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CONVERSION FACTORS AND ABBREVIATIONS OF UNITS

The inch-pound units used in this report can be converted to egquivalent
International System of Units (SI) as follows: |

Multipnly inch-pound units

inch (in)

foot (ft)

mile (mi)

square wile (mi?)

cubic foot per second (££3/s)
million gallons per day (Mgal/d)
ton per day (ton/d)

By To obtain SI units
25.4 millimeter (mm)

0.3048 meter (m)

1.609 kilometer (km)

2.590 square kilometer (km?)

0.0283 cubic meter per second (m3/s)

3785.0 cubic meter per day (m3/d)

0.9072 megagram per day (Mg/d)

National Geodetic Vertical Datum of 1929
derived from a general adjustment of the first-order level nets of both the
United States and Canada, formerly called mean sea level. NGVD of 1929 is
referred to as sea level in this report.

VI

(NGVD of 1929).--A geodetic datum




IMPACT OF DISCHARGES FROM POINT AND NONPOINT SOURCES ON WATER QUALITY
OF THE UPPER REEDY RIVER NEAR GREENVILLE, SOUTH CAROLINA

By Donald I. Cahal and Gary K. Speiran

ABSTRACT

A study of the impacts of discharges from point and nonpoint sources in
the Greenville, South Carolina urban area on water quality of the Reedy River
was conducted from October 1979 through September 1980. Streamflow and water-
quality data were collected at 17 stations before and during 2 storms,
October 4-6, 1979 and September 28-30, 1980.

Discharges from the point source, the Mauldin Road Wastewater Treatment
Plant, resulted in daily average concentrations of dissolved oxygen 1less than
5 milligrams per liter in the Reedy River on 34 days during low streamflow in
the summer of 1980. With the combined effects of discharges from nonpoint
sources from the urban area of Greenville and the discharge from the point
source, concentrations of dissolved oxygen remained greater than 5 milligrams
per 1liter in the Reedy River during periods of high streamflow, even though
discharges from the urban nonpoint sources increased during the two rain
storms monitored. Although instantaneous loads of oxygen-demanding material
from the urban nonpoint sources increased from 0.5 tons per day to 9.9 tons
per day during high streamflow, increased dilution reduced the impacts of
these loads on the water quality of the Reedy River.

Although average instantaneous loads of coanstituents in the discharge
from the point source varied between the two storms, they remained relatively
constant in comparison to discharges from the nonpoint source. Average
instantaneous loads from the point source during the October 1979 storm were
11.6 tons per day of organic nitrogen, 8.6 tons per day of ammonium nitrogen,
8.4 tons per day of nitrite plus nitrate nitrogen, 22 tons per day of ultimate
carbonaceous biochemical oxygen demand, and 17 tons per day of orthophosphate
phosphorus.

Near peak flood flows, discharge from nonpoint sources in the urban
Greenville area contributed instantaneous 1loads as great as 9.9 tons per day
of ultimate carbonaceous biochemical oxygen demand, 0.62 tons per day of
organic mnitrogen, and 0.51 tons per day of aitrite plus nitrate nitrogen.
Instantaneous loads of orthophosphate and ammonium in these discharges
remained low during periods of high streamflow.



INTRODUCTION

The original approach to improving stream water gquality has been to
identify discharges from point sources and require that these discharges meet
specified quality standards. This approach has been modified by passage of
the Federal Water Pollution Control Amendment of 1972 (Public Law 92-500)
which requires the implementation of Wastewater Treatment Plans for the con-
trol of constituent loads in discharges from both point and nonpoint sources
on an area-wide basis.

Studies have indicated that storm runoff from nonpoint sources may
contain organic wastes, nitrogen, phosphorus, and heavy metals in sufficient
concentrations to be a significant contributo to the degradation of water
quality in receiving streams (Bryan, 1970). ryan (1970) indicated that the
load of BOD (biochemical oxygen demand) from urban runoff in a North Carolina
basin was equal to the load of BOD from the wastewater treatment plants in the
basin. Whipple (1970) in a study of three New Jersey river basins indicated
that less than 39 percent of the total organic load as measured by BOD was
from known point sources.

The South Carolina Department of Health and Environmental Control (1974)
established dissolved oxygen standards that will not permit a daily average
concentration of less than 5 mg/L (milligrams per liter) or an instantaneous
concentration of dissolved oxygen less than mg/L, when the streamflow is
equal to or greater than 7Qqg (the discharge that, with a frequency of once in
10 years, is not exceeded during a 7-day period). An earlier assessment of
water guality in the Reedy River basin indicated that concentrations of dis-
solved oxygen less than 5 mg/L could occur in | the river as a result of dis-
charge from nonpoint sources, primarily in the| urban area during the storms
(J. E. Sirrine Company, 1978).

