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CONVERSION TABLE

Multiply given units

cubic feet per second (ft3/s)
cubic feet per second (ft3/s)
feet per second (ft/s)

foot (ft)

gallon (gal)

inch (in.)

inch (in.)

mile (mi)

million gallons per day (Mgal/d)
pound (1b)

square foot (ft2)

square mile (mi2)

By

0.6463
0.02832
0.6818
0.3048
3.785
2.54

25.4

1.609
0.04381
0.454
0.0929
2.590

To obtain desired units

million gallons per day (Mgal/d)
cubic meters per second (m>/s)
miles per hour (mi/h)

meter (m)

liter (L)

centimeter (cm)

millimeter (mm)

kilometer (km)

cubic meters per second (m3/s)
kilogram (kg)

square meter (m?2)

square kilometer (km2)

discharge (ft3/s) x concentration (mg/L) x 5.3896 = total load of constituent (1b/d)

° Fahrenheit = 9/5(° C)+32

vi

° Celsius = 5/9(° F-32)



WATER-QUALITY ASSESSMENT OF WHITE RIVER BETWEEN LAKE SEQUOYAH AND

BEAVER RESERVOIR, WASHINGTON COUNTY, ARKANSAS

By J. E. Terry, E. E. Morris, and C. T. Bryant

ABSTRACT

A study was made of the White River between Lake Sequoyah and Beaver
Lake to determine the quality of the river under existing conditions and how
the effluent from the Fayetteville municipal wastewater—treatment plant, the
only point source discharger of waste effluent to the river, affects this
quality. A steady-state digital model was calibrated and used as a tool
for simulating changes in nutrient loading. Under relatively low-flow
conditions the White River downstream from the Fayetteville wastewater—
treatment plant is dominated by the waste discharge. Because the treat-~
ment plant discharge is unsteady, a composite of two independent, synoptic
data sets was used to calibrate the model in an effort to simulate "average”
steady-state conditions.

Data collected during synoptic surveys downstream from the wastewater-—
treatment plant indicate that temperature, dissolved oxygen, dissolved
solids, un~ionized ammonia, total phosphorus, and floating solids and
depositable materials did not meet Arkansas stream standards.

Nutrient loadings downstream from the treatment plant result in dis-
solved—-oxygen concentrations as low as 0.0 milligrams per liter. Biological
surveys found low macroinvertebrate organism diversity and numerous dead
fish.

Computed dissolved—oxygen deficits indicate that benthic demands are
the most significant oxygen sinks in the river downstream from the waste-
water—-treatment plant. Benthic oxygen demands range from 2.8 to 11.0
grams per square meter per day.

Model projections indicate that for 7-day 10-year low—flow conditions
and water temperatures of 29° Celsius, daily average dissolved-oxygen con-
centrations of 6.0 milligrams per liter can be maintained downstream from
the wastewater—~treatment plant if effluent concentrations of ultimate
carbonaceous biochemical oxygen demand and. ammonia nitrogen are 7.5 (5.0
S-day demand) and 2 milligrams per liter respectively. Model sensitivity
analyses indicate that dissolved-oxygen concentrations were most sensitive
to changes in stream temperature.



INTRODUCTION

Purpose and Scope

The upper White River, the receiving stream for Fayetteville's waste-
water-treatment plant (WWTP) effluent, was selected by the Arkansas Depart-
ment of Pollution Control and Ecology for an intensive water—quality study
to determine the assimilative capacity of the river. This choice was based
on Environmental Protection Agency Program Requirements Memorandum (PRM)
79-7 which sets forth policy and procedures for review of wastewater-
treatment projects that involve advanced secondary treatment (AST) or
advanced waste treatment (AWT). Environmental Protection Agency Region 6
guidelines indicate that a steady-state digital water quality model must
be used to determine the assimilative capacity of a perennial stream into
which an effluent greater than 3 cubic feet per second (ft3/s) is discharged.

The study was conducted to assess the current effects of the Fay-
etteville WWTP upon the dissolved oxygen (DO) regime and biological com-
munity in the river. In addition, digital modeling techniques were to be
used to determine the maximum effluent loadings to the river that would
not reduce daily average river DO concentrations below the Arkansas
standard (Arkansas Department of Pollution Control and Ecology, 1975)
of 6 milligrams per liter (mg/L). The study was to be completed within
a 9-month period.

