity could be measured (see
“Methods,” p. 14).
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“Buffering capacity,” the ability to neutral-
ize additions of acids or bases without a
change in pH, is controlled by the concentra-
tion of alkalinity and acidity in water (U.S.
Environmental Protection Agency, 1986). The
median alkalinity in the long-term network
was 116 mg/L as CaCQOs3, and the range was
1 mg/L (at site Q-1) to 391 mg/L (at site K-1).
Of the 246 samples collected, 21 had measur-
able acidity in the range of 6 mg/L as CaCOj;
(at site O-1) to 183 mg/L (at site Q-2) (table
31). High acidity is commonly associated with
acid mine drainage.

The presence of high (greater than
250 mg/L) dissolved-sulfate concentrations
can be an indicator of drainage from coal-
mined areas. At four sites where pH was in the
acidic range (sites O-1, O-2, Q-1, and Q-2),
dissolved-sulfate concentrations also were
high. Water from site QQ-1 had a wide range
of dissolved-sulfate concentrations over the six
samplings and had the highest dissolved-
sulfate concentration of water from any site
(2,100 mg/L); pH was greater than 7.0 at
this site. Neutral or alkaline pH and high
dissolved-sulfate concentrations were found at
numerous other sites, including sites B-2, B-3,
C-1,C-2,D-2,H-1, J-2, K-1, L-2, M-2, N-2,
and O-3. Data have shown that sulfate con-
centrations, once elevated, do not return to
their premining levels, even after reclamation
(Pfaff and others, 1981; Hren and others,
1984).

Concentrations of dissolved aluminum,
iron, and manganese are known to be elevated
during and immediately after mining (Dyer
and Curtis, 1977). Water from sites O-2 and
Q-1 had consistently high concentrations of all
three metals, water from site Q-2 had high
concentrations of iron and manganese, and
water from site O-1 had high concentrations of
manganese. At all of these sites, pH was in the
acidic range.

Aluminum is present only in small quanti-
ties in natural waters; however, waters whose
pH is in the acidic range commonly have high

concentrations of aluminum (Ward and
Wilmoth, 1968). Concentrations of dissolved
aluminum ranged from less than 10 pg/L (at
several sites) to 17,000 pug/L (at site Q-1); the
median was 30 pg/L.. The range of concentra-
tions and the median concentration of total
recoverable aluminum were similar to those
for dissolved aluminum.

Concentrations of iron in water, though
generally low, are strongly determined by the
chemistry of the water (Hem, 1989). More
than 1,000 to 2,000 pg/L of soluble iron in
streamwaters generally indicates acidic con-
tamination from mine drainage or other
sources (Ward and Wilmoth, 1968). The con-
centration of dissolved iron ranged from less
than 10 pg/L (at several sites) to 53,000 pg/L
(at site Q-2). Concentrations of total recover-
able iron ranged from 20 pg/L (at site D-3) to
54,000 pg/L (at site Q-2). The median con-
centration for total recoverable iron (610 pg/L)
was about 10 times greater than the median
concentration for dissolved iron (60 pg/L).

Small amounts of manganese are present in
dolomite and limestone as a substitute for cal-
cium. More than 1,000 pg/L of dissolved
manganese can be present in streams receiving
acid mine drainage (Hem, 1989). Concentra-
tions of dissolved manganese ranged from less
than 10 pg/L (at sites B-1 and D-3) to
17,000 pg/L (at site O-2); the median was
295 ng/L. The range of concentrations and the
median concentration of total recoverable
manganese were similar to those for dissolved
manganese.

In most samples from the Middle Hocking
River basin (fig. 1, basin Q) and Moxahala
Creek basin (fig. 1, basin O), pH was in the
acidic range, and high concentrations of the
constituents commonly associated with acid
mine drainage were present, including sulfate,
iron, aluminum, and manganese. The rem-
nants of past mining activities are clearly
visible in the basins.
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Ground Water

Coal-mining activity can affect the flow or
quality of ground water in an aquifer, espe-
cially in shallow aquifers in the same small
watershed that is being mined (Eberle and

Razem, 1985) . Shallow sources of ground
water are present in many places throughout
the coal-bearing region of eastern Ohio; how-
ever, those that are capable of furnishing
enough water for commercial or small indus-
trial purposes are mostly restricted to a few
major valleys. The unconsolidated alluvial
deposits along the Ohio River valley are not
included in the scope of this study.

In this study, the water quality of shallow,
productive ground-water sources along
Conotton Creek, Walhonding River, and
Lower Wills Creek were evaluated (fig. 1,
basins F, J, and L, respectively). Farther south,
shallow, productive sources of ground water
were evaluated in the Upper and Middle
Hocking River drainage basins (fig. 1, basins P
and Q) and Upper and Middle Muskingum
River drainage basins (fig. 1, basins M and N).

Elsewhere, shallow ground-water sources,
whether in bedrock or unconsolidated material,
are localized and, compared with the types just
described, yield relatively small quantities of
water to wells. This situation is characteristic
of ground water in Yellow and Cross Creeks,
Leading Creek, and Lower Raccoon Creek
basins (fig. 1, basins B, QQ, and S, respec-
tively); therefore, ground-water quality was
not evaluated in these basins.

Analyses and dates of sampling for
28 ground-water sites in 7 basins are included
in the discussion of the individual basins that
follows this section. Locations of the 28 sites
are shown in figure 8, and ranges and medians
of selected constituents and physical properties
are listed in table 3. Summary statistics and
box plots were not done for ground-water sam-
ples because only four wells were sampled in
each basin.

Hardness of water is defined as its content
of metallic ions that react to produce solid
boiler scale (Camp, 1963). In freshwater,
hardness is derived primarily from calcium
and magnesium ions, which are naturally dis-
solved from carbonate rock by slightly acidic
rainwater in contact with carbon dioxide.
Sources of hardness related to human activity
include abandoned and active mines (Jones,
1988).

Qualitative descriptions of hardness used in
this report are based on the following classifi-
cation (U.S. Environmental Protection
Agency, 1986)

Milligrams

per liter

Description: as CaCO;,
SOLt..ceiereee ettt ettt e et sasre s 0-75
Moderately hard..........ccccevereemnrrenreorerrereenananes 75-150
HArd ...ooeeecnenerveesnerrenece et nen e sesesasserssenss 150-300
Very hard.......eocveeernieiccnnnininnessenninneseesenensssnsene >300

Carbonate hardness is considered equal to
alkalinity and is chemically equivalent to the
bicarbonates present (U.S. Environmental
Protection Agency, 1986). If hardness exceeds
alkalinity, the excess is reported as “noncar-
bonate hardness” (Hem, 1989). Ground water
in the seven basins sampled had a median
hardness of 292 mg/L as CaCOjg; the range
was from 140 mg/L (at Cs-150 and Mu-50) to
730 mg/L (at At-70). Noncarbonate hardness
ranged from O mg/L (at several sites) to
610 mg/L (at site At-70); the median was
59 mg/L.

Ground-water samples were analyzed for
concentrations of dissolved calcium, magne-
sium, sodium, and potassium. Calciumis a
major constituent of many common rock min-
erals and is a major component of the solutes
in most natural waters (Hem, 1989). For the
28 sites sampled, calcium concentrations
ranged from 43 to 190 mg/L, and the median
was 78 mg/L. Magnesium is dissolved from
carbonate rocks. Magnesium concentrations
ranged from 7 to 61 mg/L, and the median was
20 mg/L. In most natural waters, sodium con-
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centrations are much greater than potassium
concentrations. The U.S. Environmental
Protection Agency (1986) recommends a limit
of 20 mg/L of sodium in water for very
restricted sodium diets and 270 mg/L for mod-
erately restricted diets. The range of sodium
concentrations for the 28 sites sampled was
3.5to 120 mg/L, and the median was 18 mg/L,
whereas the range of potassium concentra-
tions was (0.6 to 6.1 mg/L, and the median
was 1.8 mg/L.

A Piper diagram (fig. 9) shows the ionic
character of the ground water. Water types at
most of the 28 sites are similar, except at two
wells from the Middle Hocking River basin.
Water from one well in this basin stands out in
the Piper diagram by having less calcium and
magnesium and more sodium plus potassium
than the other wells in the study area. Indeed,
water from well Hk-54 had the highest concen-
tration of sodium in the study area (120 mg/L)
(table 3). Water from another well in the
Middle Hocking River basin stands out in the
Piper diagram (fig. 9) by having a high con-
centration of sulfate and a low concentration of
carbonate plus bicarbonate. The concentration
of dissolved sulfate in water from well At-70
was 470 mg/L, substantially higher than the
median of 48 mg/L.. At this well, near-
maximum concentrations were found for other
constituents—hardness (730 mg/L as CaCOy3 ),
noncarbonate hardness (610 mg/L), calcium
(190 mg/L), magnesium (61 mg/L), and dis-
solved solids (822 mg/L).

