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Conversion Factors

Factors for converting inch-pound units to the International
System (SI) of units are given below:

To convert from To Multiply by

inch (in) millimeter (mm) 25.4

foot (ft) meter (m) 0.3048

mile (mi) kilometer (km) 1.609

foot2z (ft2) meter? (m2) 0.0929

nile2 (mi?2) kilometer2 (km?) 2.590

acre hectometer2 (hm?2) 0.4047

foot2 per second meter2 per second 0.02832
(£t3/s) (m3/s)

acre-foot (acre-ft) hectometer3 (hm3) 0.001233

ton (short) metric ton (%) 0.9072

micromho per centimeter microsiemens per centimeter 1.000
(unho/cm) {(uS/cm)

degree Fahrenheit (°F) degree Celsius (°C) Temp°C= (tem®F

-32) /1.8



POTENTIAL IMPACTS OF A PROPOSED RESERVOIR ON
HYDROLOGIC AND WATER-QUALITY CONDITIONS
IN LITTLE RUSH CREEK WATFRSHED,
FAIRFIELD COUNTY, OHIO

by Janet Hren and Rick L. Jones

——— — o e e > o

ABSTRACT

e s s e s i

Water-quality and discharge measurements were made at three
sites on Indian Run and one site on Little Rush Creek between
February and December, 1979. 1Indian Run was observed above and
below the U.S. Soil Conservation Service Reservoir, VI-D. Little
Rush Creek was observed 1.1 miles downstream from the proposed
U.S. Soil Conservation Reservoir, VI-A, site. Data from the
Indian Run sites were used to predict the potential water-quality
conditions 1in and downstream from the proposed Little Rush Creek
Reservoir.

Temperatures measured in Indian Run at the reservoir outflow
were as much as U4°C greater than those at the inflow. Dissolved-
oxygen saturation ranged from 62 to 110 percent in the inflow and
from 57 to 120 percent in the outflow. Indian Run and Little
Push Creek are characterized by moderately hard to very hard
calcium bicarbonate water. The concentration of dieldrin in
water samples from both Little Rush Creek and the outflow from
the reservoir on Indian Run was 0.01 micrograms per liter, and in
reservoir-surface samples it was 0.02 micrograms per liter.
Chlordane concentration in a bottom material sample from the
reservoir was 26 micrograms per kilogram. Catfish taken from the
reservoir contained 190 micrograms per kilogram chlordane.

All sites showed a good diversity in benthic invertebrate
communities. Blue-green algal blooms occurred in the reservoir,
indicating nutrient-enriched conditions.

Because of similarities in land use and watershed
characteristics, water in the proposed reservoir VI-A is expected
to be similar in quality to that of reservoir VI-D. The new
reservoir will not significantly affect downstream water quality.



INTRODUCTION

The U.S. Soil Conservation Service has proposed construction
of a dam on Little Rush Creek near Oakthorpe, Ohio, to create a
302-acre multipurpose reservoir. The proposed reservoir (VI-3)
is part of an ongoing program of watershed protection in
Fairfield, Hocking, and Perry Counties (fig. 1). The purpose of
this study, made in cooperation with the U.S. So0il Conservation
Service, is to provide physiographic, land-use, water-quality,
and streamflow data to assess potential reservoir water quality
and downstream effects of the proposed impoundment.

Samples were collected from February through December 1979
from a nearby reservoir (VI-D), its inflow and outflow, and from
Little Rush Creek near the proposed dam site (fig. 1). This
comparative sampling program was used because the respective
sites are in the same area and have similar climates, watershed
characteristics, stratification patterns, and biologic
communities.

WATERSHED DESCRIPTION

Land Use

The 1Indian Run and Little Rush Creek watersheds compose the
northern drainage area of the Hocking River watershed and include
parts of Fairfield and Perry Counties (fig. 1). The area 1is 31
miles southeast of Columbus, Ohio.

The major 1land uses studied were cropland, pasture, and
forest. Percentages for each are shown below:

Indian Run Little Rush Creek

Cropland 58 53
Pasture 36 35
Forest 3 9
Other 3 3
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The difference in forested acreage between the Indian Run and
the Little Rush Creek watersheds (3 percent and 9 percent,
respectively) is primarily due to the steeper terrain of the
Little Rush Creek watershed, which reduaces the amount of tillable
acreage. The major cash crop of both watersheds 1is soybeans.
Other <crops of importance include corn, wheat, rye, and barley
(U.S. Soil Conservation Service, written communication, 1979).
Forested areas are primarily hardwoods, which are used 1in
construction and the paper industry. Pasture 1lands are used
mainly for beef and dairy livestock.

Soils

The soils of the Indian Run and Little Rush Creek watersheds
were formed during and after late Wisconsin Glaciation. Although
there are many similarities in land use in the two watersheds,
there are minor differences in the soils.

Indian Run

A large part of +the 1Indian Run watershed is covered by a
silty-clay loam or clay loam derived from till. This grayish-
brown soil ranges from 8 to 11 inches in thickness and is known
as the Cardington-Bennington Association (U.S. Department of
Agriculture, 1960). The subsoil is a clay loam ranging from 18
to 24 inches in thickness.