Study-Area Description

The upper White River, at river mile 673.8, drains a 560 square-
mile (mi2) area (Sullavan, 1974) in northwest Arkansas (fig. 1) and flows
generally northward into Beaver Reservoir. Annual precipitation is approx-
imately 50 inches, and the average annual runoff for streams in the area is
l.1 cubic feet per square mile (Lamonds, 1972). The area is underlain by
limestone, chert, and some beds of shale and sandstone (Lamonds, 1972).

The segment of river chosen for this study originates downstream from
Lake Sequoyah (river-mile 684.8) and terminates at Beaver Reservoir (river-
mile 673.8). Lake Sequoyah is a former water supply lake for the city of
Fayetteville with a drainage area of 275 mi2 (Sullavan, 1974). Principal
tributaries in this segment are West Fork White River, drainage area 125
mi2, and Richland Creek, drainage area 143 mi2 (Sullavan, 1974).

The study area has moderate topographic relief characterized by gently
rolling hills and stream valleys. The river has a gradient ranging from
4.2 feet per mile downstream from Lake Sequoyah to 6.9 feet per mile near
Beaver Reservoir. It is characterized by numerous large pools separated
by short, shallow riffles.

The area has a mixture of suburban-type residences and small farms.
Agriculture in the area ranges from single family gardens to the commercial
raising of cattle, hogs, chickens, soybeans, and feed grains. The river
is a source of irrigation water for soybeans and feed grains.
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DATA COLLECTION

Two synoptic water samplings of White River were conducted in 1980.
One sampling was made during September 24-25, 1980, the other during Octo-
ber 7-8, 1980. During each period of sampling, two grab water samples were
collected at each of 13 sites (fig. 1). Each sampling site is located by an
alphanumeric identifier. Sites designated with a WR-# are located on the
main stem of the White River; those designated WRT-# are tributary sites;
and the single site designated WIP-1 is the discharge pipe for the Fayetteville
WWTP. Numbers following the dashes are consecutive for each type of site
and are incremented in a downstream direction. Water temperature, DO concen-
tration, pH, and specific conductance measurements were made each time water
samples were collected. Additional temperature and DO measurements were
obtained at night and near sunrise, both by individual measurements and by
use of a continuous monitor. The water samples at 12 of the sampling sites
were analyzed for fecal-coliform populations, nutrients, ultimate carbonaceous
biochemical oxygen demand (CBODU), chlorophyll and content in phytoplank~-
ton, and suspended solids. Bed-material samples were collected at the 12 sites
for determination of streambed oxygen demand. Samples from the Fayetteville
WWTP were not analyzed for phytoplankton chlorophyll and or streambed
oxygen demand. All samples were analyzed by the U.S. Geological Survey.
Procedures described by Jennings and Bauer (1976), Greeson and others (1977),
Skougstad and others (1979), Erdman, and Duncan (1979), Nolan and Jolnson
(1979), and Pickering (written commun., 1980) were used. A water—discharge
measurement was made at each sampling site following the procedures of
Buchanan and Somers (1969).

A comparative biological survey was conducted at two sites, one above
and one below the Fayetteville WWTP, on October 7-8, 1980. Samples were
collected to determine phytoplankton, benthic invertebrate, and fish popula-
tion densities and taxonomic identification (Greeson and others, 1977).

In addition to the numerous cross-sectional areas determined during
discharge measurements, the entire river segment was either waded or floated
by boat to measure river widths and depths and pool-to-riffle ratios. The
discharge measurements were used, along with releases of rhodamine WT dye,
to determine time of travel and mean velocity on three river reaches, using
methods described by Wilson (1968), Kilpatrick (1970), Yotsukura and Cobb
(1972), and Bauer, Rathbun, and Lowham (1979). Effluent discharges during
the sampling periods were determined by use of continuous flow charts provided
by the Fayetteville WWTP.

SURFACE~-WATER HYDROLOGY

The White River between river-mile 684.8, just downstream from Lake
Sequoyah, to river-mile 673.8, near the headwaters of Beaver Reservoir, is a
pool-and-riffle stream with channel slopes ranging from 6.9 to 4.2 to 6.9
feet per mile in a downstream direction. Under low-flow conditions the
river is characterized by short riffles of varying width and long, deep
pools.