The South Carolina Appalachian Council of Governments 1is considering
means of reducing nonpoint loads from the urban area of Greenville that could
contribute to the low concentrations of dissolved oxygen in the river. Before
such costly means of reducing nonpoint loads to the river are implemented, the
Council of Governments, the U.S. Environmental Protection Agency, and the U.S.
Geological Survey conducted a study of concentrations of dissolved oxygen and
the loads of parameters that affect concentrations of dissolved oxygen in the
Reedy River.

Objective and chde

The objective of the study was to determine if discharges from nonpoint
sources in the urban Greenville area result |in concentrations of dissolved
oxgen less than 5 mg/L in the Reedy River ownstream from Greenville. To
determine this, the effects of discharges from nonpoint sources and the MRWTP
(Mauldin Road Wastewater Treatment Plant) point source on water quality of the
Reedy River were studied. Streamflow and water—-quality data were collected at
17 stations on the Reedy River during two storms, October 4-6, 1979 and
September 28-30, 1980. The pH and concentrat?ons of total organic nitrogen,



total ammonium, total nitrite plus nitrate, ultimate carbonaceous biochemical
oxygen demand, dissolved oxygen, and dissolved orthophosphate were determined.
Streamflow, water temperature, and concentrations of dissolved oxygen were
measured continuously at three of the stations from May through September
1980.

Description of Study Area

The Reedy River rises about 8 miles north of the city of Greenville. The
study area, 168 square miles, is within the Piedmont Province of South
Carolina. The length of the river in the study area is about 40 river miles.
The topography is characterized by rolling hills sloping gently from the upper
Piedmont to the lower Piedmont. The elevation of the stream bed ranges from
1,000 feet above sea level in the headwaters to 568 feet above sea level at
the downstream end of the study area. There are numerous shoals, one water-
fall (in the city of Greenville), and two run-of-the-river dams on the river
in the study area. One of the dams forms Lake Conestee on the Reedy River
between the discharge from the MRWIP and station 02164040. The other dam
forms a small lake on the Reedy River in the lower end of the study area
between station 02164120 and station 02164180.

The locations of the sampling, streamflow, and rain gage stations; minor
point sources; and the dams are shown in figure 1. Sampling and streamflow
stations were located on the Reedy River and major tributaries. Station num-
bers, descriptions, and distances downstream from State Highway 250 are listed
in table 1 for the sampling and streamflow stations. Latitudes and longitudes
of the rain gage stations are listed in table 2.

Land use in the Reedy River basin is about 4 percent urban residential,
7 percent suburban residential, 47 percent agricultural, 25 percent forest,
3 percent suburban residential and commercial, 13 percent commercial and
industrial, and 1 percent suburban residential and industrial (J. E. Sirrine
Company, 1978). The area upstream of station 02163900 is predominately for-
ested. The area between station 02163900 and station 02164000 is predomin-
ately wurban. The area downstream from station 02164000 is predominately
forested and agricultural.

METHODS OF DATA COLLECTION AND ANALYSIS

Sstreamflow and water quality were monitored during 2 storms at 17 sta-
tions. These stations include the MRWTP, the Lower Reedy River Wastewater
Treatment Plant, nine stations on the Reedy River, and six stations on tribu-
taries of the Reedy River. Data from the Lower Reedy River Wastewater Treat-
ment Plant and the tributary stations are not included in this report, _as
analysis showed that flow from these sources had minimal impact on the main
stem of the Reedy River. The data are available from the South Carolina
District office of the U.S. Geological Survey in Columbia, S.C. Data were
collected during 1low streamflow, during increasing streamflow, near peak
streamflow, and during decreasing streamflow. The storms occurred during
October 4-6, 1979 and September 28-30, 1980.
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Table 1.--Station numbers, descriptions, and distances downstream from

State Highway 250

Miles downstream

Station Description from
number State Highway 250,
in miles
02163900 Reedy River at road S23-133 1.01
02163970 Richland Creek at Cleveland Park -
02164020 Brushy Creek at Jacobs Road -
02164000 Reedy River at road S23-186 11.68
02164002** Mauldin Road Wastewater Treatment Plant 11.78
02164040 Reedy River at road S23-107 14.45
02164050 Laurel Creek at road S23-107 -
02164070 Reedy River at road S23-316 18.49
02164095 Rocky Creek at road S23-453 -
02164099** Lower Reedy Wastewater Treatment Plant -
02164100 Reedy River at road S23-542 23.71
02164110 Reedy River above State Highway 418 26.84
02164120 Reedy River at road S23-154 30.01
02164165 Little Creek at road S23-565 -
02164170 Huff Creek at road S23-154 -
02164180 Reedy River at road S23-377 35.44
02164200 Reedy River at road S23-68 39.99
* Continuous stage, temperature, and dissolved oxygen stations.
** Wastewater treatment plant.
Table 2.--Latitude and longitude of rain gage stations

Rain gage stations Latitude Longitude

Travelers Rest 34°58" 82027'

Greenville-Spartanburg Airport 34°54" 82913

Belton 34°36" 82926"




Data collection during the storm of Octobexr 4-6, 1979 began at 1400 hours
on October 4 and ended at 0235 hours on October 6. Data collection during the
storm of September 28-30, 1980 began at 1000 hours on September 28 and ended
at 1300 hours on September 30.