The northwest part of the Indian Run watershed is underlain
by 1lacustrine deposits of silt and clay. In some places this
material is covered by 5 to 50 feet of marl and peat (Goldthwait
and others, 1961).

Little Rush Creek

The central and northern parts of the Little Rush Creek
watershed are covered by so0il of the Alexandria-Cardington-
Bennington Association, which overlies a relatively high clay
subsoil. Alexandria soil is on steep, well-drained slopes.



The gently rolling to steep eastern and southern areas are
characterized by moderately well-drained soils overlying
sandstone bedrock at depths of 20 to 40 inches. Soils are of the
Hanover-Loudonville-Alford Association. The Alford soils are
more common on the less sloping, broad ridge tops; whereas, the
Hanover and Loudonville soils overlie steeper areas. In areas
with a 6 to 18 percent slope, erosion can be severe in periods of
rapid runoff, depending on the type of vegetal cover.

The soils in the western part of Little Rush Creek watershed
are of the Cardington-Bennington group, the same association as
in the Indian Run watershed.

The soils of the two watersheds are generally similar, except
that silt and clay predominate in the Indian Run watershed, and
sandstone bedrock predominates in the Little Rush Creek
watershed.

Climate

The climate 1is temperate with a mean annual temperature of
50°F. Summers are usually warm and humid, and winters are cold
and overcast. Extremes for 1979 were -7°F on February 17 and
90°F on August 7. (National Weather Service, oral communication
1979) .

The mean annual precipitation for Lancaster is 36.9 inches.
Precipitation totalled 50.3 inches at Lancaster in 1979 (National
Weather Service, oral communication 1980).

Description of Sampling Sites and Data Collected

—— -

The sampling network in the 7.62 square mile Indian Run
watershed contains three sites, S,, L3, and 54 (fig. 1). Site s,
is just downstream from reservoir VI-D. Site S; 1is on Indian
Run, approximately 0.5 miles upstream from reservoir VI-D.
Sampling site L, is in an area of maximum depth, in the southwest
part of reservoir VI-D.



Sampling site S,, is in the 30.1 square mile Little Rush
Creek watershed, \ miles downstream from the proposed reservoir
VI-A, and the data are representative of the water that would
enter this proposed reservoir.

Chemical and biological data were <collected at the three
stream sites, S, Sy e and S between February 1979 and December
1979. Samples were collecteﬁ at both low and high flow. 1A stage
recording gage and water-quality monitor were installed by the
0.S. Geoclogical Survey at S, to measure daily gage height, stream
temperature, and specific. conductance.

Field measurements of pH, temperature, specific conductance,
dissolved oxygen, alkalinity, and bacteria (fecal coliform and
fecal streptococci) were made at all the sites. Water samples
were collected for selected inorganic and nutrient constituents.
Samples were analyzed by the ©U.S. Geological Survey central
laboratory in Georgia. The sampling schedule is presented in
table 1 for the three stream sites and the reservoir site. The
following is a list of constituents for which the samples were
analyzed, but concentrations were below detection limits:

Cyanide Ethion Parathion
Beryllium Toxaphene Methylparathion
Napthalenes Heptachlor Mirex

Lindane Methoxychlor Trithion
Endosulfan Malathion Methyltrithion

Discharge measurements were made at the stream sites when the
water samples were collected. Daily mean discharge for site S,
is shown in appendix 1. Specific conductance and temperature
data for site S, are shown in appendix 2 and appendix 3,
respectively.

Benthic communities were sampled by artificial &ubstrate
(multi-plate type) samplers. The substrate samplers were
installed and remained in place for 30 days.

R study to determine possible sources of stream contamination
was made in June 1979 for the Indian Run and Little Rush Creek
wvatersheds. Parameters determined were stream temperature,
specific conductance, pH, and dissolved oxygen.

The stream temperature of Indian Run, 2.2 miles above site
S, s was 27°C. Temperatures decreased steadily to site S,, where
the water was 17°C. The stream temperatures of tributaries to
Indian Run ranged from 18°C to 22°C. The decrease in temperature
is the result of several factors. The ground-water inflow
(seepage} has a tendency to cool the entire strean. The
downstream reaches are harder for the sun to heat because of
increased pool depth and increased density of the tree cover.



Table 1.--Sampling schedule for Little Rush Creek and
Indian Run (1979)

Explanation:

f&c, field and common inorganics, nutrient species,

oil, grease, total organic carbon, bacteria, biological oxygen
demand, and phytoplankton; P, pesticides (water phase and bottom
material); te, trace elements; bo, benthic organisms.

T T T T T
Sample : | : L ! ' 2 f
site | Jan.: Feb. Mar.:Apr. May JunelJuly .Aug. Sept.iOct.|Nov. [Dec
’ f i ! |

féc fé&c f&c f&c f&c f&c f&c f&c f&c fac

S p p p

1 te te te
bo bo bo bo
f&c fé&c fac f&c f&c f&c fa&c f&c f&c fé&c

p p p

S2 te te te
bo bo bo bo
fac f&c f&c f&c fé&c féc fé&c

L P i
3 te te
bo bo bo bo bo bo

f&c fé&c f&c f&c f&c f&c f&c f&c f&c fé&c

p p

54 te te
bo bo bo bo




The water temperature at reservoir VI-D, site L5, was 21.5°C
at 1 foot below the surface. Stream temperature downstream from
the reservoir, at site S,, was 219C. Specific conductance ranged
from 735 pmho/cm at 25°C at the upper end of the watershed to 475
pmho/cm at site S,.