During the sampling period September 24-25, 1989{ discharges in the
main stem of the White River increased from 0.91 ft°/s at WR-1 to 22.4
ft3/s at WR-10. During the October 7-8 sampling period discharge increased
from 0.73 £t3/s at WR-1 to 17 £t3/s at WR-10 (table1). For both periods,
mean river depths varied from 1.3 to 4.8 feet through the reach of interest.



Under low-flow conditions, the flow characteristics of the White River
downstream from the Fayetteville WWTP are dominated by the discharge from
the treatment plant. For the two sampling periods, discharges at statioms
WR-3 and WTP-1 (table 2) indicate that, using daily averages, 65 to 90 percent
of the river discharge downstream from the treatment plant is waste effluent.

The quantity of water discharged from the Fayetteville WWIP is not
steady (fig. 2). Flows vary as much as 100 percent in a 24~hour period.
Significant differences in discharges measured on the same day at river-
sampling sites downstream from the treatment plant (table 2) are a reflection
of changes in effluent flow from the plant.

Mean velocities for selected reaches of the river were estimated using
dye tracers during both the September and October sampling periods. Travel
times and mean velocities for these reaches are given in table 1. The meas-
ured velocities are small, ranging from 0.031 to 0.097 foot per second,

The 7-day 10-year low flows (Q7/10) (modified from Hines, 1975) at
stations 07048500, West Fork White River near Fayetteville; 07048600, White
River near Fayetteville; and 07048800, Richland Creek at Goshen (fig. 1) are
0.3, 1.6, and 0.1 ft3/s, respectively. Observed discharges in West Fork
and the main stem of the White River upstream from the Fayetteville WWIP
during the October sampling period (table 2) were less than the Q7/10.
Estimates of low-flow frequency for the White River are questionable because
of the control of Lake Sequoyah and the continuous discharge from the Fayette-
ville WWTP.
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Table 1.--Measured traveltime and mean velocity for selected reaches of

White River
Begin- Mean “Travel
ning Ending Discharge velocity time
mile mile (£t3/s) (ft/s) (h)
September 1980
684 .80 684,00 5.4 0.031 37.6
682.91 681.78 15.6 .073 22,5
681.78 679.89 13.6 .087 32.3
678.83 677 .86 13.1 .097 14.6
October 1980
681.78 679.96 10.4 0.073 36.6
679.96 678.86 11.1 .051 31.4




WATER QUALITY

Water—quality data collected in the study area during September 24-25
and October 7-8, 1980, are presented in table 2. Data collected at some
sampling sites both upstream and downstream from the Fayetteville WWTP
indicate that Arkansas water quality standards, (Arkansas Department of
Pollution Control and Ecology, 1975) are not being met for the following
constituents: temperature, DO, dissolved solids, total phosphorus, and the
combined standard of solids, floating material, and deposits. In additionm,
the U.S. Environmental Protection Agency's criterion (1976) limits un-ion-
ized ammonia (NH3) to a maximum of 0.02 milligram per liter (mg/L) to
prevent toxicity to freshwater aquatic life. This criterion was exceeded at
all sampling sites downstream from the Fayetteville WWIP except site WR-7.
The highest calculated unionized ammonia concentration was 0.095 mg/L as
NH3 (table 3, USEPA, 1976), at site WR-5.

Physical Characteristics

Physical water—quality characteristics measured during the study were
suspended solids, water temperature, and specific conductance, along with
visual observations of solids, floating material, and deposits.

Suspended Solids

Suspended solids generally can be related to stream turbidity. There
are several sources of suspended solids in streams. 1) sediment washed off
the watershed, 2) sediment scoured from the streambed, 3) particulate matter
discharged by a WWTP, 4) and algal growth derived from dissolved nutrients
in the water. Concentrations of suspended solids in a stream vary as new
gources are added, as particles are deposited or resuspended, and as organic
matter is produced and consumed. Turbidity, or light penetration, depends
upon these concentrations and the type of suspended material. Suspended-
solids concentrations on the river ranged from 1 mg/L at station WR-2 to 58
mg/L at station WR-4. Concentrations in the Fayetteville WWIP effluent
ranged from 18 to 120 mg/L suspended solids. The State permit for the
Fayetteville WWTP effluent states that suspended solids shall not exceed 30
mg/L as a maximum monthly average.