In addition to the data collected during the storms, stage, temperature,
and concentrations of dissolved oxygen were continuously measured at three
stations during the period May to October 1980.

Water samples were collected using methods described by the U.S.
Geological Survey (1977). Streamflow was determined from a stage-streamflow
relation developed for each station. Water temperature, pH, and concentra-
tions of dissolved oxygen were measured in the field.

Concentrations of total organic nitrogen is nitrogen, total ammonium as
nitrogen, total nitrite plus nitrate as nitrogen, and total and dissolved
orthophosphate as phosphorus were determined in the laboratory using methods
described by Skougstad and others (1978). ‘

Concentrations of CBOD,; (ultimate carbonaceous biochemical oxygen demand)
were determined using a laboratory procedure described by Stamer and others

(1979) and a computational procedure described by Jennings and Bauer (1976).

The instantaneous load for each constituent was determined by the
equation:

Qc = 0.002698 C Q

where:
Q. = Instantaneous load of constituent, in tons!per day;

C = Concentration of éonstituent, in milligrams per liter; and
Q = Instantaneous discharge, in cubic feet per second.

The effects of discharges from point and nonpoint sources were determined
by (1) comparing instantaneous loads and concentrations from the point source
with instantaneous loads and concentrations from urban nonpoint sources during
the two storms and (2) comparing the water quality of the river when the point
source had a large effect with the water quality of the river when the point
source had little effect.

DISCHARGES FROM POINT AND NONPOINT SOURCES

The streamflow of the Reedy River consists of discharges from point and
nonpoint sources.




The major point source in the study area is the MRWTP (Mauldin Road
Wastewater Treatment Plant) which discharges about 25 Mgal/d or 39 ft3/s of
secondary effluent into the Reedy River just downstream from the urban area of
Greenville. Smaller point sources of discharge include the Abney Mills Renfew
bleachery, Travelers Rest Wastewater Treatment Plant, Mauldin B plant,
Simpsonville plant, and Lower Reedy River Wastewater Treatment Plant, which
have a combined discharge of about 3 Mgal/d or 5 ££3/s. Abney Mills Renfrew
bleachery and Travelers Rest Wastewater Treatment Plant discharge into the
Reedy River near Travelers Rest, upstream of Greenville. The Mauldin B plant
discharges into Laurel Creek. The Simpsonville plant discharges into Rocky
Creek. Laurel Creek, Rocky Creek, and the Lower Reedy River Wastewater Treat-
ment Plant discharge into the Reedy River downstream from the urban area of
Greenville. In this report the MRWTP will be referred to as the point
source.

Nonpoint sources are all sources of discharge other than the point
source. Discharge from nonpoint sources includes runoff from urban, rural,
and forested areas and discharge from the smaller point sources.

Discharge from nonpoint sources increases as a result of runoff resulting
from rainfall and decreases during dry periods. Because discharge from the
point source remains relatively constant, increased discharge from nonpoint
sources results in greater dilution of the discharge from the point source.
Discharge from nonpoint sources increases in a downstream direction; there-
fore, dilution of the discharge from the point source increases downstream.

Discharge from the point source (station 02164002) is equal to or greater
than discharge from urban nonpoint sources (station 02164000) about 25 percent
of the time. The 30-year average streamflow in the Reedy River near
Greenville is 83.0 ft3/s and the 7Q19 is 16 £t3/s (Bloxham, 1979).

Discharge from the point source to the Reedy River was about 32 ft3/s
during the October 4-6, 1979 storm and ranged from 38-49 ft3/s during the
September 28-30, 1980 storm (fig. 2).

During the October 4-6, 1979 storm, discharge from urban nonpoint sources
to the Reedy River just upstream from the point source (station 02164000)
ranged from 63 ft3/s during low flow prior to the storm to 267 ft3/s near peak
flow for the storm (fig. 2). The combined discharges from point and nonpoint
sources near the downstream end of the study reach (station 02164180) ranged
from 202 ft3/s during low flow to 496 ft3/s near peak flow. buring the
September 28-30, 1980 storm, discharge at station 02164000 ranged from
38 ft3/s during low flow prior to the storm to 501 ft3/s near peak flow. Dis-
charge at station 02164180 ranged from 147 ££3/s during low flow to
1,189 ft3/s near peak flow. Streamflow was greater during the second storm
because rainfall was greater.