Eleven other sites were used to determine mean pH within the
wvatershed. Values ranged from 7.3 to 8.5, with a mean of 8.0.
These same sites were used to determine dissolved oxygen
saturations. Calculations show saturation in Indian Run near the
watershed to be greater than 100 percent. Dissolved oxygen
concentrations ranged from 9.1 mg/L to 12.2 mg/L. At site Sy v
the concentration was 7.8 mg/L.

The dissolved oxygen saturation at site L, was 108 percent
(9.2 mg/l). The increase at site compar ed uiéh that at site
S4 might be attributed to photosynthesis in the reservoir.
Measurements at site S, showed saturation to be 93 percent, with
a concentration of %.1 mg/L. The major significance is that
while specific conductance and pH are relatively stable as water
travels through the reservoir, temperature increases slightly, as
does dissolved-oxygen saturation between site S, and Sz’

~There are no manufacturing plants, sewage-treatment plants,
or other major dischargers within the Indian Run watershed. The
Ohio Environmental Protection Agency has issued no permits to
date, for discharge under the National Pollutant Discharge
Elimination System (NPLCES), and no other point sources of
pollution were detected. However, runoff from agricultural lands
(nonpoint sources) contributes increased concentrations of total
organic nitrogen and total phosphorus. (See appendixes 4, 5.)

Temperature, specific conductance, pH, and dissolved oxygen
were also checked at 19 sites in the Little Rush Creek watershed.
The results were similar to those of the 1Indian Run watershed.
Specific conductance ranged from 380 to 680 mmho/cm, and at site
S, it was 525 pmho/cm. Stream temperature gradually decreased
from 23.59C near the headwaters to 179C at site S,. The decrease
in temperatures in the downstream reaches was probably caused by
the inflow of cooler ground water and the 1lower incidence of
solar radiation due to the tree cover. The pH ranged from 7.3 to
8.3 in the watershed and had no apparent trend.

Dissolved-oxygen saturation in the headwaters of Little Rush
Creek and its tributaries was greater than 100 percent but
decreased to 86 percent at site S; . Dissolved oxygen
concentrations ranged from 12.6 mg/L near the headwaters to 8.2
mg/L at site Sq. At a site 0.25 mile upstream from the proposed
VI-A dam site, stream temperature was 17.5°9C and dissolved-oxygen
concentration was 8.6 mgy/L (92 percent saturation).



The Little Rush Creek watershed, 1like the 1Indian Run
watershed, has no known point sources of pollution. The increase
in concentrations of total organic nitrogen and total phosphorus
(appendix 6) is from agricultural runoff.

RESEEVOIR SPECIFICATIONS

Reservoir VI-A, planned for flood control and fish and
wildlife development, will impound 3,165 acre-feet of water and
will have a surface area of 302 acres. It will be a surface-
release reservoir with a standard covered +top riser, single
stage, overflow structure. Reservoir VI-A will have a maximun
depth of 36 feet, a mean depth of 10.5 feet and a drainage area
of 28.2 square miles. Based on the discharge data in appendix 1
and a volume of 3,165 acre-feet, the water-residence time in
reservoir VI-A will be 0.10 year.

The fish and wildlife facilities at reservoir VI-A will
include 302 acres of water for fishing and 444 acres of
surrounding land for wildlife habitat. Also planned are parking
facilities for 30 cars and boat trailers, a boat ramp, and a
vault latrine.

Site preparation for the new reservoir will include complete
stripping at the dam site and removal of most trees in the main
pool area. Grass, brush, and shrubs in the main pool area will
be left, as well as trees in some areas of the littoral zone, for
fish habitat.

Reservoir VI-D in comparison, is a surface-release reservoir
{single-stage, standard covered top riser) with a permanent pool
surface area of 43 acres and impounds 410 acre-feet of water.
The maximum depth is 26 feet, mean depth is 9.5 feet, and  the
drainage area is 7.6 square miles. The water-residence time for
reservoir VI-D is 0.05 year.

Reservoir VI-D was built as a single-purpose flood-control
structure; however, it is open to the public for fishing.



DISCHARGE DATA

Daily mean discharge was computed from the gage-height record
~collected at site S; (appendix 1). Only miscellaneous discharge
measurements were made at sites S, and § . Physical restrictions
at both S; and §; prohibited the measurement of high discharges.
However, crest-stage gages were installed to record peak-gage
heights at sites S, and S,4.

Discharge measurements were made monthly at S; from December
1978 to December 1979. A continuous record was obtained from
February 1979 to January 1980.

The peak discharge for site S was 1,300 ft3/s on September
14, 1979. The mean daily discharge for that day was 1,080 ft3/s.
The lowest recorded daily mean discharge was 4.8 f£ft3/s on July
23, 1979. The mean discharge for the period of continuous record
is 50 ft3/s.

The discharge for site S;, above the reservoir, ranged from
an estimated 480 ft3/s to a measured low of 1.8 ft3/s. Discharge
below the reservoir, at site Sy v ranged from 335 ft3/s
(estimated) to 2.8 ft3/s.