Water Temperature

Typically, surface-water temperature varies continually in response
to changes in solar radiation and changing seasons. Temperature is highest
in the late afternoon and lowest in the early morning. Seasonal temperature
is highest in July, August, and September and lowest in December and January.
High water temperatures lower the solubility of oxygen, increase the rates
of oxygen—consuming reactions, and increase photosynthetic-oxygen production.
Water temperature in the main stem of White River during the study period
ranged from 13.5 to 26.0° C (table 3). Historical records show a maximum
value of 30.5° C during July 1978 for site WR-2.
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Table 3.--Dissolved-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent

Dissolved

oxygen

Dissolved (percent

Time of Temperature oxygen satura-

Site Date collection (° o (mg/L) tion)

(1980) (hour) (00010) (00300) (00301)
WR-1 Sept. 24 0940 21.0 3.2 36
Sept. 24 1620 23.5 4.5 52
Oct. 2 1135 21.0 3.9 43
QOct. 2 1650 21.0 5.2 58
Oct. 2 1900 20.0 5.2 57
Oct. 2 2250 21.0 5.8 64
Oct. 3 0540 18.0 1.6 17
Oct. 3 0710 17.0 1.4 14
Oct. 3 1030 18.0 7.3 77
Oct. 7 0730 17.5 3.7 39
Oct. 7 1145 20.0 5.3 58
Oct. 7 1740 23.0 7.8 90
Oct. 7 1930 21.0 6.2 69
Oct. 8 0640 18.0 3.9 41
Oct. 8 0740 18.0 4.0 42
Oct. 10 1400 23.0 4.9 56
Oct. 11 1140 19.0 4.8 52
WRT-1 Sept. 24 1010 21.0 4,7 52
Sept. 24 1650 23.0 6.4 74
Oct. 2 1155 20.0 8.0 87
Oct. 2 1710 21.0 8.6 96
Oct. 2 1915 20.0 7.9 86
Oct. 2 2310 19.5 7.9 85
Oct. 3 0600 15.0 7.0 69
Oct. 3 0725 15.5 6.0 60
Oct. 3 1050 16.5 8.6 88
Oct. 7 0750 16.0 8.5 86
Oct. 7 1200 17.5 8.1 84
Oct. 7 1720 20.5 9.3 102
Oct. 7 2000 20.5 9.3 102
Oct. 8 0650 17.0 8.6 89
Oct. 8 0750 17.0 8.2 85
Oct. 10 1345 21.5 6.7 75
Oct. 11 1115 17.0 4.7 48
WR-2 Sept. 24 1045 21.5 4.9 55
Sept. 24 1730 23.0 5.6 64
Oct. 2 1210 20.5 5.8 64

18



Table 3.--Dissolved-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent--Continued

Dissolved

oxygen

Dissolved (percent

Time of Temperature oXygen satura=-

Site Date collection (° ¢) (mg/L) tion)
(1980) (hour) (00010) (00300) (00301)

WR-2 Oct. 2 1755 18.5 6.2 66
Oct. 2 1925 18.0 6.0 63
Oct. 2 2325 18.5 5.6 60
Oct. 3 0610 15.0 5.7 56
Oct. 3 0635 15.0 4.9 48
Oct. 3 1100 17.0 7.3 75
. Oct. 7 0810 14.5 6.1 59
Oct. 7 1540 23.5 7.0 81
Oct. 7 1850 19.0 6.4 69
Oct. 8 0640 16.0 6.0 61
Oct. 8 0800 16.0 6.1 62
Oct. 9 0810 14.5 6.1 59
Oct. 9 1850 19.0 6.4 69
Oct. 10 1355 23.5 7.2 84
Oct. 11 1100 13.5 7.0 67
WR-3 Sept. 24 1100 22.0 5.8 66
Sept. 24 1755 23.5 7.4 86
Oct. 2 1255 20.0 6.6 72
Oct. 2 1725 19.5 8.0 86
Oct. 2 1940 18.0 8.2 86
Oct. 2 2400 18.0 8.1 85
Oct. 3 0640 17.0 7.2 74
Oct. 3 0745 17.0 5.6 58
Oct. 3 1040 17.0 7.6 78
Oct. 7 0830 15.5 8.5 85
Oct. 7 1215 18.5 9.5 101
Oct. 7 1600 25.0 10.4 124
Oct. 7 1800 20.5 10.2 112
Oct. 7 2000 19.0 10.2 110
Oct. 7 2200 18.0 9.9 104
Oct. 7 2400 18.5 9.6 102
Oct. 8 0200 18.0 9.4 99
Oct. 8 0400 17.5 9.0 94
Oct. 8 0600 17.5 8.8 92
Oct. 8 0800 17.0 8.7 90
Oct. 8 1000 16.5 8.9 91
Oct. 8 1200 19.5 9.1 98
Oct. 8 1400 23.0 9.1 105
Oct. 8 1600 21.0 10.4 116
Oct. 10 1315 20.0 8.6 93
Oct. 11 7.4 77