Rainfall at the Travelers Rest station was 0.9 inch during the
October 4-6, 1979 storm and 3.1 inches on September 28 and 29, 1980 (table 3).
Rainfall during the two storms was about evenly distributed over the basin.
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Table 3.--Observed rainfall during the two storms, in inches

Greenville-
Date Travelers Rest Spartanburg Belton
Airport
1979:
October 4 0.9 0.64 1.0
October 5 - - -
October 6 - - -
Total 0.9 0.64 1.0
1980:
September 28 2.1 1.95 1.7
September 29 1.0 1.03 1 s3
Total 3.1 2.98 3.0

EFFECTS OF DISCHARGES FROM POINT AND
NONPOINT SOURCES ON WATER QUALITY

The water-quality parameters discussed in this report are organic nitro-
gen, ammonium, nitrite, nitrate, CBOD,;, dissolved oxygen, orthophosphate, and
pH. Emphasis is placed on the concentration of dissolved oxygen. The param-
eters that affect concentrations of dissolved oxygen are organic nitrogen,
ammonium, nitrite, and CBODy.

Sources of organic nitrogen include wastewater effluents and organic deb-
ris from urban areas, farms, and forests. Organic nitrogen is decomposed into
ammonium, a form of inorganic nitrogen, by bacteria. Ammonium is oxidized to
nitrite, and nitrite is oxidized to nitrate by bacteria in a process called
nitrification. The nitrification process requires 4.3 mg of oxygen for each
milligram of nitrate produced (Wezernak and Gannon, 1967). Nitrification cre-
ates an oxygen demand that can significantly reduce concentrations of dis-
solved oxygen in the river. In addition to decomposition of organic nitrogen
and the nitrification process, sources of ammonium and nitrite plus nitrate in
the river include wastewater effluents; fertilizers; and discharges from urban
areas, farms, and forests.

Nitrification of ammonium to nitrate in the river results in downstream
changes in instantaneous loads of ammonium and nitrite plus nitrate. However,
if only nitrification affects loads of these constituents, the downstream
loads of inorganic nitrogen, composed of ammonium, nitrite, and nitrate nitro-
gen, remain unchanged.



Downstream increases in loads of inorganic nitrogen result from increased
loads of ammonium and/or nitrite plus nitrate from nonpoint sources. Down-
stream decreases in inorganic nitrogen result from loss of ammonium and/or
nitrite plus nitrate from the system.

CBOD,; is a measure of the total amount of dissolved oxygen required for
the aerobic breakdown of decomposable organic matter by microorganisms.

Dissolved oxygen is required by all aerobic, agquatic organisms for respir-
ation. Each type of organism requires its own . minimum concentration of dis-
solved oxygen to function properly. Whenever the concentration of dissolved
oxygen decreases significantly below this level for an organism, the organism
dies. Dissolved oxygen standards are based on| the oxygen requirements for

certain organisms.
|

\
The concentration of dissolved oxygen in a stream is controlled by numer-

ous physical, chemical, and biological processes. Sources of oxygen in a
stream include discharges from point sources and| nonpoint sources, production
of oxygen during photosynthesis by aquatic planks, and the atmosphere. Con-
centrations of dissolved oxygen in a stream are decreased by chemical oxida-
tion of reduced compounds, by respiration of aerobic aquatic organisms, and by
release to the atmosphere.

Sources of orthophosphate include the point source and nonpoint sources
such as organic debris, fertilizers, and automobple exhausts.

The pH of water has significant effects'on reactions involving both
hydrogen ions and hydroxide ions. Many of these reactions are part of the
metabolic processes of all organisms. Thus, charges in pH can have a signifi-
cant impact on agquatic organisms.

|
The pH of water is defined as the negative logarithm of the hydrogen ion
activity. In dilute solutions, activity is approximately equal to concentra-
tion. For a hydrogen ion activity of 3.16X107° mg/L,
pH = -log [3.16X107°]

-log [1X1074+3)

4.5.

Because pH is a logarithmic function, small chﬁnges in pH represent signifi-
cant changes in the hydrogen ion activity. A change of 1 pH unit represents a
change of an order of magnitude in the hydrogen |[ion activity.

The following is a discussion by parameter] of the results of the study.
Instantaneous loads are used to compare contributions of each parameter from
urban nonpoint sources, the point source, and rural nonpoint sources. Concen-
trations are used to determine the water qualiity that resulted from these
loads.

10




Figure 3 presents a comparison of data from urban nonpoint sources with
data from the point source. The data compared include discharge and parameter
loads during both storms. This figure 1is the key to the discussion of the
relative effects of urban nonpoint sources and the point source on water qual-
ity of the Reedy River. Profiles of instantaneous loads of parameters in the
river assist in the comparison of loads to the river from urban nonpoint
sources, the point source, and rural nonpoint sources. However, changes in
loads of parameters within the stream also affect the profiles.