Data collected at the two sites on Indian Run (Sy, and Sjy)
show little change in the flow downstream from the reservoir
during average or low flow.

WATER-QUALITY DATA

S e > e S iy P <y e

Dissolved Oxygen

In reservoirs the pattern of dissolved-oxygen distribution
can be extremely variable horizontally, vertically, and
seasonally. Each reservoir is unique in the quality of inflow,
morphology, stratification patterns, and drawdown and discharge
characteristics (Wetzel, 1975).

Sources of dissolved oxygen to a body of water include
atmospheric reaeration, photosynthetic production and the
incoming flows. Dissolved oxygen may be lost from a lake or
reservoir by plant and animal respiration, bacterial respiration
in decomposition of organic matter, and chemical oxidation of
iissolved organic matter. In new reservoirs, oxygen depletion
from the hypolimnion may be enhanced due to the decay of newly
flooded vegetal material, soils and debris, etc., (Baxter, 1977).

10



There were no appreciable differences 1in dissolved-oxygen
concentrations between the outflow (site S;) and the inflow (site
S, V. Monthly variations in dissolved-oxygen concentrations of
Indian Run at sites sS4, and S, are shown in figure 2. The
dissolved-oxygen concentrations at site S, ranged from 7.7 mg/L
in June to 14.2 mg/L in December (appendix ﬁ). At site S, , the
concentrations ranged from 6.8 mg/L in November to 15.2 mg/L in
December (appendix 5). At site S1, concentrations ranged from
7.6 mg/L in November to 15.4 mg/L in December (appendix 6).

At site L3, dissolved-oxygen concentrations ranged from 6.6
ng/L in October to 12.8 mg/L in December, 2 feet below the
surface and from 0.8 mgy/L in August to 13.2 mg/L in December at
18 feet (appendix 7). Dissolved-oxygen data fronm site 13
indicate that stratification of reservoir VI-D began in April
and continued into October.

Diurnal variations of dissolved oxygen, temperature, pH, and
specific conductance were measured at site L3 on March 28 and 29,
1979 (appendixes 9 and 10) . Measurements at site L3 were
taken every 1.5 hours at 2 and 18 feet below the surface.
Although a complete +top to bottom profile was not taken,
measurements at 2 and 18 feet indicated slight differences in
dissolved oxygen and temperature. Diurnal variation of dissolved
oxygen at 2 feet ranged from 9.0 to 14.4 mg/L, and that at 18
feet ranged from 9.8 to 13.4 mg/L.

Another 2U-hour profile was made at site Ly on October 10-11
(appendixes 9 and 10) when a top tc¢ bottom profile of
dissolved oxygen, temperature, and specific conductance was taken
(Eig. 3). Measurements were made at 1-foot intervals from the
surface to the bottom in the reservoir and just below the water
surface at the stream sites. Fig. 3 shows that the reservoir was
thermally mixed and dissolved-oxygen stratification was beginning
to break up.

11
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Dissolved-oxygen concentrations in reservoir VI-D at 18 feet
in June, July, and August (appendix 7) were very low (0.8 to 3.2
mg/L), indicating possible anoxic conditions in the deeper water.
Loss of oxygen from the hypolimnion during summer stratification
results in a clinograde oxygen distribution (decrease of oxygen
in the hypolimnion) typical of most small productive lakes
(Hutchinson, 1957). = Other Ohio 1lakes also exhibit similar
patterns of stratification and oxygen depletion in the
hypolimnion in summer (Tobin and Youger, 1977; 1979). The
proposed reservoir VI-A 1is also expected to have a clinograde
oxygen distribution pattern and depletion of dissolved oxygen in
the hypolimnion during the summer. This depletion of oxygen may
be enhanced during the first few years due to decomposition of
vegetal material. Concentrations of dissolved oxygen downstream
from reservoir VI-A should be higher or similar to those upstrean
from the reservoir as it will also have a surface release.

Temperature

Reservoir VI-D did not significantly increase the temperature
of the outflow water over that of the inflow. The maximum
observed increase in temperature between site S, and site S5, wvas
4.50C (fig. 4). None of the measured values exceeded Ohio
standards for water temperature for the Hocking River basin (Ohio
EPA, 1978).

The temperature of the outflow from the proposed reservoir
will probabiy be somewhat higher than that of the inflow. The
longexr waiter residence time of reservoir VI-A will tend to cause
a greater increase in temperature than that measured in reservoir
VI-D.

pH

The pH of the outflow of reservoir VI-D was generally higher
than that of the inflow. This increase is probably due to
photosynthetic activity in the reservoir, which reduces the CG,
content of the water and increases pH. The pH at site S4 ranged
from 6.7 to 8.2 (appendix 4). At site s,, pH ranged from 6.9 to
8.6 (appendix 5}. The lowest values at both sites were recorded
during storm runoff. Monthly variation in pH between the two
sites is shown in figure S.

In reservoir VI-D, the pH at 2 feet ranged from 6.8 to 8.8
and that at 18 feet from 6.9 to 8.6 (appendix 7). Diurnal
variation of pH in the reservoir in March and October is shown in
appendixes 9 and 10.