Dissolved organic carbon (DOC) is a mea-
sure of the organic matter present in aqueous
solution. Thurman (1985) lists 0.7 mg/L as an
approximate concentration for DOC typical of
natural ground water. In the seven basins sam-
pled in this study, DOC concentrations ranged
from 0.6 to 3.1 mg/L; the median was
0.8 mg/L.

As discussed in the streamwater section,
high concentrations of iron, aluminum, and
manganese may be associated with waters
affected by acid mine drainage. High concen-
trations of aluminum are typically associated
with low pH. Because aluminum is virtually
insoluble at the range of pH found for the
28 ground-water samples (7.0 to 7.9), dis-
solved aluminum concentrations ranged from
less than 10 to 70 pg/L, and the median was
less than 10 pg/L. Total recoverable alumi-
num concentrations were slightly higher. In
contrast, under reducing conditions, iron is
moderately soluble in water; concentrations of
50 mg/L have been found in water having a pH
between 6 and 8 (Hem, 1989). Dissolved-iron
concentrations ranged from less than 3 to
8,700 pg/L; the median was 275 pg/L.. Con-
centrations of total recoverable iron were
higher (median of 1,005 pg/L). Ground water
can contain more than 1.0 mg/L of manganese
under some circumstances (Hem, 1989). In
the 28 ground-water samples, however,
median manganese concentrations for dis-
solved (70 pg/L) and total (59 pg/L) manga-
nese were not excessive.
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Table 3. Ranges and medians for selected water-quality characteristics for ground-water sites in active
coal-mining areas of Ohio, 1989-1991

[mg/L, milligrams per liter; ug/L, micrograms per liter; LS/cm, microsiemens per centimeter at 25 degrees Celsius]

Property or Locations?
constituent Range (fig. 8) Median

Specific conductance,

in pS/em -------memeeeeeeee 300 to 1,300 Mu-50; Pe-58 650
pH 701079 Cs-152; Mu-50 74
Oxygen, dissolved, in

mg/L Oto8.1 Cs-149; Cs-152 3.1
Hardness, in mg/L as

CaCO, 140 to 730 Cs-150, Mu-50; At-70 292
Noncarbonate hardness,

inmg/LasCaCO;5_____________ 0 to 610 Several sites; At-70 59
Calcium, dissolved, in

mg/L. as Ca ------------momm- 4310 190 Mu-50; At-70 78
Magnesium, dissolved, in

mg/L as Mg ----------------—- 7 to 61 Cs-150; At-70 20
Sodium, dissolved, in

mg/L as Na ------------memnee 3.5t0 120 Cs-154; Hk-54 18
Potassium, dissolved, in

mg/L as K -----------mmeeeee 0.6 10 6.1 Mu-50; Cs-155 1.8
Alkalinity, in mg/L as

CaCO, 67 to 352 Cs-152; F-14 229
Sulfate, dissolved, in

mg/L as SOy ---------------- <1.0t0 470 Cs-149, Tu-55; At-70 48
Chiloride, dissolved, in

mg/L as Cl-----------=-meemmn 2.11t0 190 Cs-150; Pe-58 26
Silica, dissolved, in

mg/L as SiOQy-------~-----m--- 6.6 to 15 Tu-55; Pe-58 10
Solids, dissolved, sum of

constituents, in mg/L, ------- 163 to 822 Mu-50; At-70 413
Aluminum, total, in

png/L as Al --------m-mmmeeemmen <10 to 250 Several sites; Tu-55 10
Aluminum, dissolved in

pg/L as Al ———--ememmmeee- <10t0 70 Most sites; Pe-58 <10
Iron, total, in

pg/L as Fe --—------emmeeee e <10 109,800 Cs-154; Pe-58 1,005
Iron, dissolved, in

pg/L as Fe ---------o-omneemm- <310 8,700 Several sites; Tu-57 275
Manganese, total, in

pg/L as Mn -——---nemmmoaeeen <10 to 790 Several sites; Mu-51 70
Manganese, dissolved, in

pg/L as Mn-------meee e <1t0830 Cs-154, 155; Mu-51 59
Carbon, organic, dissolved,

in mg/L as C -------—-------- 0.61t03.1 Several sites; Mu-50 8

2 Sites at which the minimum values in the ranges were measured are to the left of the semicolon. Sites at which the
maximum values in the ranges were measured are to the right of the semicolon
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CALCIUM CHLORIDE
PERCENT

EXPLANATION

CATION-ANION PERCENTAGES BASED ON
MILLIEQUIVALENTS PER LITER IN
GROUND-WATER SAMPLES

Conotton Creek basin

Lower Wills Creek basin
Middle Hocking River basin
Middle Muskingum River basin
Upper Hocking River basin
Upper Muskingum River basin
Walhonding River basin

x®m eJ4 D 0O+

Figure 9.--Piper diagram showing distribution of constituents for ground-water sites
sampled in active coal mining areas of Ohio, 1989-91.
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Because many ground-water sources are
used for domestic or public supplies, the fol-
lowing Ohio Environmental Protection
Agency (OEPA) (1989) drinking-water-
quality standards are listed for reference (all
concentrations are expressed as total concen-
trations unless otherwise noted):

ChIOride....ceeisereirnecsnsacvenessrsssansennees 250 mg/L
Dissolved solid......c.ccoecurvmrinercvrerennc 500 mg/L*
Iron (dissolved).....ccceereeerrervecevenrernene 300 p/LL
Manganese.......covuermvuraccrnereciseescenes 50 pg/L
Sulfate.......ccviivennnnsensnereesecseeesssnee 250 mg/L

*Not to exceed 500 mg/L as a monthly average or 750 pg/L
at any time (equivalent specific conductance values at 25 degrees
Celsius are 800 and 1,200 tS/cm, respectively).

GEOLOGIC SETTING AND WATER
QUALITY OF SELECTED BASINS

Each of the 10 drainage basins selected for
study in which synoptic measurements were
made from 1989 to 1991 is described with
respect to its physical setting and geologic
framework in the following sections. The
physiographic names used in the descriptions
are based on designations by Fenneman
(1938). Drainage areas mentioned in the text
and in tables were derived from the “Gazetteer
of Ohio Streams” (Krolczyk, 1954; Cross,
1967), and, in some instances, compiled from
drainage-area maps maintained by the USGS.

Results of the synoptic ground-water and
streamwater sampling in 10 drainage basins
are presented in tables and figures in the dis-
cussions for each basin that follow. The
synoptic streamwater sampling included col-
lection of water-quality samples at 45 short-
term and 17 long-term sites in 9 of the
10 drainage basins. The synoptic ground-
water sampling included collection of water-

quality samples at 28 sites in 7 of the 10 drain-

age basins. Additional water-quality analyses

for the long-term streamwater sites sampled
during 1989-91 are listed in table 31 at the
back of this report.

Conotton Creek Basin

Conotton Creek basin, with a drainage area
of about 286 miZ, is situated mostly in the
southwestern half of Carroll County and
extends into the northeastern part of
Tuscarawas County and into the northern part
of Harrison County (fig. 1, basin F). It lies
entirely within the Unglaciated Allegheny
Plateau Section of the Appalachian Plateaus
Physiographic Province some 10 to 15 mi
south of the limit of glaciation.

Conotton Creek, the principal stream, fol-
lows a northwesterly course close to the south-
ern side of the basin toward its confluence with
the Tuscarawas River near Zoarville (fig. 10).
Several tributaries to Conotton Creek flow
generally to the southwest. Two of these tribu-
taries, Indian Fork and McGuire Creek, have
been dammed to form, respectively, Atwood
and Leesville reservoirs (fig. 10). Much of the
terrain along Conotton Creek is relatively flat,
but elsewhere, such as northeastward along the
upper reaches of the tributaries, the surface is
rolling to moderately hilly.

Geologic Setting

The rocks consist of Pennsylvanian strata,
which, from west to east and in ascending
order, include the Pottsville, Allegheny,
Conemaugh, and Monongahela Formations.
As shown in figure 4, the stratigraphic section
is a cyclic sequence of sandstones and shales
interbedded with coal, clay, and limestone.
Areally, the Conemaugh of Pennsylvanian age
is the most extensive in the Conotton Creek
basin.
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Geologic Setting and Water Quality of Selected Basins 27



Streamwater

Map index Drainage area
number Site type Site name (square miles)

F-1 Long term Conotton C nr Somerdale 268

F-2 Short term Huff Rn at Mineral City 121
F-3 do. Indian F nr Dellroy 339
F-4 do. NF McGuire C at Petersburg 11.2
F-5 do. Conotton C at Leesville 87.1
F-6 do. Unnamed Tr Conotton C nr 55

New Cumberland

Areas of active coal mining are mostly
along the western side of the basin, producing
coal mainly from the Allegheny Formation.
Active areas along the eastern side of the basin
southeast of Carrollton also produce from the
Allegheny Formation, as well as from the
Harlem coal, a minor coal within the
Conemaugh Formation. Some remnants of the
Monongahela Formation are found in the
southeastern corner of the basin in Harrison
County. Although an important coal producer
elsewhere in Ohio, the Monongahela coals in
this area have been mined out.