1230 17.5
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Table 3.--Dissolved-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent--Continued

Dissolved

oxygen

Dissolved (percent

Time of Temperature oxygen satura-

Site Date collection (° ¢ (mg/L) tion)
(1980) (hour) (00010) (00300) (00301)

WIP-1 Sept. 24 1137 25.5 8.4 101
Sept. 24 1830 27.0 8.3 102
Oct. 2 1235 25.5 8.1 98
Oct. 2 1735 25,0 9.2 110
Oct. 2 1945 25.0 9.6 114
Oct. 3 0010 24,5 9.2 109
Oct. 3 0630 24,0 8.3 98
Oct. 3 0755 24,5 9.2 109
Oct. 3 1055 24,0 8.5 100
Oct. 7 0840 24,0 9.1 107
Oct. 7 1224 25.0 8.6 102
Oct. 7 1655 25.5 8.2 99
Oct. 7 2020 25.0 9.5 113
Oct. 8 0750 24.0 9.4 111
Oct. 8 0810 24,0 9.0 106
Oct. 10 1240 24,5 8.6 102
Oct. 10 1310 26.0 8.1 99
WR-4 Sept. 24 1120 25.0 5.9 70
Sept. 24 1810 26.0 4,5 55
Oct. 2 1245 25.0 2.6 31
Oct. 2 1740 24,5 1.3 15
Oct. 2 1950 22.5 2.3 26
Oct. 3 0020 22,5 5.2 59
Oct. 3 0645 21.0 3.1 34
Oct. 3 0800 20.5 2.4 26
Oct. 3 1100 22.5 4.8 55
Oct. 7 0913 22,0 4.9 56
Oct. 7 1219 25.0 6.0 71
Oct. 7 1700 23.5 3.9 45
Oct. 10 1300 26.5 3.5 43
Oct. 10 1500 26.0 3.6 44
Oct. 10 1700 25.0 4,3 51
Oct. 10 1900 25.0 2.0 24
Oct. 10 2100 24.0 4,8 56
Oct. 10 2300 24,0 5.5 65
Oct, 11 0100 24,0 5.6 66
Oct. 11 0300 23.0 5.4 62
Oct., 11 0500 22.5 5.4 62
Oct. 11 0700 22.0 5.7 65
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Table 3.--Dissolved-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent--Continued

Dissolved

oxygen

Dissolved (percent

Time of Temperature oxygen satura-

Site Date collection (° C) - (mg/L) tion)

(1980) (hour) (00010) (00300) (00301)
WR-4 Oct. 11 0900 22.0 5.7 65
Oct. 11 1100 23.0 5.3 61
Oct. 11 1240 25.0 5.7 68
Oct. 11 1300 25.0 5.5 65
WR-5 Sept. 24 1130 23.0 2,5 29
Sept. 24 1845 24.5 2.0 24
Oct. 2 1415 22.0 0.2 2
Oct. 2 1720 22.0 0.2 2
Oct. 2 1750 21.5 0.0 0
Oct. 3 0830 18.5 0.1 1
Oct. 7 0945 18.5 0.2 2
Oct. 7 1150 19.5 0.2 2
Oct. 7 1530 22.0 0.1 1
Oct. 7 1835 22.5 0.0 0
Oct. 8 0815 19.0 0.1 1
Oct. 10 1440 24.5 0.1 1
Oct. 11 1040 13.0 0.1 1
WR-6 Sept. 24 1100 22.5 3.4 39
Sept. 24 1745 23.5 5.3 62
Sept. 24 1915 23.0 4.7 54
Sept. 24 2325 22.5 3.4 39
Sept. 25 0615 22.0 3.2 36
Sept. 25 0800 22.5 3.2 37
Oct. 2 1400 22.0 3.2 36
Oct. 2 1740 21.0 3.1 34
Oct. 2 1905 21.0 3.2 36
Oct. 2 2300 19.5 2.7 29
Oct. 3 0610 18.5 2.3 24
Oct. 3 0815 18.5 2.3 24
Oct. 3 1130 18.0 2.7 28
Oct. 7 0925 17.0 1.0 10
Oct. 7 1130 18.0 1.7 18
Qct., 7 1515 21.0 1.7 19
Oct. 7 1815 20.5 1.7 19
Oct. 7 1950 19.5 0.9 10
Oct. 8 0700 18.0 0.1 1
Oct. 8 0830 18.0 0.2 2
Oct. 10 1500 23.0 1.3 15
Oct. 11 1030 18.0 0.2 2