14
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At site Sy, the pH was comparable to that at S4, ranging from
6.6 to 8.1 (appendix 6). Lowest values at site S, were recorded
during runoff. The proposed reservoir VI-A will probably
slightly increase pH downstrean due to the increased
photosynthesis.

Nutrients

Two nutrients required for agquatic plant grovwth and
reproduction are nitrogen and phosphorus. They are generally
considered to be the major nutrients that can 1limit or control
primary productivity in aquatic systenms.

Forms of phosphorus and nitrogen that can be utilized by
aquatic plants are the soluble orthophosphate and inorganic
nitrogen (NO, + NO;) fractions (Rast and Lee, 1978). Critical
concentrations of inorganic phosphorus and inorganic nitrogen
required for phytoplankton growth are 0.01 mg/L and 0.3 mg/L,
respectively (Sawyer, 1947) . Above these levels, nuisance algal
blooms can occur. Bloom conditions exist when the number of
algae per liter exceed half a million (Fruh, 1967). There are
other compounds and elements that can also limit or enhance algal
production,.

Phosphorus and nitrogen data are presented in appendixes 4,
5, 6, 7, 8. Orthophosphate concentrations at site S, ranged from
less than the detection 1limit (0.01 mg/L) to 0.11 mg/L. Eighty-
eight percent of the samples collected at site S5, had
concentrations of orthophosphate of 0.01 mg/L or higher. The
concentration of 1inorganic nitrogen at S, ranged from 1.37 to
6.65 mg/L. Nitrogen occurred chiefly as T“nitrate. Increased
concentrations of both nitrogen and phosphorus during storms were
most likely from agricultural sources.

At site S, orthophosphate concentrations ranged from less
than the detection limit (0.01 mg/L) to 0.11 mg/L. Seventy-three
percent of the samples contained concentrations of 0.01 mg/L or
higher. 1Inorganic nitrogen concentrations at s ranged from 1.03
to 4.7 mg/L, less than that in the inflow.
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At site S, , orthophosphate concentrations ranged from less
than the detection limit (0.01 mg/L) to 0.12 mg/L. Eighty-tvwo
percent of the samples contained concentrations of 0.01 mg/L or
more. Inorganic nitrogen concentrations ranged from 0.33 mg/L to
5.0 mg/L. Values were less than those at S, , but were still well
above the critical concentrations requiredf%or algal blooms,

In reservoir VI-D (site L ) o the concentration of
orthophosphate 2 feet below the surface ranged from 0.00 mg/L to
0.09 mg/L. On several occasions during the summer, the
concentration was below the limit of detectability (0.01 mg/L),
indicating that available phosphorus was probably tied up 1in
algal biomass. Inorganic nitrogen concentrations at 2 feet
ranged from 1.9 to 5.2 mg/L.

In reservoir VI-D, the concentration of phosphorus may
control the severity of algal blooms. The available phosphorus
is above the critical concentration described by Sawyer (1947);
however, because of the high concentrations of inorganic
nitrogen, more severe blooms may occur if additional phosphorus
is introduced into the system. Severe blooms are also possible
in the proposed reservoir because of the high concentrations of
available phosphorus and nitrogen at site S;.

Major_Constituents

The major cations in most inland surface waters are calcium,
magnesium, sodium, and potassium. The major anions are
bicarbonate, carbonate, sulfate, and chloride. The concentration
of these constituents in surface waters is related to the

composition of rock material in +the drainage basin (Wetzel,
1975).

The inflow (site S,) to reservoir VI-D was characterized by
moderately hard calcium bicarbonate sulfate water during high
flows and hard to very hard calcium bicarbonate water during low
flows (17-71 mg/lL calcium, 56-250 mg/L bicarbonate, 21-49 mg/L
sulfate). See «criteria used to classify water from Tobin and
Youger, (1977), :

Data from site L3 indicate that water in reservoir VI-D is of
the hard to very hdrd calcium bicarbonate type (41-62 nmg/L
calcium, 120-250 mg/L bicarbonate).

Both sites S, and S, were characterized during high flows by
moderately hard calcium %icarbouate water and by hard to very
hard calcium bicarbonate water during 1low flows (28-69 mg/L
calcium, 84-220 mg/L bicarbonate at S ; 17-67 mg/L calcium, 48-
240 mg/L bicarbonate at Sj). 2
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Water in the planned reservoir VI-A is expected to be similar
to that in reservoir VI-D in hardness and concentration of major
constituents.

Specific conductance, a measure of water®s capacity to
conduct an electrical current, ranged from 180 to 710 mmho/cm at
S4 (appendix 4). In reservoir VI-D, conductance ranged from 370
to 690 umho/cm at 2 feet, and from 405 to 620 pmho/cm at 18 feet
(appendix 7). At site S,, conductance ranged from 210 to 650
pmho/cm (appendix 6).

At sites v Ly, and S, specific conductance was measured
only during routine sampllng and in general was highest during
low flows and 1lowest during high flows. At site S1 a U.S.
Geological Survey monitor recorded daily values for specific
conductance. Values at S, ranged from less than 100 mumho/cm to
greater than 1,000 pumho/cm. The higher values were recorded in
January and February and probably were due to road-salt runoff
from a bridge directly upstream from the monitor intake.