Aquifers throughout the basin consist
mostly of sandstones and thin fractured lime-
stones. Potential yields to wells of as much as
25 gal/min from these units are possible, but,
in the eastern half of the basin, yields typically
are less than 5 gal/min (Schmidt, 1962a).
Along the lower course of Conotton Creek, the
valley is filled with unconsolidated sediments
that are more than 100 ft thick in places, and
potential well yields can range from 5 to
25 gal/min. Many wells in the area are cased
into and yield from bedrock beneath the
valley-fill sediments.

Water Quality

Synoptic collections of water samples were
made at six stream sites and at four ground-
water sites in the Conotton Creek basin. Half
of the stream sites and all of the ground-water
sites were in the western part of the basin
(fig. 10), the area with most of the active
mining.

The streamwater sites listed in the table
above were sampled in mid-October 1989.
Their locations are shown in figure 10.

The lower part of Conotton Creek consists
mainly of pools of slow-moving water.
Because of low water velocities in this area,
streamflow measurements cannot be accu-
rately made nor can representative water-
quality samples be collected. As an alterna-
tive, long-term site F-1 was added for synoptic
sampling. Site F-1 represents about 93 percent
of the drainage area in the basin, including the
lower part of Conotton Creek.

Water-quality data for the six streamwater
sites in Conotton Creek basin are given in
table 4. Water quality at site F-2 was different
from that at the five other sites and was charac-
terized by a lower pH, a higher specific con-
ductance, and higher concentrations of total
recoverable and dissolved aluminum, iron, and
manganese. At site F-2, constituent concentra-
tions were at the top of the range for the study
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area, except for pH and alkalinity, which were
at the bottom of the range (table 5). Box plots
showing the ranges, percentiles, and medians
of constituents for all sites in Conotton Creek
basin (fig. 11) show that the concentrations of
constituents at site F-2 were well outside the
interquartile ranges. To a much lesser extent
than site F-2, the water from site F-6 had
higher specific conductance and higher con-
centrations of total recoverable and dissolved
manganese, total recoverable iron, and dis-
solved sulfate than the other four sites.

The water quality at site F-2, and to a much
lesser extent at site F-6, is characteristic of
water affected by mining. Unrestored coal-
mining lands can be found in the northwest-
ern part of Conotton Creek basin.

Ground water

Most wells in the Conotton Creek basin
yield water from bedrock except along
Conotton Creek, where wells are screened in
layers of unconsolidated deposits. The four
ground-water sites chosen for sampling were
in and near the town of Somerdale (fig. 10).
Three of these wells yield water from alluvial
deposits along the valley of Conotton Creek
(Tu-55, Tu-56, and Tu-57); Tu-54 is finished in
the underlying bedrock. In general, the ground
water used by the residents in the Somerdale
area is derived from both aquifer types.

Water-quality data for four ground-water
sites sampled in September 1989 are given in
table 6. Values of pH ranged from 7.2 to 7.8,
and, except for total and dissolved iron at three
sites, concentrations of constituents associated
with acid mine drainage were not high.

As shown by the Stiff diagrams (fig. 10),
calcium was the principal cation at all four
sites; however, the sites differed in anionic
character. At sites Tu-56 and Tu-57, sulfate
and bicarbonate were the major anions, and, at
sites Tu-54 and Tu-55, sulfate concentrations
were low and bicarbonate was the dominant
anion.

The OEPA water-quality standards for
public supplies for dissolved solids, chloride,
and sulfate were not exceeded at any of the
four sites. Water-quality standards for dis-
solved iron (300 pg/L) and manganese
(50 ng/L), however, were exceeded at sites
Tu-54, Tu-55, and Tu-57. The water from site
Tu-56 met all OEPA water-supply standards
for the constituents analyzed. The waters at all
four sites can be classified as hard to very hard.

Lower Wills Creek Basin

The Lower Wills Creek basin, which is
about 447 mi? in area, covers most of the
northern half of Guernsey County, just touch-
ing Belmont County on the east, Tuscarawas
County on the north, and extending into the
southeastern corner of Coshocton County-and
the northeastern corner of Muskingum County
(fig. 1, basin L). The Lower Wills Creek basin
is in the Unglaciated Allegheny Plateau
Section of the Appalachian Plateaus
Physiographic Province. The northern edge of
the basin is about 25 mi south of the glacial
limit.

Wills Creek, the principal stream, mean-
ders across the central and northwestern part of
the basin before it enters the Tuscarawas River
system (fig. 12). Wills Creek is also the princi-
pal stream draining upper Wills Creek basin
(fig. 1, basin K), described earlier (Sedam,
1991). The two basins are separated at a point
upstream from and just south of Cambridge.
The largest tributary within the Lower Wills
Creek basin, Salt Fork, was dammed near its
confluence with Wills Creek to create Salt
Fork Reservoir, which extends into the lower
reach of several tributaries to Salt Fork in the
eastern part of the basin. Other principal tribu-
taries to Wills Creek include Birds Run and
Bacon Run in the north and White Eyes and
Crooked Creeks in the western half of the
basin (fig. 12).
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Table 4. Water-quality data for streamwater sites in Conotton Creek basin, October 1989

[°C, degrees Celsius; ft3/s, cubic feet per second; mg/L, milligrams per liter; pg/L, micrograms per liter; LS/cm, microsiemens per
centimeter at 25 degrees Celsius; --, data not available]

Stream-

flow, Specific pH Temper- Acldity Alkallnity,  Sulfate,
DATE instan-  ©°"WS  (randard  ature, (mglL fleld dissolved
taneous tance units) water as (mg/L as (mg/L.
(#/s) (uS/em) (°c) CaCOy) CaCO,) as SO,)
403426081211900 F-1 CONOTTON C NR SOMERDALE OH (LAT 4034 26N LONG 081 21 19W)
October 17, 36 495 7.6 16.0 - 90 130
1989
403550081213400 F-2 HUFF RN AT MINERAL CITY OH (LAT 4035 50N LONG 081 21 34W)
October 18, 2.6 1,850 4.0 11.5 63 - 980
1989
403302081095100 F-3 INDIAN F NR DELLROY OH (LAT 4033 02N LONG 081 09 51W)
October 17, 2.9 565 7.5 16.0 - 138 45
1989
403047081064700 F-4 N F MCGUIRE C NR CARROLLTON OH (LAT 4030 47N LONG 081 06 47W)
October 16, 1.2 320 8.1 18.0 -- 113 32
1989
03119900 F-5 CONOTTON C AT LEESVILLE OH (LAT 40 26 4N LONG 081 11 49W)
October 16, 9.6 525 8.0 16.5 -- 124 120
1989
403304081191600 F-6 UNNAMED TR CONOTTON C NR NW CUMBERLAND OH (LAT 4033 04N LONG 081 19 16 W)
October 17, 1.0 855 7.6 16.5 - 87 430
1989
Mut':::r m, Aluminum, :Lot:; Iron, Mant?;:le se, Manganese,
DATE dissolved dissolved dissolved
recoverable recoverable recoverable

(olasay WOLEA) (g1 ogpe (OLaF)  gr asmn (00 Mn)

403426081211900 F-1 CONOTTON C NR SOMERDALE OH (LAT 4034 26N LONG 081 21 19W)

October 17, 540 30 2,200 250 920 990
1989
403550081213400 F-2 HUFF RN AT MINERAL CITY OH (LAT 4035 50N LONG 081 21 34W)

October 18, 1,300 1,200 10,000 9,000 21,000 24,000
1989

403302081095100 F-3 INDIAN F NR DELLROY OH (LAT 4033 02N LONG 081 09 51W)
October 17, 180 20 860 330 420 400
1989

403047081064700 F-4 N F MCGUIRE C NR CARROLLTON OH (LAT 4030 47N LONG 081 06 47W)

October 16, 110 20 330 240 60 50
1989

03119900 F-5 CONOTTON C AT LEESVILLE OH (LAT 40 26 44N LONG 081 11 49W)
October 16, 390 30 760 290 210 180
1989
403304081191600 F-6 UNNAMED TR CONOTTON C NR NW CUMBERLAND OH (LAT 4033 04N LONG 081 19 16 W)
October 17, 300 40 950 80 1,800 1,900
1989
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Table 5. Ranges and medians for selected water-quality characteristics for streamwater sites in Conotton

Creek basin, October 1989

[mg/L., milligrams per liter; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Property or Locations?

constituent Range (fig. 10) Median
Specific conductance,

in pS/cm------------- 3200 1,850 F-4;F-2 550
pH 40t08.1 F-2; F-4 7.6
Alkalinity, in mg/L