The sequence for this discussion for each parameter is a comparison of:
1. Instantaneous loads from urban nonpoint sources and the point source.
2. Profiles of instantaneous loads in the river.

3. Profiles of concentrations in the river.

Organic Nitrogen

The instantaneous load of organic nitrogen from the point source was gen-
erally greater than that from urban nonpoint sources both prior to and during
both storms (fig. 3).

During low flow of both storms and near peak flow for the October 1979
storm, the load from the point source was not apparent at the next station
downstream from the point source (02164040) (fig. 4). Farther downstream the
instantaneous loads of organic nitrogen gradually increased during low flows,
but were still less than the combined instantaneous loads from the point
source and from urban nonpoint sources. Only near peak flow of the- greater
storm (September 1980) was the instantaneous load in the Reedy River at the
station immediately downstream from the point source equal to the combined
loads from the point source and from urban nonpoint sources.

Organic nitrogen was apparently removed from the stream at low flow and
at the lesser of the two storm peak flows, in the reach between the point
source and station 02164040. There may have been some decomposition of
organic nitrogen to ammonium, but this was not a major factor, as the load of
ammonium did not increase significantly in this reach. It is more likely that
suspended organic nitrogen settled out of the stream in Lake Conestee and
other slow-moving water. Such settling is more 1likely to occur during low
flow and 1lesser peak flows than during greater peak flows. The gradual
increase in loads of organic nitrogen downstream from station 02164040 was
probably caused by inflow of organic nitrogen from rural nonpoint sources and
by production of organic nitrogen by algae.

The concentration of total organic nitrogen decreased from the most
upstream station (02163900) to the station just upstream of the point source
(02164000), then generally increased, both during low flow and near peak flow
(fig. 5). Sharp increases in concentration that occurred downstream from sta-
tion 02164040 near peak flow of the October 1979 storm resulted from discharge
from rural nonpoint sources.
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TOTAL ORGANIC NITROGEN AS NITROGEN,
IN TONS PER DAY
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Ammonium Nitrogen

The instantaneous load of ammonium nitrogen in the discharge from urban
nonpoint sources (station 02164000) changed little throughout both storms
(fig. 3). The instantaneous load from the point source (station 02164002)
showed only slight changes and was substantially greater than that from urban
nonpoint sources. The effects of the point source and subsequent nitrifica-
tion of ammonia are also evident in stream profiles of instantaneous loads of
ammonium nitrogen (fig. 6). During low flow the load at the station immedi-
ately downstream from the point source was less than that contributed by the
point source. Loads decreased downstream from that station. This was prob-
ably the result of nitrification in the river.

Near peak flow in October 1979, the load of ammonium at the station im-
mediately downstream from the point source was greater than that of the point
source and nonpoint sources combined. This may have resulted from the scour
of ammonium from Lake Conestee as a result of the greater velocities. This
ammonium could have resulted from the decomposition of organic nitrogen
deposited in Lake Conestee during low flow. Loads of ammonium decreased down-
stream from station 02164040, but this decrease occurred farther downstream
than during low flow. Instantaneous loads of total ammonium showed little
change throughout the study reach during the September 1980 storm.

Sufficient data are not available to fully evaluate the effects of dis-
charge, mean velocity, and time of travel on loads of ammonium. Velocities
increased about fourfold at station 02164120 between 1low flow and near peak
flow during the September 1980 storm. However, the changes in time of travel
are unknown. Increased velocities and shorter time of travel would result in
loads of ammonium remaining nearly unchanged farther downstream during high
flow than during low flow before loads decreased because of nitrification.
This would have been more of a factor during the September 1980 storm because
peak streamflow during the September 1980 storm was greater than during the
October 1979 storm. Increased discharge from rural nonpoint sources could
also have contributed to the greater loads downstream.

Concentrations of ammonium at station 02164040 were less during near peak
flow than during low flow because of the greater dilution of ammonium from the
point source by discharges from urban nonpoint sources (fig. 7). Concentra-
tions of ammonium showed much less change farther downstream during both
storms than during low flow, possibly as a result of the impact of time of
travel discussed previously.

Nitrite Plus Nitrate Nitrogen

The instantaneous load of nitrite plus nitrate nitrogen from the point
source was greater than that from urban nonpoint sources during the October
1979 storm (fig. 3). During low flow prior to the September 1980 storm, the
instantaneous load from the point source also was greater than that from non-
point sources. However, near peak flow, the nonpoint load of nitrite plus
nitrate increased to a level similar to that from the point source.
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TOTAL AMMONIUM AS NITROGEN,
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Profiles of instantaneous loads of nitrite plus nitrate during 1low flow
indicate a greater load from the point source than from urban nonpoint sources
(fig. 8). Loads of total inorganic nitrogen (ammonium, nityxite, and nitrate
nitrogen) changed little downstream from the | point source (fig. 9). Down-
stream decreases in loads of ammonium, dowistream increases in loads of
nitrite plus nitrate, and little change in loads of inorganic nitrogen reflect
nitrification of ammonium.