Trace_Elements_and _Pesticides

Trace Elements

All monthly samples from all sites were analyzed for iron and
manganese. Stream sites S; and S, were sampled three times,
Sy, twice, and the reservoir, site 1L, twice for additional trace
elements (appendixes 4, 5, 6, 7).

Water samples collected at site S, in February, July, and
September exceeded Ohio EPA (1978) water-quality standards for
iron for a warmwater habitat (1,700-7,000 mg/L). The June sample
exceeded the water quality standards for lead (60 jpg/l). At S2 ’
iron exceeded the Ohio EPA (1978) water-quality standard limits
on several occasions (1,200-4,700 pg/L). High levels of cadmium
and 1lead were measured in the June sample (17 pg/L and 200 mpg/L,
respectively). In reservoir VI-D (site concentrations of
iron, 1lead, and =zinc in both surface anf bottom waters were in
violation of Ohio EPA (1978) water-quality standards. High
concentrations of manganese occurred in the bottom waters in
June, July, August, and October. These high levels were probably
due to the release of manganese from the sediments under reducing
conditions.
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In water samples collected at site Sy s concentrations of iron
(1,700-1,600 pg/L), lead (100 pg/L), copper (17 ng/L), and zinc
(70 ng/Ly exceeded Ohio EPA (1978) water-quality standards. High
levels of copper and zinc were measured in samples collected in
September during a major storm.

No known point sources exist in the watersheds that could be
contributing trace elements to the streams. It is possible that
the trace elenments occur naturally in the surrounding soils and
are carried into the streams with stormwater runoff.

Exceedence of the water-quality standards for trace elements
could affect +the reservoirs ability to support reproducing
populations of desirable fish species and benthos. This will
depend on the fregquency and severity of the violationms.

Pesticides

Samples for pesticide analysis, both water phase and bottom
material, were «collected from the stream sites in June, August,
and September {(appendixes 4, 5, 6). Samples from the reservoir
were collected in April and June (appendix 7). The April,
August, and September samples were taken during storm runoff.
The June sample was collected during base flow.

The water samples collected in September from S,, 52, and
S, contained levels of dieldrin in excess of Ohio E%A (1978)
water-qualiity standards. The surface-water sample taken from
reservoir VI-D in April also exceeded the standard for dieldrin.
The Dbottom material sample taken from the reservoir in April
contained 26 ug/kg chlordane. Although U.S. Environmental
Protection Agency has not established criteria for concentrations
of pesticides in sediment, this 1level does exceed the U.S.
Geological Survey alert system limit (20 pmg/kg) for chlordane.
Under this system, concentrations exceeding the limit are flagged
and verified by reanalyzing the sample.

In July, two bullhead catfish (Ictalurus sp.) were taken from
reservoir vi-D and analyzed for tissue concentrations of
pesticides (table 2). The concentration of chlordane in the fish
was nearly twice the recommended 1level for accumulation in
aquatic organisms (National Academy of Sciences and National

Academy of Engineering, 1973).
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Table 2.--Pesticide residues in catfish taken
from reservoir VI-D on July 26, 1979

(Analysis of whole-fish sample by
U.S. Geological Survey central
laboratory in Georgia.)

Amount in
microgram
Pesticide per kilogram
Technical chlordane 190
DDE 38
PDD 3.3
PCB 30
Dieldrin 82
Endrin 1.5

The source of these pesticides in the two watersheds is
probably runoff from cropland. Reservoir VI-D was formed by
flooding land previously used for agriculture. The site proposed
for reservoir VI-A is currently used for agriculture. Dieldrin,
chlordane, and perhaps other pesticides may be detected in the
proposed reservoir. Pesticide concentrations.in reservoir VI-A
may be similar to those in reservoir VI-D.

Suspended_Sediment

Suspended sediment samples were collected at sites S,, S,,
and s, from March 1979 to December 1979. Table 3 shows the date
of collection, concentration, and corresponding discharge. The
equal-transit rate method, described by Guy and Norman (1970),
was used in the collection of all the samples.

Analysis of suspended sediment samples taken at S, showed a
maximum concentration of 608 mg/L at a discharge of 3 ft3/s.
During base flow, concentrations were less than 10 mg/L.

Appreciable differences 1in sediment concentrations vere
observed at S3. The highest concentration measured at S, was
222 mg/L with a discharge of 42 ft3/s. The minimum concentration
measured was 4 mg/L at a discharge of 12.6 ft3/s.
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A suspended sediment concentration of 1,230 mg/L was measured
on April 2, 1979, at site S, at a discharge of 325 ft3/s. Base
flow conditions had minimum concentrations of less than 10 mg/L.

Suspended-sediment load was computed by the flow-duration-
sediment-transport-curve method (Miller, 11951) at each site.
Yearly 1load for s, was 26,265 tons. Site S, had an annual
loading of 1,825 tons, whereas S, , below reservoir VI-D, had only
350 tonms.

Trap efficiency for suspended sediment of reservoir VI-D is
81 percent. This percentage is the difference between the annual
suspended loads for S, and S,. The trap efficiency in reservoir
VI-A is expected to equal or éexceed that of VI-D, as the proposed
reservoir will be deeper, have a 1longer water residence time,
and, like VI-D, have a surface-release outflow.