PR 01 00 J— 87 t0 138 F-6; F-3 5113
Sulfate, dissolved,

in mg/L as SO4----- 3210980 F-4;F-2 125
Aluminum, total,

in pg/L as Al-------- 110 to 1,300 F-4; F-2 345
Aluminum, dissolved,

in pg/l. as Al------- 20t0 1,200 F-3,4;F-2 30
Iron, total,

in pg/L as Fe-------- 330 to 10,000 F-4;F-2 905
Iron, dissolved,

in pg/L as Fe-------- 80 t0 9,000 F-6; F-2 270
Manganese, total,

in pg/L as Mn------- 60 to 21,000 F-4;F-2 670
Manganese, dissolved,

in pg/L as Mn------- 50 to 24,000 F-4;F-2 695

2 Sites at which the minimum values in the ranges were measured are to the left of the semicolon. Sites at which the
maximum values in the ranges were measured are to the right of the semicolon,
b Median was calculated on the basis of only those samples for which alkalinity could be measured (see “Methods,”

p. 14).
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Figure 11.--Ranges, percentiles, and medians of constituents at six streamwater sites in

the Conotton Creek basin.
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Erosion of the land surface has produced a
thoroughly dissected terrain, characterized by
wide bottomlands and low hills. Toward the
periphery of the basin, near the headwaters of
the smaller tributaries, the terrain is more rug-
ged. In contrast, much of the terrain along the
lower reach of Wills Creek is wetland.

Geologic Setting

From northwest to southeast across Lower
Wills Creek basin, the stratigraphic succession,
in ascending order, includes the four major for-
mations of Pennsylvanian age (fig. 4). In the
northwest, the Pottsville Formation is present
in valley floors in the southeastern corner of
Coshocton County and adjacent parts of
Guernsey County. In the same area, the
uplands consist mostly of the Allegheny
Formation and its mineable coals; in places,
the uplands are capped by remnants of the
Conemaugh Formation. The Conemaugh
forms the surface over much of the rest of the
basin, and, toward the southeastern corner,
scattered remnants of the Monongahela
Formation are found at higher elevations.
Because of the Cambridge Arch, as described
by Lamborn (1951), the rock strata are struc-
turally high in the northwestern to the central
part of the basin. This has led to erosion of
much of the Conemaugh Formation and expo-
sure of the underlying Allegheny Formation
along Wills Creek between Cambridge and
Kimbolton (fig. 12). As of 1989, most active
permits to mine coal were for the northern part
of the basin, where Allegheny coals are
common.

In general, ground-water yields from bed-
rock are meager in the Lower Wills Creek
basin. Well yields of 3 to 5 gal/min or less are
found in upland areas in the northwestern part
of the basin. Similar low yields are common
in the eastern part of the basin where the
Conemaugh Formation is the principal under-
lying unit. In the northwestern part of the
basin, however, wells tapping bedrock yield as
much as 25 gal/min (Walker, 1962b; Sugar,

1988) in some places. Such places are likely
to be where permeable units of the Pottsville or
Allegheny Formation are present at or below
stream level.

Unconsolidated deposits making up the
valley fill along Wills Creek can yield as much
as 25 gal/min. Many of these potential sources
underlie wetland areas, and thus are likely to
remain undeveloped. An exception is the area
around Plainfield, where the bottomlands
along Wills Creek and adjacent tributaries
are underlain by sediments that, in places, are
80 to 100 ft thick. The most productive shal-
low aquifer is found in this area of the basin.

Water Quality

Synoptic collections of water samples were
made at two long-term and five short-term
streamwater sites in the Lower Wills Creek
basin, as listed in the table on the next page.
Ground-water samples were collected at four
sites near the town of Plainfield, in the north-
western part of the basin (fig. 12).

Wills Creek Dam, which forms Wills
Creek Reservoir, is near the downstream end
of Wills Creek about 6 mi above the conflu-
ence of Wills Creek with the Muskingum
River. Elsewhere in the basin, Wills Creek is a
rather sluggish stream despite the discharge
that it receives from Upper Wills Creek basin.
Neither the USGS gaging station at Cambridge
nor the gaging station below Wills Creek Dam
are suitable as long-term sampling sites for this
investigation because Wills Creek is a compos-
ite of drainage from various sources. Instead,
the drainage carried by Crooked Creek and
White Eyes Creek, on which the long-term
sites were established (sites L-1 and L-2), is
more representative of baseline conditions in
the basin than what might be derived from
water-quality analyses of the main stem.

The five short-term sites were spaced
throughout the basin to assess streamwater
quality of active mining areas north of
Plainfield and to provide coverage of the
remainder of the basin. Small areas of mining

Geologlc Setting and Water Quallty of Selected Baslns 35



Streamwater

The following streamwater sites were sampled in mid-October 1989. Their locations are shown

in figure 12.
Map index Drainage area
number Site type Site name (square miles)
L-1 Long term Crooked C nr Cambridge 425
L-2 do. White Eyes C nr Plainfield 51.7
L-3 Short term Bacon Rn nr Plainfield 145
L4 do. Birds Rn at Birds Run 310
L-5 do. Salt F nr Middlebourne 24.5
L-6 do. Clear F nr Birmingham i1.2
L-7 do. Sugartree C nr Birmingham 149

are located near headwaters of streams that
drain to Salt Fork. The forming of Salt Fork
Reservoir has reduced the gradient of the
downstream part of its tributaries such that it
was necessary to go some distance upstream in
order to sample at a free-flowing site. Water-
quality data for the seven streamwater sites in
Lower Wills Creek basin are given in table 7.
Water from sites L-2, L-3, and L-5 had
dissolved-sulfate concentrations greater than
300 mg/L. Water from these sites had the
highest specific conductances, ranging from
880 to 1,050 uS/cm. For all samples, pH was
in the alkaline range; the median pH was

7.6 (table 8). Box plots of concentrations for
selected water-quality constituents included
few outside values and no detached values
(fig. 13). In general, the high concentrations of
sulfate, manganese, iron, and aluminum and
the low pH associated with acid mine drainage
were not found in the samples from Lower
Wills Creek basin.

Ground water

Four wells that yield from unconsolidated
deposits were sampled near the village of
Plainfield. Two of the sites, Cs-150 and
Cs-151, were along streams that drain the most
active coal-producing areas of the basin.

Water-quality data for four ground-water
sites sampled in September 1989 are given in
table 9. Values for pH ranged from 7.0 to 7.8.
Concentrations of total and dissolved iron
were high at sites Cs-149, Cs-150, and Cs-151
and ranged from 1,400 to 5,000 pg/L. Con-
centrations of dissolved sulfate and total
recoverable and dissolved manganese and alu-
minum, commonly associated with acid mine
drainage, were not high.

Stiff diagrams (fig. 12) show that calcium
was the dominant cation except in well
Cs-151, where magnesium and calcium were
principal cations. Bicarbonate was the domi-
nant anion except in well Cs-152, where both
bicarbonate and sulfate were principal anions.
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The OEPA standards for public supplies
for dissolved iron (300 pg/L) and manganese
(50 pg/L) were exceeded in samples from
three of the wells, Cs-149, Cs-151, and
Cs-150. The water from well Cs-152 met all
OEPA standards for constituents analyzed.
The waters were moderately hard (Cs-150),
hard (Cs-149, Cs-152), and very hard
(Cs-151).

Upper Hocking River Basin

The Upper Hocking River basin, with a
drainage area of 465 mi?, covers approxi-
mately the southeastern two-thirds of Fairfield
County, the western third of Perry County, and
the northern edge of Hocking County (fig. 1,
basin P). The area includes all drainage to the
Hocking River at and including Harper Run
just west of Logan (fig. 14).

As the principal stream, the Hocking River
begins at the northwestern corner of the basin
(fig. 14) and flows about 32 mi across the
western half of the basin to the point where it
becomes the upper end of the Middle Hocking
River basin (figs. 1 and 24). Two principal
tributaries are Clear Creek, which drains the
southwestern end of the basin, and Rush Creek
and its tributaries, which drain the eastern two-
thirds of the basin.

Pleistocene glacial advances covered about
four-fifths of the Upper Hocking River basin
(fig. 14). The limit of glacial advance marks
the division between the Glaciated and
Unglaciated Allegheny Plateau Sections of
the Appalachian Plateaus Physiographic
Province. Of the two major glacial advances
recognized in the area (Goldthwait and others,
1961), the last major advance (Wisconsinan)
did not extend as far as the earlier (Illinoian)
advance. The Illinoian surface is thus exposed
in a zone 2 to 10 mi wide across the Upper
Hocking River basin. In the rugged, thor-
oughly dissected upland that rises above the
Hocking River valley in the unglaciated sec-
tion, local relief is as great as 350 ft.