21



Table 3.--Dissolved-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent-—Continued

Dissolved

oxygen

Dissolved (percent

Time of Temperature oxygen satura-

_Site Date collection (° © (mg/L) tion)

(1980) (hour) (00010) (00300) (00301)
WR-7 Sept. 24 1030 22.0 2.9 33
Sept. 24 1715 23.5 7.4 86
Oct. 6 1430 19.0 2.4 26
Oct. 6 1630 19.5 2.6 28
Oct. 6 1830 19.0 2.7 29
Oct. 6 2030 18.5 2.5 27
Oct. 6 2230 18.5 2.4 26
Oct. 7 0030 18.5 2.3 24
Oct. 7 0230 18.5 2.2 23
Oct. 7 0430 18.0 2.2 23
Oct. 7 0630 18.0 2.1 22
Oct. 7 0830 17.5 2.2 23
Oct. 7 0900 17.0 2.0 21
Oct. 7 1000 21.0 6.4 71
Oct. 7 1030 17.5 2.6 27
Oct. 7 1230 18.5 3.1 33
Oct. 7 1430 19.5 3.9 42
Oct. 10 1515 22.0 1.8 20
Oct. 11 1000 18.0 1.0 11
Oct. 14 1500 17.5 3.7 39
WR-8 Sept. 22 1450 25.5 6.5 78
Sept. 22 1632 26.0 6.8 83
Sept. 24 0930 21.5 4.7 53
Sept. 24 1615 23.5 7.4 86
Sept. 24 2000 22.5 7.1 81
Sept. 25 0015 22.5 5.4 62
Sept. 26 0650 21.5 5.3 60
Oct. 2 1335 19.5 3.2 35
Qct. 2 1820 20.0 4,7 51
Oct. 2 1950 20.0 5.0 54
Oct. 2 2345 19.0 4.4 47
Oct. 3 0655 18.5 3.5 ' 37
QOct. 3 0755 18.0 3.6 38
Oct. 3 1215 18.0 4.1 43
Oct. 7 0820 17.0 1.2 12
Oct. 7 1112 17.0 2.0 21
Oct. 7 1425 19.5 3.8 41
Oct. 7 1820 20.0 6.3 68
Oct. 7 1950 19.0 4.5 48
Oct. 8 0640 18.0 3.0 32
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Table 3.--Dissolved-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent-—Continued

Dissolved

oxygen

Time of Dissolved (percent

Time of Temperature oxygen satura-

Site Date collection (° ¢ (mg/L) tion)

(1980) (hour) (00010). (00300) (00301)
WR-8 Oct. 8 0815 18.0 3.0 32
Oct. 10 1530 23.5 8.4 98
Oct. 11 0900 18.0 3.9 41
Oct. 14 1400 18.0 4.6 48
Oct. 15 0900 17.0 3.4 35
Oct. 15 1015 17.0 3.2 33
WRT-2 Sept. 22 1420 27.0 11.2 138
Sept. 22 1630 27.0 10.2 126
Sept. 24 0945 20.0 7.3 79
Sept. 24 1620 23.0 9.9 114
Sept. 24 1945 23.5 9.4 109
Sept. 24 2350 22.0 7.9 90
Sept. 25 0630 20.5 7.8 86
Oct. 2 1320 20.0 11.0 120
Oct. 2 1800 21.0 11.1 123
Oct. 2 1930 20.5 10.8 119
Oct. 2 2320 18.5 8.4 89
Oct. 3 0630 16.0 8.2 83
Oct. 3 0750 16.0 8.5 86
Oct. 3 1145 16.5 10.7 109
Oct. 7 0750 16.0 8.8 89
Oct. 7 1050 16.0 9.8 99
Oct. 7 1400 19.0 12.0 129
Oct. 7 1750 20.0 11.8 128
Oct. 7 1945 20.0 10.7 116
Oct. 8 0635 17.0 8.3 86
Oct. 8 0810 16.5 8.4 86
Oct. 10 1535 21.5 11.2 126
Oct. 11 0840 _15.0 8.2 80
Oct. 14 1430 18.0 10.6 112
Oct. 15 0925 16.0 8.0 81
WR-9 Sept. 22 1507 26.0 8.5 104
Sept. 22 1700 26.0 9.5 116
Sept. 24 0950 21.5 4,7 53
Sept. 24 1630 23.0 7.4 85
Sept. 24 1950 23.0 7.6 87
Sept. 24 2400 22.0 6.4 73
Sept. 25 0640 . 21.0 6.0 67