BIOLOGIC DATA

Benthic Organisas
Benthic organisms are associated with the substrate of a
stream or lake. '‘Because of their slight mobility and relatively
long 1life span, they are often used as indicators of water-
quality conditions. The benthic community of an unstressed,
clean water system normally consists of a 1large number of
different organisms with few individuals of each type present.
Aquatic systems stressed or degqraded by contamination are
characterized by benthic communities of a few different types
with large numbers of each.

The quantitative expression of the distribution of organisms
among taxa is called a diversity index. The Shannon-Weaver
function was used to calculate mean diversity {(d) for this study
(Shannon and Weaver, 1949).

Diversity index values of clean water systems are usually
between 3 and 4, whereas those of highly polluted waters are less
than 1. Values between 3 and 1 indicate slight to moderate
levels of degradation (Wilhm, 1970).
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Sample counts and diversity indices for sites S5,, S;, L and
S4 are presented in appendixes 13, 14, 15, and 16, respectively.
The tables list the 1dent1f1cat10ns to the family level, whereas
the diversity indices are based on the number of different
genera.

The median diversity index values for the sampling sites are:

S1 = 3.07
S2 = 2.30
L3 = 2.70

These values indicate a clean water system at site S, and
possibly slight to moderate degradation at sites S,, L., and S4 .
The values also indicate no difference in diversigy o% organisms
upstrean and downstream from reservoir VI-D.

Formation of a reservoir on a stream generally tends to
increase the number of organisms immediately below the reservoir
due to the increase in food supply (phytoplankton) and the
decrease in annual fluctuations in water levels (Hynes, 1970;
Baxter, 1977). This increase in number of organisms is the only
effect expected on the benthic community after reservoir VI-A is
constructed.

Phytoplankton

The phytoplankton are the plant organisms suspended or free-
floating in a body of water. Large populations may develop in
reservoirs or lakes, but in £flowing waters the numbers are
usually low. The diversity index of a phytcplankton community is
of slight value because the organisms move with the current and
are short-lived and very seasonal.

The occurrence of algal blooms, especially the blue-green
algae which are typical of nutrient-enriched conditions, are more
important than the diversity index concept in looking at the
quality of a reservoir.

The large numbers of blue-green and green algae in reservoir
VI-D reflect the availability of the plant nutrients,
phosphorous, and nitrogen. The phytoplankton data are presented
in appendixes 17, 18, 19, 20. Other factors such as increased
temperature, availability of other required nutrients,
zooplankton grazing, etc., can also affect algal production.
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The proposed reservoir VI-A may also support blooms of algae
due to the similarities in concentrations of phosphorous and
nitrogen at sites S, and S, and in land-use practices in the
watershed. Concentrations of mineral nutrients in reservoir VI-
A may be higher during the first few years after formation due to
leaching from newly flooded soils and decomposition of vegetal
material.

Bacteria

Water samples are analyzed for bacteria as an indication of
contamination. Two Dbacteria commonly tested for are fecal
coliforms and fecal streptococci. The ratio of fecal coliform to
fecal streptococci is used as an indication of the source of
these bacteria. Ratios greater than 4.0 indicate wastes of
predominately human origin, whereas ratios less than 1.0 indicate
wastes of animals, particularly livestock and poultry (Millipore
Corp. 1973).

Fecal coliform and fecal streptococci data for sampling sites
S1{ ¢+ S, L,, and S, are presented in appendixes 4, 5, 6, 7. The
average fecal coliform to fecal streptococci ratios at sites S, ,
S L3 , and s were 0.98, 0.98, 1.14, and 0.78, respectiveiy.
These values indicate wastes of predominately animal origin. The
numbers of bacteria were highest and the ratios 1lowest during
runoff, This is expected due to the predominance of pasture and
farm land in the watersheds.

The number of bacteria in water samples from sites L3 and S,
were ‘lower than those from S;. WNone of the fecal coliform counts
from the reservoir (L_,) exceeded Ohio EPA (1978) water-quality
standards of 5,000 colonies per 100 mlL for secondary contact
recreation waters.

The number of bacteria in samples from site S, were generally
lower than those from S4. 0On one occasion, in water collected
during a major storm, the fecal coliform counts did exceed Ohio
EPA (1978) water-quality standards for secondary contact
recreation waters. However, the probable sources of
contamination, houses and farms nearby, will be inundated by the
new reservoir and thus eliminated.
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SUMMARY AND CONCLUSIONS

Water-quality and discharge characteristics were measured at
three sites in the Indian Run watershed: Reservoir VI-D (site
L.), Indian Run above the reservoir (site S;, ), and 1Indian Run
bélow the reservoir (site S,). Little Rush Creek was sampled
near the site of a proposed reservoir (site 5, ). Data were
collected over an 11-month period, from February through December
1979. Data from the 1Indian Run sites were used to project
potential water quality in and below the proposed reservoir on
Little Rush Creek. Watershed characteristics and land use in the
Indian Run and 1little Rush Creek basins are similar. No point
sources of pollution occur in either basin.