In contrast, local relief is only minor in
Wisconsinan glaciation. Within the zone
where Illinoian drift is exposed, modification
by post-glacial erosion has left a land surface
that is more rugged than the Wisconsinan-
drift-covered surface but less rugged than the
unglaciated terrain along the southern edge of
the basin.

Geologic Setting

From west to east, rock units underlying
the Upper Hocking River basin range from
undifferentiated Mississippian to Middle
Pennsylvanian in age. Lithology of the undif-
ferentiated Mississippian rocks, which under-
lie most of the basin, is generalized in figure 4.
Principal units that are used for water supplies,
in ascending order, include the Berea
Sandstone and sandstones and shaly sand-
stones of the Cuyahoga and Logan
Formations.

One of the more important of these aqui-
fers is the Black Hand Sandstone Member of
the Cuyahoga Formation. Although the
Mississippian aquifer units are not closely
associated with coal mining, the Black Hand
Sandstone has been described as a useful
source of water below coal-bearing strata in
parts of the subject and adjacent basins where
surface mining has become increasingly active
(Norris and Mayer, 1982).

Small sections of the Pottsville Formation
underlie the Upper Hocking River basin in
eastern Fairfield County. Although coal is
present, Brant and Delong’s assessment study
(1960) attaches little importance to Pottsville
coals in the area. Equivalents of the
conglomeratic sandstone aquifers at the base
of the Pottsville Formation in northeastern
Ohio are not present in the Upper Hocking
River basin. Much of the Pottsville is above
the water table as determined from water lev-
els of perennial streams; but, toward the
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Table 7. Water-quality data for streamwater sites in Lower Wills Creek basin, October 1989

[°C, degrees Celsius; fi’/s, cubic feet per second; mg/L, milligrams per liter; pg/L, micrograms per liter; pS/cm, microsiemens per
centimeter at 25 degrees Celsius; --, data not available]

Stream-
flow, Specific pH Temper- Acidity Aikalinity,  Sulfate,
DATE instan- conduc-  iandard ature, (mg/L field dissolved
taneous tance units) water as (mg/L as (mgL
(f¥/s) (nS/em) (°c) CaCOy) CaCO0,) as SO,)
400117081362600 L-1 CROOKED C NR CAMBRIDGE OH (LAT 4001 17N LONG 081 36 26W)
October 17, 5.1 640 7.5 17.0 -- 148 140
1989
400920081432900 L-2 WHITE EYES C NR PLAINFIELD OH (LAT 4009 20N LONG 081 43 29W)
October 16, 5.1 965 7.4 18.0 -- 98 390
1989
401300081433300 L-3 BACON RN NR PLAINFIELD OH (LAT 40 13 00N LONG 081 43 33W)
October 16, 23 1,050 7.7 18.0 - 96 450
1989
401009081385400 L-4 BIRDS RN AT BIRDS RUNQH (LAT 40 1009N LONG 081 38 54W)
October 16, 1.2 610 7.7 17.5 - 104 54
1989
400130081194900 L-5 SALT FORK NR MIDDLEBOURNE OH (LAT 40 0130N LONG 081 19 49W)
October 16, 3.8 880 76 16.0 -- 131 320
1989
400932081265100 L-6 CLEAR F NR BIRMINGHAM OH (LAT 4009 32N LONG 08126 51W)
Qctober 16, 1.2 360 7.9 17.0 - 116 39
1989
400910081261000 L-7 SUGARTREE C NR BIRMINGHAM OH (LAT 4008 10N LONG 081 26 10W)
October 16, .82 390 15 16.5 - 119 35
1989
A'":: ::IU m, Aluminum, L::;:; Iron, Mantg::Iese, Manganese,
DATE recoverable disto Ive;\il recoverable dissolve::d recoverable dissolv;ld
pglLasa) GOLBSAD - on asre)  WOLESFO) (gt asmn) (MO MN)
400117081362600 L-1 CROOKED C NR CAMBRIDGE OH (LAT 4001 17N LONG 081 36 26W)
October 17, 590 30 930 90 570 500
1989
400920081432900 L-2 WHITE EYES C NR PLAINFIELD OH (LAT 40 (09 20N LONG 081 43 29W)
October 16, 360 20 1,300 190 780 680
1989
401300081433300 L-3 BACON RN NR PLAINFIELD OH (LAT 40 13 00N LONG 081 43 33W)
October 16, 220 20 360 70 360 290
1989
401009081385400 L-4 BIRDS RN AT BIRDS RUNQOH (LAT 40 1009N LONG 081 38 54W)
October 16, 230 20 860 450 190 160
1989
400130081194900 L-5 SALT FORK NR MIDDLEBOURNE OH (L AT 400130N LONG 081 19 49W)
October 16, 760 20 910 30 310 240
1989
400932081265100 L-6 CLEAR F NR BIRMINGHAM OH (LLAT 4009 32N LONG 081 26 51W)
October 16, 320 <10 670 130 170 130
1989
400910081261000 L-7 SUGARTREE C NR BIRMINGHAM OH (LAT 4008 10N LONG 081 26 10W)
October 16, 350 10 920 190 270 200
1989
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Table 8. Ranges and medians for selected water-quality characteristics for streamwater sites in Lower
Wills Creek basin, October 1989

[mg/L, milligrams per liter; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Property or Locations?
constituent Range (fig. 12) Median

Specific conductance,

in uS/cm----=--vnenev 360 to 1,050 L-6;L-3 640
pH 74t07.9 L-2;L-6 7.6
Alkalinity, in mg/L

P RY 67260 Pum— 96 to 148 L-3; L-1 bi16
Sulfate, dissolved,

in mg/L as SO4----- 35t0 450 L-7; L-3 140
Aluminum, total,

in png/L as Al-------- 220 to 760 L-3;L-5 350
Aluminum, dissolved,

in ug/L as Al------- <10t0 30 L-6; L-1 20
Iron, total,

in pg/L as Fe-------- 360 to 1,300 L-3;L-2 910
Iron, dissolved,

in pg/L as Fe-------- 30t0 450 L-5; L4 130
Manganese, total,

in pg/L as Mn------- 170 to 780 L-6; L2 310
Manganese, dissolved,

in pug/L as Mn------- 130 to 680 L-6;L-2 240

& Sites at which the minimum values in the ranges were measured are to the left of the semicolon. Sites at which the
maximum values in the ranges were measured are to the right of the semicolon.

»

b Median was calculated on the basis of only those samples for which alkalinity could be measured (see “Methods,
p. 14).
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Figure 13.--Ranges, percentiles, and medians of constituents at seven streamwater sites
in the Lower Wills Creek basin.
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eastern side of the basin, the Massillon Sand-
stone Member (Connoquenessing Sandstone,
Member of Pottsville Formation,USGS usage)
is available in the subsurface as a water-supply
source (Stout and others, 1943).

Scattered remnants of the Allegheny
Formation, which underlie the eastern part of
the basin, are important as a source of coal
(individual coal units are identified in fig. 4).
Several permits for surface mining of the
Middle Kittanning (No. 6) coal have been
issued, but, as of 1989, the No. 6 coal was
being mined at only one location along the
drainage divide between the Upper and Middle
Hocking River basins (fig. 1, basins P and Q).
Basal remnants of the Conemaugh Formation
are present but only at high elevations along
the eastern margin of the basin.

Water Quality

Two long-term sites and five short-term
sites were chosen to assess streamwater quality
in the Upper Hocking River basin. Four
ground-water sites selected for sampling were
along the course of Rush Creek.

The streamwater sites in the table on the
next page were sampled in mid-October
1989. Their locations are shown in figure 14.

The drainage network of the Upper Hocking
River basin is more complex than that of other
basins studied in this investigation, at least
with respect to the Rush Creek tributary net-
work. Long-term site P-1 is located on the
Rush Creek tributary network that drains the
eastern half of the basin, the area in which all
of the coal deposits and mining activity in the
basin are found. In contrast, long-term site P-2
is on a stream draining an area devoid of coal.

Coal-bearing strata are present near the
headwaters of each of the five short-term sites
that were used in the synoptic sampling.

Site P-7 was chosen to measure a small water-
shed that drains directly to the Hocking River.
Sites P-3, P-4, and P-5 were selected to mea-

sure the larger tributaries to Rush Creek.
Site P-6 was selected to measure the upper
drainage area of Rush Creek.

Results of the analyses of water samples
show that water quality at site P-6 was sub-
stantially different from water quality at the
other sites sampled (table 10). Water at this
site was strongly acidic (pH = 2.7), whereas
pH at the other six sites was in the alkaline
range. Water from site P-6 had high concen-
trations of dissolved sulfate and total recover-
able and dissolved aluminum, iron, and
manganese. Concentrations of total recover-
able and dissolved iron were especially high
(170,000 and 220,000 pg/L). The concentra-
tion of dissolved manganese in water from site
P-1 also was high (1,300 pg/L) but was still
well below the dissolved-manganese concen-
tration in water from site P-6 (21,000 pg/L).
At site P-6, constituent concentrations were at
ot near the maximum, except for pH and alka-
linity (table 11). As shown in figure 15, all of
the detached and outside values were from
data collected at site P-6, except for a low spe-
cific conductance at site P-7.