23



Table 3.--Dissolved—-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent-—-Continued

Dissolved

oxygen

Dissolved (percent

Time of Temperature oxygen satura-

Site Date collection (° c (mg/L) tion)
(1980) (hour) (00010) (00300) (00301)

WR-9 Oct. 2 1325 20.0 7.3 79
Oct. 2 1810 20.0 7.2 78
Oct. 2 1940 20.0 6.6 72
Oct. 2 2330 19.0 6.0 64
Oct. 3 0640 17.0 5.6 58
Oct. 3 0740 17.0 5.9 61
Oct. 3 1150 18.0 8.5 89
Oct. 7 0800 16.5 3.5 36
Oct. 7 1055 17.5 4.7 49
Oct. 7 1410 19.5 5.7 62
Oct. 7 1800 20.0 6.7 73
Oct. 7 1940 19.5 6.4 69
Oct. 8 0630 18.0 4.7 49
Oct. 8 0800 17.5 4,3 45
Oct. 10 1540 22.0 8.6 98
Oct. 11 0830 17.0 5.5 57
Oct. 14 1435 18.0 6.1 64
Oct. 15 0930 16.5 4.8 49
WR-10 Sept. 22 1530 26.5 7.6 93
Sept. 24 0900 22.0 4.7 53
Sept. 24 1600 23.0 6.8 78
Sept. 24 2015 23.0 6.6 76
Sept. 25 0030 22.5 6.2 71
Sept. 25 0700 21.0 6.2 69
Oct. 2 1300 20.5 6.4 70
Oct. 2 1500 21.0 6.7 74
Oct. 2 1700 22.0 7.2 82
Oct. 2 1900 21.0 7.0 78
Oct. 2 2100 21.0 6.9 77
Oct. 2 2300 20.0 6.3 68
Oct. 3 0100 19.0 6.2 67
Oct. 3 0300 18.0 6.1 64
Oct. 3 0500 18.0 6.1 64
Oct. 3 0700 17.0 6.1 63
Oct. 3 0900 17.0 6.5 67
Oct. 3 1100 18.0 7.3 77
Oct. 3 1230 18.0 7.6 80
Oct. 3 1300 18.0 8.0 84
Oct. 7 0730 17.5 5.2 54
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Table 3.~-Dissolved—-oxygen and temperature data, White River, tributaries,
and Fayetteville waste effluent--Continued

Dissolved

oxygen

Dissolved (percent

Time of Temperature oxygen satura-

Site Date collection (°c) (mg/L) tion)

(1980) (hour) (00010) (00300) (00301)
WR-10 Oct. 7 1040 17.5 5.8 60
Oct. 7 1350 21.0 6.8 76
Oct. 8 0655 18.5 5.6 60
Oct. 8 0830 18.0 5.3 56
Oct. 10 0730 17.5 5.2 54
Oct. 10 1600 22.5 7.4 85

Oct. 10 1840 20.0 8.9 97
Oct. 10 2005 20.0 8.5 92
Oct. 11 0810 18.0 6.7 71
Oct. 14 1530 19.5 9.2 99
Oct. 15 0815 17.5 6.1 64

25



Arkansas Water Quality Standards (Arkansas Department of Pollution Con-
trol and Ecology, 1975) state that “"during any month of the year, heat shall
not be added to any stream in excess of the amount that will elevate the
temperature of the water more than 5° F (2.8° C)". Using this standard and
the mean water temperature for site WR-3 (upstream from the Fayetteville
WWTP) of 19.0° C (66.2° F) and the mean water temperature of 23.5° C (74.7° F)
for site WR-4 (downstream from Fayetteville WWIP), it appears that the
State temperature standard was not being met during the period of this study.