The discharge of Indian Run below the reservoir was not
affected by the reservoir during average and low flows. At site
S4. the discharge ranged from 480 to 1.8 £t3/s and at site $j
from 335 to 2.8 ft3/s. Formation of a reservoir on a stream
tends to decrease annual variation in water 1levels downstrean
from the reservoir.

Water temperature and dissolved-oxygen levels below the
reservoir were not significantly different than those of the
reservoir inflow. Water temperature below the reservoir
increased by a maximum of Uu4°C above that of the inflow.
Dissolved-oxygen concentrations ranged from 7.7 to 14.2 mg/L
above the reservoir and from 6.8 to 15.2 mg/L below the
reservoir. Dissolved-oxygen concentrations above and below the
reservoir were all well above the lower limit set by the Ghio EPA
for supporting a balanced aquatic community (5.0 mg/L). During
the summer, dissolved oxygen in reservoir VI-D decreased with
depth (clinograde). Concentrations approached 2zero near the
bottom of the reservoir, which is considered . typical of similar
lakes in Ohio. The proposed reservoir would probably have
similar effects on downstream water temperatures and dissolved-
oxygen concentrations because the outflow structure is designed
to be 1like that of reservoir VI-D. The proposed reservoir is
also expected to have a clinograde oxygen-distribution pattern
during the summer stratification period. Runoff fram the
agricultural lands provide a recurrent source of nitrogen and
phosphorous. The concentrations of these nutrients were
sufficient to support blue-green algal blooms of more than
200,000 cells/ml. The nutrient-enriched conditions at site Sy
indicate that algal blooms could exist in the proposed reservoir.

Both Indian Run and Little Rush Creek are characterized by
moderately hard to very hard, calcium bicarbonate water.
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Several trace elements were measured, on one Or more
occasions, and found to be in excess of Ohio EPA (1978) vwater-
quality standards. These elements were lead (all sites), cadmium
(52)' copper (S,), and zinc (S, L3). ©No sources of these metals
are known in either watershed. It is not known whether these
elements will be a problem in the proposed reservoir.

Water samples and bottom material from all sites and fish
from reservoir VI-D were analyzed for pesticides. Concentrations
of dieldrin in the sampled waters exceeded Chio EPA (1978) water-
quality standards at sites Sy, Sy, S4, and L3 (surface sample).
A bottom material sample taken from reservoir VI-D contained 26
pg/kg chlordane, which exceeds the U.S. Geological Survey alert
system limit of 20 mg/kg. The fish samples contained 190 png/kg
chlordane. The recommended 1limit is 100 pg/kg. The source of
these pesticides is most likely runoff from agricultural 1land.
Reservoir VI-D was formed by flooding land previously used for
agriculture. Dieldrin and chlordane may also be found in the
proposed reservoir.

Benthic communities were sampled at all sites. Diversity
indices and numbers of organisms were generally high and indicate
clean water systems with perhaps some slight to moderate
degradation at sites S, , S,, and Lj. Diversity indices and
numbers and types of organisms at site 5, , indicate that the
proposed reservoir should support a healthy benthic community.

Ratios of fecal coliform to fecal streptococcus at sites Sy
S, L3, and S4 were 0.98, 0.98, 1.14, and 0.78, respectively.
These values indicate  wastes of predominately animal origin.
None of the bacteria counts from reservoir VI-D exceeded Chio EPA
(1978) water-quality standards of 5,000 colonies per 100 ml of
sample for secondary contact recreation waters. Bacterial
contamination is not expected to be a problem in the proposed
reservoir.

27



REFERENCES

Baxter, R. M., 1977, Environmental effects of dams and
impoundments: Annual Review of Ecological Systems 1977, v.
8, p. 255-283.

Fruh, EB. G., 1967, The overall picture of eutrophication: Water
Pollution Control Federation Journal, v. 39, p. 1449-1463.

Goldthwart, R. B., White, G6. W., and Forsyth, J. L., 1961,
Glacial map of Ohio: U.S. Geological Survey Miscellaneous
Geologic Investigations Map I-316, scale 1:500,000.

Guy, H. P., and VNorman, V. W., 1970, Field methods for
measurement of fluvial sediment: U.S. Geological Survey
Techniques of Water-Resources Investigations, Book 3, Chapter
c2, 59 p.

Hutchihson, G. E., 1957, A treatise on limnology. I. geography,
physics, and chemistry: New York, John Wiley, 1015 p.

Hynes, H. B. N., 1970, The ecology of running waters: Toronto,
University of Toronto Press, 555 p.

Martin, D. B., and Arneson, R. D., 1978, Comparative limnology of
a deep-discharge reservoir and a surface-discharge lake on
the Madison River, Montana: Freshwater Biology, v. 8, p. 33-
42.

Miller, C. R., 1951, Analysis of flow duration sediment rating
curve method of computing sediment yield: Denver, U.S.
Bureau of Reclamation, 15 p. :

Millipore Corporation, 1973, Biological analyses of wastewater:
Bedford, Massachusetts, Application Manual AM302 84 p.

National Academy of Sciences and National Academy of Engineers,
1973 (1974), Water Quality Criteria, 1972: Washington,
Government Printing Office, 594 p.

Ohio Environmental Protection Agency, 1978, Water-quality
standards: Chapter 3745-1 of the Administrative code.

Rast, W., a<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>