Neaxr peak flow, the instantaneous load of nitrite plus nitrate nitrogen
from urban nonpoint sources was about equal to that from the point source.
Near peak flow for both storms, the load of nitrite plus nitrate at the sta-
tion immediately downstream from the point source was greater than the com-
bined loads from urban nonpoint sources and the point source. This may have
resulted from contributions of scour from Lake Conestee because of the greater
velocities near peak flow. The nitrite and nitrate in Lake Conestee could
have been derived from the decomposition and subsequent nitrification of
organic nitrogen deposited in the lake during low flow. Increases in loads of
inorganic nitrogen downstream from the point source (fig. 9) indicate that the
continued increase in loads of nitrite and nitrate downstream from the point
source was greater than can be accounted for by the nitrification of ammonium
from the point source (fig. 8). Therefore, rural nonpoint sources probably
contributed nitrite and nitrate nitrogen and/or ammonium nitrogen which was
then nitrified.

Concentrations of nitrite plus nitrate itrogen reflect the effects of
the point source during low flow and the greater dilution of the discharge
from the point source near peak flow (fig. 10Q). The contribution of rural
nonpoint sources resulted in downstream increases in concentration, even with
dilution, especially during the 1979 storm. |

Ultimate Carbonaceous Biochemicil Oxygen Demand
g i

The instantaneous load of CBOD,; from thef point source was greater than
the load from urban nonpoint sources during |low flow (fig. 3). Near peak
flow, the instantaneous loads of CBOD,;, from the point source and urban non-
point sources were similar. However, the péak instantaneous load of CBOD,
from urban nonpoint sources (more than twice that from the point source)
occurred before peak discharge and resulted from an initial flush of carbon-
aceous materials from the urban area (fig. 3).

At near peak flow, the instantaneous load of CBODy from wurban nonpoint
sources was less than the maximum load measured, but was still greater than
the load from the point source (fig. 11). During low flow in September 1980
and near peak flow for both storms, the load ¢f CBOD, at the station immedi-
ately downstream from the point source was less than combined loads from the
point source and urban nonpoint sources. This may have resulted from deposi-
tion of carbonaceous materials in Lake Conestee. Such a change did not occur
during low flow in October 1979. Near peak flow for the October 1979 storm,
loads of CBOD, decreased downstream from th point source, possibly as a
result of decomposition of carbonaceous materials. During the September 1980
storm, instantaneous loads of CBOD,; Were similar throughout the lower part of
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TOTAL NITRITE PLUS NITRATE AS NITROGEN,
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TOTAL NITRITE PLUS NITRATE AS NITROGEN,

IN MILLIGRAMS PER LITER

(@] o o Qo o Q o Q o
o o <t g o - [a)] [0 0} o
(o) (@] (@] (@] i 4 i 4 N
™ T < <t < < <t <t
© OEH © © © © © © ©
- = v ~ ~4 i) i - ™~
N axm N N N (9] N oy oy

4 o o= O o o o o o o
‘OCT_ 4-6, 1979 L R} Lol v ] ¥ L 1 )
—— LOW FLOW

3 4 ... NEAR PEAK FLOW

24

1 4 —d

[} + } + = + + —t $

4 11 | L3 [ 3 T e T L{ 1] L
SEPT. 28-30, 1980
—— LOW FLOW

3 - . NEAR PEAK FLOW

a e

l T e d e e gt

Q $ + 4 — + } } +

(4} 5 12 15 =] 25 34 35 49 45
DISTANCE DOWNSTREAM FROM STATE ROAD 250, IN MILES
Figure 10.--Concentrations of total nitrite as nitrogen plus

nitrate as nitrogen during low flow and near peak flow,
October 4-6, 1979 and September 28-30, 1980.

21



Q o o o o o Q o Q
o o < t~ o ~ N 0 o
o) o o o _ i - H - N
m TR P < < S < < <
© O © © © © © © ©
i = - - ! - 4 - .l
- N am N N N a N N N
a o o= O o =] o o o o
3 ®rT T —
= OCT. 4-6, 1979 L
A — LOW FLOW |
3@ + ... NEAR PEAK FLOW
5 + AVERAGE FROM POINT SOURCE
&) .
< 20
o T
|
S: 1 RN |
:Q 00 .""..o' ‘... . .
- Lot e L Tt e [
e ot Teyr s
S5 g S ——
or
EQ 10 ! LA MR v LYl L B 14 ™ T
o SEPT. 28-30, 1980
ae —— LOW FLOW .
85 33 + ... NEAR PEAK FLOW
c:é + AVERAGE FROM POINT SOURCE .
= veene
O L 4 gev’ cenenn.
S 28 | v,
o . .
< : o
Y e
2 U1 e
= + —
= 3 p——} ' ' ' + ;
=
g ] S 19 15 =" 25 0 35 4a 45

DISTANCE DOWNSTREAM FROM STATE ROAD 250, IN MILES

Figgre 11.--Instantaneous load of ultimate carbonaceous
biochemical oxygen demand during|low flow and near peak
flow, October 4-6, 1979 and September 28-30, 1980.