Water from site P-6 had low pH and high
concentrations of the constituents associated
with acid mine drainage. The Allegheny
Formation, in the eastern part of the basin
where site P-6 is located, is composed of few
carbonates, which can buffer pH. Site P-1 isin
an area of active mining; however, the water at
this site was alkaline, and, except for total-
recoverable and dissolved-manganese concen-
trations, was not high in constituents associ-
ated with acid mine drainage. This absence of
symptons of acid mine drainage at site P-1
may be due to the effects of dilution and the
buffering of streams in this area by the Max-
ville Limestone of Mississippian age.
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Streamwater

Map index Drainage area
number Site type Site name (square miles)
P-1 Long term Rush C nr Sugar Grove 229.0
p-2 do. Clear C nr Rockbridge 89.0
P-3 Short term L Rush C nr Bremen 97.0
P-4 do. Turkey Rn nr Bremen 73
P-5 do. Center B Rush C nr 249

Junction City
P-6 do. Rush C at New Lexington 94
P-7 do. Unnamed Tr Hocking R 7.
nr Enterprise

Ground water

Four ground-water sites along the course
of Rush Creek, between Junction City and
Bremen, were selected for sampling. The
underlying unconsolidated materials in this
area constitute a shallow, productive aquifer
within which ground-water movement is nor-
mally toward Rush Creek. Susceptibility of
the aquifer to the effects of mining could result
from the spreading of highly degraded stream-
water during flood stages or by infiltration
induced by a pumping well close to the stream.

Water-quality data for four ground-water
sites sampled in September 1989 are given in
table 12. Values for pH ranged from 7.3 t0 7.7,
and concentrations of total recoverable and
dissolved iron were greater than
1,000 pg/L at sites F-14, Pe-57, and Pe-58.

Stiff diagrams (fig. 14) show that wells
F-14 and F-15 are calcium bicarbonate-type
waters. Stiff diagrams for wells Pe-57 and
Pe-58 show the highly mineralized character
of these waters; calcium and magnesium are
major cations, and bicarbonate and chloride
are major anions. All four wells contain very
hard waters.

The OEPA water-quality standards for
chloride and sulfate were not exceeded in
waters from any of the wells; however, water-
quality standards for dissolved iron (300 pg/L)
were exceeded at wells F-14, Pe-57, and
Pe-58. Water-quality standards for manganese
(50 pg/L) were exceeded at wells F-14, F-15,
and Pe-58. Water from well Pe-58, a public-
water supply, also exceeded the water-quality
standards for dissolved solids (500 mg/L).
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Table 10. Water-quality data for streamwater sites in Upper Hocking River basin, October 1989

[°C, degrees Celsius; t3/s, cubic feet per second; mg/L, milligrams per liter; ug/L,, micrograms per liter; uS/cm, microsiemens per
centimeter at 25 degrees Celsius; --, data not available]

Stream- Specifl

flow, P p ¢ pH Temper- Acldity Alkalinity, Sulfate,
DATE Instan- o::m:lec. (standard ature, (mg/L fleld dissolved

taneous S/ units) water as (mg/L as (mg/L

(f/s) (1Sfcm) °C) CaCO,) CaCO,) as SO,)

03156700 P-1 RUSH C NR SUGAR GROVE OH (LAT 39 38 18N LONG 082 30 42W)

QOctober 16, 63 555 73 15.5 - 91 150
1989

03157000 P-2 CLEAR C NR ROCKBRIDGE OH (LAT 39 35 18N LONG 082 34 43W)
October 16, 43 467 7.9 17.5 - 194 42
1989

394323082253100 P-3 LITTLE RUSH C NR BREMEN OH (LAT 39 43 23N LONG 082 25 31W)
October 17, 11 504 7.7 17.5 - 198 42
1989
393950082225900 P-4 TURKEY RN NR BREMEN OH (LAT 3939 50N LONG 082 22 59W)
October 16, 2.5 438 7.1 18.5 - 60 41
1989
03156549 P-5 CENTER B RUSH C NR JUNCTION CITY OH (LAT 39 43 24N LONG 082 20 36W)
October 17, 14 375 7.2 17.0 - 78 50
1989
394306082121900 P-6 RUSH C AT NEW LEXINGTON OH (LAT 39 43 06N LONG 082 12 19W)
October 17, 8.8 2,320 2.7 18.0 . 669 - 1,400
1989
393501082290000 P-7 UNNAMED TR TO HOCKING R NR ENTERPRISE OH (LAT 393501N LONG 082 29 00W)

October 16, 2.7 197 7.1 17.0 - 4?2 29
1989

Alutr: ::lu m, Aluminum, 't:':;:l, Iron, Mang::'ese, Manganese,

DATE dissolved dissolved dissolved
recoverable recoverable recoverable

(ug/L as Al) (},lg/L as AI) (Hg/L as Fe) (”g,L as Fe) (“dl- as Mﬂ) (}-lg/'- as Mn)

03156700 P-1 RUSH C NR SUGAR GROVE OH (LAT 39 38 18N LONG 082 30 42W)

October 16, 420 30 590 10 1,300 1,300
1989
03157000 P-2 CLEAR C NR ROCKBRIDGE OH (LAT 39 35 18N LONG 082 34 43W)
October 16, 330 20 240 40 40 40
1989
394323082253100 P-3 LITTLE RUSH C NR BREMEN OH (LAT 3943 23N LONG 082 25 31W)
October 17, 220 10 240 20 20 20
1989
393950082225900 P-4 TURKEY RN NR BREMEN OH (LAT 3939 SON LONG 082 22 59W)
October 16, 270 <10 340 130 230 220
1989
03156549 P-5 CENTER B RUSH C NR JUNCTION CITY OH (LAT 39 43 24N LONG 08220 36W)
October 17, 490 20 1,000 210 240 160
1989
394306082121900 P-6 RUSH C AT NEW LEXINGTON OH (LAT 39 43 06N LONG 082 12 19W)
October 17, 34,000 34,000 170,000 220,000 20,000 21,000
1989
393501082290000 P-7 UNNAMED TR TO HOCKING R NR ENTERPRISE OH (LAT 3935 01N LONG 082 29 00W)
October 16, 270 10 300 110 150 140
1989
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Table 11. Ranges and medians for selected water-quality characteristics for streamwater sites in Upper
Hocking River basin, October 1989

[mg/L, milligrams per liter; pg/L, micrograms per liter; 1S/cm, microsiemens per centimeter at 25 degrees Celsius]

Property or Locations®
constituent Range (fig. 14) Median

Specific conductance,

in pS/cm--enmmnesenne- 197 t0 2,320 P-7; P-6 467
pH 271079 P-6; P-2 7.2
Alkalinity, in mg/L

FRY 67,160 N— 4210 198 P-7; P-3 bg4
Sulfate, dissolved,

in mg/L as SO,----- 29 to 1,400 P-7,P-6 42
Aluminum, total,

in ug/L as Al-------- 220 to 34,000 P-3; P-6 270
Aluminum, dissolved,

in ug/L as Al------- <10 to 34,000 P-4; P-6 20
Iron, total,

in pg/L. as Fe-~------ 240 to 170,000 P-2,3;P-6 340
Iron, dissolved,

in pg/L as Fe-------- 10 to 220,000 P-1;P-6 110
Manganese, total,

in pg/L as Mn------- 20 to 20,000 P-3; P-6 230
Manganese, dissolved,

in pg/l. as Mn------- 20 to 21,000 P-3; P-6 160

 Sites at which the minimum values in the ranges were measured are to the left of the semicolon. Sites at which
the maximum values in the ranges were measured are to the right of the semicolon.
b Median was calculated on the basis of only those samples for which alkalinity could be measured (see “Methods,”

p. 14).
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Figure 15.——Ranges, percentiles, and medians of constituents at seven streamwater sites
in the Upper Hocking River basin.
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Yellow and Cross Creeks Basin

The Yellow and Cross Creeks basin
(fig. 1, basin B), with a drainage area of
439 mi“, is a combination of three subbasins
that drain to the Ohio River (fig. 16). In the
north, the Yellow Creek subbasin includes the
northern third of Jefferson County and extends
into the eastern part of Carroll County and the
southwestern corner of Columbiana County.

Streamwater sites B-1, B-4, and B-5 are in
the Yellow Creek subbasin. To the south, the
central third of Jefferson County and the north-
eastern corner of Harrison County form the
Short Creek subbasin, which contains stream-
water sites B-2 and B-3. The northeastern part
of Jefferson County contains a 70-mi2
unnamed area between Mingo Junction,
Richmond, and Stratton that is drained by sev-
ral short streams that discharge directly to the
Ohio River. Streamwater sites B-6, B-7, and
B-8 are in the unnamed subbasin.