22



the study area except for the sharp increase at station 02164110. Although
the 1load profiles are somewhat different near peak flow for both storms, a
significant portion of the CBOD,; near peak flow resulted from nonpoint
sources.

Concentration profiles show considerable variability (fig. 12). The
October 1979 concentrations appear to reflect decomposition of carbonaceous
material downstream from the point source. However, during September 1980
concentrations increased downstream.

Dissolved Oxygen

The instantaneous load of dissolved oxygen is of questionable signifi-
cance because of the more varied sources and sinks for dissolved oxygen com-
pared with other constituents. However, the concentration of dissolved oxygen
is of critical importance to biological processes in the river, This impor-
tance is reflected in stream water-quality standards established for dissolved
oxygen.

When discharge from nonpoint sources is high, oxygen—-demanding materials
from the urban Greenville area enter the Reedy River just upstream of the
point source. The minimum concentration of dissolved oxygen resulting from
these materials is 1likely to occur downstream from the point source. The
oxygen sag resulting from nonpoint sources 1is therefore superimposed on the
sag resulting from the point source, and concentrations of dissolved oxygen
observed 1in the stream are a composite of all factors affecting the oxygen.
Attributing changes in concentrations of dissolved oxygen to point and
nonpoint sources can best be done by evaluating 1loads of oxygen-demanding
materials from point and nonpoint sources and concentrations of oxygen during
low-flow periods.

During low flow prior to both storms, concentrations of dissolved oxygen
decreased as a result of discharge from the point source (fig. 13). The lower
concentrations of dissolved oxygen that occurred downstream from the point
source were probably the result of decomposition of carbonaceous organic
material and nitrification.

Near peak flow for the October 1979 storm, concentrations of dissolved
oxygen also decreased downstream from the point source. However, the minimum
concentration of dissolved oxygen occurred farther downstream near peak flow
than during low flow, probably as a result of the increased velocities that
accompany the higher discharges. Concentrations of ammonium and CBODy
remained high farther downstream during this storm (figs. 7 and 12).

From the profiles of concentrations and instantaneous loads of CBODy,
(figs. 11 and 12) it appears that a significant portion of the decrease in
concentrations of dissolved oxygen resulted from nonpoint contributions of
carbonaceous oxygen-demanding materials from the urban area.

Near peak flow for the September 1980 storm, concentrations of dissolved
oxygen remained high throughout the study area. Concentrations of dissolved

23



ULTIMATE CARBONACEOUS BIOCHEMICAL OXYGEN DEMAND,

IN MILLIGRAMS PER LITER
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DISSOLVED OXYGEN,
IN MILLIGRAMS PER LITER
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oxygen were considerably higher near peak flow than during low flow throughout
the study reach.

Although the characteristics of the profiles of concentrations of dis-
solved oxygen differed between the two storms, the concentrations of dissolved
oxygen remained above 5 mg/L, even with the combined effects of the point and
nonpoint sources.

Streamflow and concentrations of dissolv‘d oxygen at three stations for
the period May to October 1980 are presented inh figures 14, 15, and 16. Con-—
centrations of dissolved oxygen have a similar trend at the station upstream
of the point source (02164000), the station in| the vicinity of the lowest con-
centrations of dissolved oxygen (02164110), anb the station at the downstream
end of the study reach (02164200).

In general, concentrations of dissolved oxyyen were greater during peri-
ods of high flow than during low flow. This may have occurred for several
reasons. There may have been an increased dilution of the discharge from the
point source by the greater discharge from nonpoint sources. During high
flow, temperatures were often lower and saturation concentrations of dissolved
oxygen higher.

The nature of the nonpoint source may albo have affected concentrations
of dissolved oxygen. During increased streamflow, surface runoff from rain-
fall contributes increased portions of the discharge from nonpoint sources.
Concentrations of dissolved oxygen in rainfalll are near saturation. During
low flow, ground-water discharge contributes an increased portion of the dis-
charge from nonpoint sources. Because concentrations of dissolved oxygen in
ground water are dgenerally less than saturatipn, concentrations of dissolved
oxygen in headwater streams may be low during low flow. Although discharges
from ground water occur all along a stream, ration of water undersaturated
with dissolved oxyyen  results in downstream increases in concentrations of
dissolved oxygen.

During low flow prior to both storms, concentrations of dissolved oxygen
increased between station 02163900, upstream of Greenville, and station
02164000 at Greenville. These increases may have resulted from aeration of
water contributed by ground-water sources having undersaturated concentrations
of dissolved oxygen.

The only daily average concentrations of dissolved oxygen 1less than
5 mg/L were observed at station 02164110 located at the point in the river
where the minimum concentration of dissolved oxygen occurs. These concentra-
tions occurred during periods of 1low flow when the point source contributed
30 percent or more of the streamflow of the Reedy River. Daily average con-
centrations less than 5 mg/L were observed during 34 days in the summer of
1980.
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Orthophosphate

The instantaneous load of dissolved orthophosphate from the point source
was much greater than that from urban nonpoint sources throughout both storms
(fig. 3). The effect of the point source on instantaneous loads of ortho-
phosphate in the river is shown in the 1load profiles for both periods
(fig. 17). During low flow, a substantial increase in load resulted from the
point source. Loads decreased downstream from the point source, indicating a
loss of dissolved orthophosphate from the system.

Near peak flow for both storms, the 1load of orthophosphate from urban
nonpoint sources was small, but the point source caused an increased load at
the station immediately downstream from the point source. Downstream from
that station, rural nonpoint sources caused a ﬁradual increase in loads. This
increase in loads of orthophosphate near peak flow compared to loads during
low flow was greater for the October 1979 storm than the September 1980 storm.

Throughout the study area concentrations of orthophosphate near peak flow
were less than concentrations during low flow for the September 1980 storm
(fig. 18). This resulted from increased dilution of the orthophosphate from
the point source by discharge from urban nonpoint sources. During the October
1979 storm, effects of dilution of the orthophosphate from the point source
were evident in the upstream part of the river affected by the point source,
but were offset by increases in discharge from rural nonpoint sources in the
downstream portion of the river.

pH

The pH of the Reedy River was near 740 during both storms (fig. 19).
Near peak flow, pH was less than the pH duriné low flow at all stations during
the September 1980 storm. During the October 1979 storm, pH near peak flow
was less than or equal to the pH during low flow.

SUMMARY AND CONCLUSIONS

Concentrations of dissolved oxygen in the Reedy River remained above
5 mg/L during the storms. Even though combined loads of oxygen-demanding
materials from point and nonpoint sources in¢reased during the storms, dilu-
tion of these loads caused concentrations of dissolved oxygen to remain above
5 mg/L.

In the summer of 1980, daily average concentrations of dissolved oxygen
in the Reedy River were less than 5 mg/L during 34 days. These low concentra-
tions of dissolved oxygen occurred during periods of low flow and resulted
from loads of oxygen-demanding materials, especially ammonium, in the dis-
charge from the point source, the Mauldin Road Wastewater Treatment Plant.

Discharge from the point source is equal to or greater than streamflow of
the Reedy River near Greenville (station 02164000) about 25 percent of the
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DISSOLVED ORTHOPHOSPHATE AS PHOSPHORUS,
IN TONS PER DAY
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Figure 17.--Instantaneous load of dissolved orthophosghate as
phosphorus, during low flow and near peak flow in the Reedy

River,

October 1-6,

1979 and September 28-30,
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DISSOLVED ORTHOPHOSPEATE AS PHOSPHORUS,

IN MILLIGRAMS PER LITER
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Figure 18.--Concentrations of dissolved orthophosphate as

phosphorus during low flow and near peak flow,
1979 and September 28-30, 1980.
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Figure 19.--Profiles of pH during low flow and near peak flow in
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time. Low concentrations of dissolved oxygen occur frequently in the Reedy
River because loads of constituents in the discharge from the point source are
diluted less during lower streamflow than during higher streamflow. Because
streamflow increases downstream, dilution of loads from the point source
increases downstream. i

Discharge from the point source contrﬂbuted significant instantaneous
loads of organic nitrogen, ammonium, nitrite plus nitrate, CBOD,, and ortho-
phosphate. During low flow, the load of total organic nitrogen at the station
just downstream from the discharge from the point source was less than the
load from the point source.

Discharge from nonpoint sources in the urban Greenville area had a much
greater impact on water quality of the Reedy River near peak flow than during
low flow. Discharge from these sources from the urban area contributed sig-
nificant instantaneous loads of CBOD;, organic nitrogen, and nitrite plus
nitrate nitrogen near peak flow. Instantaneous loads of orthophosphate and
ammonium in these discharges remained low during high flow.

During low flow, discharge from nonpoint sources in rural areas down-
stream from the point source had little impact on water quality of the Reedy
River. Near peak flows, instantaneous loads of organic nitrogen, nitrite plus
nitrate nitrogen, CBOD,;, and orthophosphate resulted from discharges from non-
point sources in rural areas.
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