The limit of glaciation is less than 10 mi to
the north of the Yellow and Cross Creeks
basin. Thus, the basin lies entirely within the
unglaciated Allegheny Plateau Section of the
Appalachian Plateaus Physiographic
Province. In general, the terrain is character-
ized by a thoroughly dissected upland surface;
in places, however, the upland consists of
broad, relatively flat surfaces that give way
abruptly to numerous steep-sided valleys with
narrow bottoms. Local relief near the Ohio
River valley is as great as 500 ft.

Geologic Setting

Stratigraphic units present, in ascending
order, are the Allegheny, Conemaugh, and
Monongahela Formations of Pennsylvanian
age. The Conemaugh Formation, which is
mostly devoid of mineable coal, forms much
of the land surface in the study basin.

Structurally, the rocks dip southward to
southeastward across the Yellow and Cross
Creeks basin. In the northern part of Jefferson
County and nearby parts of Columbiana and
Carroll Counties, where extensive erosion has
produced several deep valleys, the Allegheny
Formation is exposed. Elsewhere, the
Monongahela Formation is present as scattered
remnants along ridgetops that separate the sub-
basins described earlier and along the drainage
divides to the south and west. As of 1989
(Lopez, 1991), coal from the Allegheny
Formation was being mined in the northwest-
ern corner of and along the western border of
the study basin with Conotton Creek basin
(fig. 1, basin F). In the same general area, a
small amount of coal from the Conemaugh
Formation also was being mined. By far, most
of the coal production in the Yellow and Cross
Creeks basin is from the Pittsburgh (No. 8)
coal at the base of the Monongahela
Formation, mostly in the southern part of the
study basin and near Knoxville in Jefferson
County (fig. 16).

Geologic Setting and Water Quality of Selected Basins 49



Study Area 80°50'
/ ..

- o__ 80°45’

b .
yg
inevilie S

al
OLUMBIANA fr)

c. V“nda le™

Hamrm mﬂsx‘#
B-14.

01 23 4 5MILES

01234 5 KILOMETERS

L Winterswille

{ f h(smquate -
40°20' L\\ l h Creek
-V /\__ ”\ N
77777 N ) N
Base map modified fmm \\ ll
Ohio Department of Natural Resources <, (u f€
Division ~f Water 1959 '.‘\;\_ B e _‘» NRT
. B-3 B .
Smuthfidtdy T 00T
EXPLANATION

AB-4 SHORT-TERM SURFACE-WATER SITE AND NUMBER
O B-1 LONG-TERM SURFACE-WATER SITE AND NUMBER

Figure 16.—-Yellow and Cross Creeks basin (B) and streamwater sites.

50 Geologic Setting and Water Quality of Selected Basins In the Active Coal-Mining Areas of Ohlo, 1989-91



In many places, the Allegheny Formation
is not far below the surface, but, currently
(1989), there are no underground mines work-
ing in the basin (Lopez, 1991). Topographic
maps reveal that much of the land surface has
been modified by surface mining in the Yellow
and Cross Creeks basin. Judging from the
length of the list of pending permits to mine
coal (Vanessa Tolliver, Ohio Department of
Natural Resources, Division of Reclamation,
written commun., 1990), interest in the surface
mining of coal in the basin remains high. Most
of the permits are to mine the No. 8 coal, but,
in the northwest and west, there is substantial
interest in the Middle Kittanning (No. 6) and
Upper Freeport (No. 7) coals in the Allegheny
Formation and the Mahoning (7A) and Harlem
(7B), both of which are minor coals in the
Conemaugh Formation.

Within the stratigraphic sections described
above, localized sources of water are present
in sandstones; thin, fractured limestones; and
even in coal beds. Although the study basin is
populated by many users of these sources,
according to ground-water-resource maps pub-
lished by ODNR for the area (Crowell, 1978,
1980; Schmidt, 1959), well yields are gener-
ally less than 2 gal/min. In contrast, sands and
gravels of the highly productive Ohio Valley
aquifer at the eastern edge of the basin can
yield more than 1,000 gal/min to wells.

Water Quality

Three long-term and five short-term sites
were selected to study streamwater quality in
Yellow and Cross Creeks basin. Except for the
Ohio River valley aquifer, the Yellow and
Cross Creeks basin does not contain a shallow,
productive aquifer. Therefore, ground-water
quality was not investigated in this basin.

The streamwater sites in the table on the
next page were sampled in June 1991. Their
locations are shown in figure 16.

Flood-control structures on the Ohio River
cause backwater conditions along the down-
stream reaches of the major tributaries to the

Ohio River. Therefore, the three long-term
sites were placed where flow was strong
enough for discharge measurements and sam-
pling. Two short-term sites, B-7 and B-8

(fig. 16), were selected to represent water qual-
ity in the unnamed area of streams draining
directly to the Ohio River. Site B-8 was near
the lower end of Island Creek, the largest
stream in the unnamed drainage area.

Sites B-4, B-5, and B-6 were placed to assess
water quality in streams draining the northern
part of the study basin.

Water-quality data for surface-water sites
show that specific conductance was greater
than 1,000 uS/cm in samples from sites B-2,
B-3, B-6, B-7, and B-8 (table 13). The median
specific conductance for all sites within the
basin was 1,025 uS/cm (table 14). Water
from sites B-2, B-3, B-6, and B-7 had high
dissolved-sulfate concentrations (greater than
250 mg/L), and among four sites, water from
site B-3 had the highest dissolved-sulfate con-
centration (1,200 mg/L). None of the concen-
trations of total recoverable and dissolved iron,
aluminum, or manganese were excessively
high except at site B-7, where the concentra-
tion of total recoverable iron was greater than
1,000 ug/L. Values for pH were in the alkaline
range; the median was 8.0. Except for one
detached value each for total recoverable and
dissolved manganese, all of the values of con-
stituents at surface-water sites were within the
interquartile ranges and whiskers (fig. 17).

Therefore, although the concentrations of
sulfate and iron were high enough at some
sites to be indicative of acid mine drainage,
alkaline pH may indicate buffering of stream-
waters. The area is underlain by Upper
Pennsylvanian units that are more calcareous
than those in western reaches of the basin and
that may have buffered the acidity of the
streams.
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Map index Drainage area
number Site type Site name (square miles)
B-1 Long term Yellow C nr Hammondsville 147.0
B-2 do. Cross C nr Mingo Junction 118.0
B-3 do. Mclntyre C nr Smithfield 143
B4 Short term NF Yellow C at Hammondsville 59.4
B-5 do. Brush C at Hammondsville 153
B-6 do. Hollow Rock Rn nr Hammondsville 99
B-7 do. Croxton Rn at Toronto 9.0
B-8 do. Island C nr Toronto 225

Walhonding River Basin

The Walhonding River basin drains an area
of 449 mi? that includes the north-central part
of Coshocton County and the south-central
part of Holmes County (fig. 1, basin J). The
basin designated in this study as the
Walhonding River basin is considered only
part of the Walhonding River basin in the Ohio
Water Plan Inventory series (Pree, 1962a).
The basin receives drainage from the west,
where the Mohican River and Kokosing River
join to form the Walhonding River (fig. 18).
On the north, drainage from the Upper
Killbuck basin enters the Walhonding basin
along Killbuck Creek just upstream from Paint
Creek, about 5 mi north of Millersburg
(fig. 18). Killbuck Creek more or less bisects
the basin before it joins the Walhonding River;
from that point, the Walhonding River flows
eastward across the southern part of the basin.
About 6 mi further downstream, at the south-
eastern corner of the basin, the Walhonding
River joins the Tuscarawas River at
Coshocton, where the system becomes the
Muskingum River.

About one-quarter or less of the basin was
covered by the Killbuck lobe of the last
(Wisconsinan) glaciation. The glacial bound-
ary (fig. 18) also separates the Glaciated

Allegheny Plateau and Unglaciated Allegheny
Plateau Sections of the Appalachian Plateaus
Physiographic Province.

The nonglaciated, southern three-quarters
of the basin is largely a maturely dissected
upland, where local relief is as great as 300 ft.
The Walhonding River has cut a fairly wide
valley in which the present-day stream follows
a meandering path. In its course across the
basin, the Walhonding River drops about 80 ft
in 21 mi. The valley of the lower part of
Killbuck Creek has developed a somewhat
incised meander through the unglaciated
upland. Within the flood plain itself, the
present course of Killbuck Creek follows a
meandering path. The gradient of Killbuck
Creek across the basin is about 2 ft/mi, com-
pared to about 4 ft/mi for the Walhonding
River. Thus, much of Killbuck Creek is very
slow moving, and wetland areas along its
course are common. Elsewhere in the non-
glaciated area, the topography in the smaller
valleys is more rugged, and streamflow is
faster.

In the north, glaciation has subdued the
land surface to varying degrees. Data from
representative wells (Crowell, 1979) indicate
that the drift is only a few feet thick in places,
but many of the valleys contain 150 ft or more
of fill.
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Table 13. Water-quality data for streamwater sites in Yellow and Cross Creeks basin, June 1991

loc, degrees Celsius; ft3/s, cubic feet per second; mg/L, milligrams per liter; pg/L, micrograms per liter; pS/cm, microsiemens per centimeter at 25
degrees Celsius; --, data not available]

Stream- o eciti
flow, P S ¢ pH Temper- Acidity Alkalinity, Sulfate,
DATE instan- ?:n::‘ (standard ature, (mg/L field dissolved
taneous S units) water as (mglL as (mg/L
(3s) (nS/cm) (°c) CaCOy) CaCOj) as SO,)
03110000 B-1 YELLOW C NR HAMMONDSVILLE OH (LAT 4032 16N LONG 080 43 31W)
June 7, 1991 22 540 8.4 20.5 - 93 180
401857080391700 B-2 CROSS C NR MINGO JUNCTION OH (LAT 40 18 57N LONG 080 39 17W)
June 17, 1991 35 1,550 8.0 26.0 - 117 850
401716080451300 B-3 MCINTYRE C NR SMITHFIELD OH (LAT 40 17 16N LONG 080 45 13W)
June 17, 1991 79 2,100 79 26.5 - 204 1,200
03110600 B-4 N F YELLOW C AT HAMMONDSVILLE OH (LAT 4033 27N LONG 080 42 20W)
June 7, 1991 7.2 510 82 20.0 - 66 160
403257080430600 B-5 BRUSH C AT HAMMONDSVILLE OH (LAT 40 32 57N LONG 080 43 06W)
June 7, 1991 2.3 365 75 19.5 - 51 120
403339080400900 B-6 HOLLOW ROCK RN NR HAMMONDSVILLE OH (LAT 40 33 39N LONG 080 40 09W)
June 7, 1991 3.3 1,200 83 215 - 139 590
402852080361800 B-7 CROXTON RN AT TORONTO OH (LAT 4028 52N LONG 08036 18W)
June 12, 1991 4.0 1,030 79 19.0 - 136 410
402610080375700 B-8 ISLAND C NR TORONTO OH (LAT 4026 10N LONG 08037 57W)
June 12, 1991 18 1,020 8.1 22.0 - 139 180
Aluminum, Aluminum, Iron, iron, Manganese, Manganese,
total " total total
DATE recoverable dissolved recoverable dissolved recoverable dissolved
(hg/L as Al) {ng/L as Al) (ng/L as Fe) (ng/L as Fe) (hg/L as Mn) (ng/L as Mn)

03110000 B-1 YELLOW C NR HAMMONDSVILLE OH (LAT 4032 16N LONG 080 43 31W)
June 7, 1991 220 40 660 20 40 10

401857080391700 B-2 CROSS CNR MINGO JUNCTION OH (LAT 4018 57N LONG 080 39 17W)
June 17, 1991 560 140 450 140 200 180

401716080451300 B-3 MCINTYRE C NR SMITHFIELD OH (LAT 40 17 16N LONG 080 45 13W)
June 17, 1991 120 60 170 100 40 30

03110600 B-4 N F YELLOW C AT HAMMONDSVILLE OH (LAT 4033 27N LONG 080 42 20W)
June 7, 1991 120 50 450 120 70 60

403257080430600 B-5 BRUSH C AT HAMMONDSVILLE OH (LAT 40 32 57N LONG 080 43 06W)
June 7, 1991 40 10 80 240 30 40

403339080400900 B-6 HOLLOW ROCK RN NR HAMMONDSVILLE OH (LAT 4033 39N LONG 080 40 09W)
June 7, 1991 200 120 220 <10 30 30

402852080361800 B-7 CROXTON RN AT TORONTO OH (LAT 40 28 52N LONG 080 36 18W)
June 12, 1991 350 40 1,100 30 80 60

402610080375700 B-8 ISLAND C NR TORONTO OH (LAT 4026 10N LONG 080 37 57W)
June 12, 1991 660 70 770 120 40 30
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Table 14. Ranges and medians for selected water-quality characteristics for streamwater sites in Yellow
and Cross Creeks basin, June 1991

[mg/L, milligrams per liter; pg/L, micrograms per liter; uS/cm, microsiemens per centimeter at 25 degrees Celsius]

Property or Locations?
constituent Range (fig. 16) Median

Specific conductance,

in uS/em------------- 365 to 2,100 B-5; B-3 1,025
pH 7.5t08.4 B-5; B-1 8.0
Alkalinity, in mg/L

as CaCO3------------ 51 10204 B-5; B-3 127
Sulfate, dissolved,

in mg/L as SO4----- 120 to 1,200 B-5; B-3 295
Aluminum, total,

in ug/L as Al-------- 40 to 660 B-5; B-8 210
Aluminum, dissolved,

inug/L as Al------- 10 to 140 B-5; B-2 55
Iron, total,

in pg/L as Fe-------- 80to 1,100 B-5; B-7 450
Iron, dissolved,

in pg/l. as Fe-------- <10 to 240 B-6; B-5 110
Manganese, total,

in ug/l. as Mn------- 300 200 B-5; B-6 40
Manganese, dissolved,

in pg/L as Mn------- 10 to 180 B-1; B-2 35

 Sites at which the minimum values in the ranges were measured are to the left of the semicolon. Sites at which the
maximum values in the ranges were measured are to the right of the semicolon.
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Figure 17.--Ranges, percentiles, and medians of constituents at eight streamwater sites
in the Yellow and Cross Creeks basin.
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Geologic Setting

Major bedrock units underlying the basin,
in ascending order of age, consist of shales of
Mississippian age and sandstones and coal-
bearing strata of Pennsylvanian age. The old-
est unit is the Cuyahoga Formation, of
Mississippian age, which lies below a covering
of glacial drift in the valley floor of Killbuck
Creek at the northern end of the basin. Else-
where, the overlying Logan Formation
(Mississippian) forms many of the valley
floors in the nonglaciated area. To the south
and east, the stratigraphic section continues
upward with the Pottsville, Allegheny, and
Conemaugh Formations of Pennsylvanian
age (fig. 4). Only small remnants of the
Conemaugh are present in the southeastern
part of the basin. Structurally, the stratigraphic
section shows a gentle eastward regional dip.

Most of the coal produced in the basin is
from the Allegheny Formation, which is
present in patches over much of the area. On
the basis of information given by Lopez
(1991), the Lower Kittanning (No. 5) and the
Middle Kittanning (No. 6) coals are the princi-
pal units being mined. Other Allegheny units
being mined include the Brookville (No. 4)
and the Strasburg (No. 5A). The Upper
Freeport (No. 7) coal at the top of the
Allegheny Formation is missing over much of
the area because of erosion. Three Pottsville
coals that are present not far below the base of
the Allegheny Formation—the Lower Mercer
(No. 3), Upper Mercer (No. 3A), and the
Tionesta (No. 3B)—are mined locally.
Because of their localized presence, not all of
the above-mentioned coals are listed in
figure 4.

Coal output in 1989 included production
from the No. 4 coal near Millersburg and from
the No. 5 and No. 6 coals in Coshocton County
between Doughty and Mill Creeks (fig. 18).

A number of sites across the basin are under
permit to extract either the No. 5 or No. 6 coal.
Most of these are in the southeastern part of
the basin not far from Coshocton.
Unconsolidated and bedrock aquifers are
important water supplies in the basin. The
unconsolidated aquifers consist of thick depos-
its of sand and gravel that are present in much
of the glaciated area and are largely restricted
to outwash valleys south of the glaciated area.
Well yields from these deposits can exceed
1,000 gal/min; for bedrock aquifers, however,
yields are generally less than 25 gal/min
(Crowell, 1979; Sugar, 1988). The Cuyahoga
and Logan Formations of Mississippian age
are a bedrock source of water along the west-
ern parts of the basin, and many wells in this
area that yield from these units are more than
400 ft deep. The use of these bedrock sources
is limited in places by depth or a change in
rock composition from sandstone to shale.
In Coshocton County, the Pottsville Formation
is a common bedrock source of water supply.
Also available are shallow local supplies in
sandstone, limestone, and coal units of the
Allegheny Formation.

Water Quality

In addition to two long-term streamwater
sites, five short-term sites were selected for a
synoptic sampling of the basin. Ground-water
samples were collected from four wells in the
southern third of the basin, the area of most of
the surface-mining activity.

The streamwater sites in the table on the
next page were sampled in June 1991 because
of high flow in fall 1990. Their locations are
shown in figure 18.

The Walhonding River and Killbuck Creek
receive substantial flow from drainage basins
upstream. Sampling sites on these streams
would not be dia<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>