Specific Conductance and Dissolved Solids

Specific conductance is a measure of a water's ability to conduct
an electric current and is, therefore, an indication, within wide 1limits,
of the dissolved-solids concentration of the solution (Hem, 1970, p. 99).
Measurements of specific conductance are expressed as micromhos per centimeter
at 25° C. Hem (1970, p. 99) used a dissolved-solids-to-specific-conductance
ratio of 0.54 as the lowest value present in natural water. Using the conser-
vative 0.54 ratio at site WR-3, upstream from the WWIP, with a mean specific
conductance of 102 micromhos per centimeter, ylelds a mean value of 55 mg/L
for dissolved solids. Using the same ratio, site WR-5, with a mean specific
conductance of 545 micromhos per centimeter, ylelds a mean value of 294
mg/L for dissolved solids. These calculations indicate that it is unlikely
that total dissolved solids in the upper White River (Missouri state line to
headwaters, including Beaver Reservoir), meet the Arkansas standard of
160 mg/L maximum concentration (Arkansas Department of Pollution Control
and Ecology 1975). Specific conductance during the study ranged from 90
micromhos per centimeter at site WR-3 to 560 micromhos per centimeter
at sites WR~4 and WR-5 (table 2).

Chemical Characteristics

Chemical water—quality characteristics measured during the study were
pH, DO, CBODU, streambed oxygen demand, net photosynthetic dissolved-oxygen
production, and nutrients.

pH

The pH of a solution refers to its hydrogen—ion activity and can range
from 0 to 14 units. Water with pH values less than 7 units is acidic; water
with pH values more than 7 units is alkaline. The pH of most natural water
ranges from 6.0 to 8.5 units (Hem, 1970, p. 93). Where photosynthesis by
aquatic organisms takes up dissolved carbon dioxide during the daylight
hours, pH may fluctuate, and the maximum pH value may sometimes reach as
high as 9.0 units (Hem, 1970, p. 93). The pH of the main stem of White
River during the study ranged from 7.0 to 7.7 units (table 2). The pH of
the Fayetteville WWTP effluent ranged from 7.0 to 7.3 units (table 2).
Arkansas water—-quality standards state that "the pH of water in the stream or
lake must not fluctuate in excess of 1.0 pH unit, within the range of 6.0
to 9.0, over a period of 24 hours. The pH shall not be below 6.0 or above
9.0 due to wastes discharged to the receiving waters” (Arkansas Department
of Pollution Control and Ecology, 1975).
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Dissolved Oxygen

Dissolved oxygen is the most biologically important parameter in natural
waters; it is essential to all biota that respire aerobically. Fish and
other desirable clean-water organisms require sufficient DO concentrations to
survive and propagate. Arkansas water—-quality standards (Arkansas Department
of Pollution Control and Ecology, 1975) require a minimum of 6.0 mg/L for
the segment of White River in this study. This standard was established to
insure conditions for the maintenance of a smallmouth-bass fishery.

The DO concentration of flowing water is highly variable. Oxygen in
rivers is consumed by bacterial decomposition of suspended, dissolved, and
deposited organic matter, oxidation of ammonia by nitrifying bacteria (nitri-
fication), and the respiration of aquatic organisms. Oxygen is replenished
in natural water primarily by reaeration, the diffusion of oxygen into the
water from the atmosphere, and by photosynthesis.

Reaeration will not result in DO concentrations greater than saturation
(the concentration of oxygen in the water that is in equilibrium with the
oxygen concentration in the atmosphere). At sea level and a temperature of
10° C, water is saturated with oxygen when it contains about 11.3 mg/L. At
30° C, water is saturated with oxygen when it contains only about 7.7 mg/L.

During daylight hours, algae are both producers and consumer of oxygen.
In some favorable river environments algal photosynthesis can raise DO
concentrations much higher than the saturation value. Likely places for
this condition are slow-moving rivers that have large pools and an abundant
nutrient supply during summer. During such periods, algae can become a more
important contributor of oxygen to the river than reaeration. At night, in the
absence of sunlight, algae are only oxygen consumers. Where algal photosyn-
thesis has resulted in supersaturated-~oxygen concentrations, oxygen diffuses
from the water, tending toward equilibrium. Because of the net oxygen produc-
tion during the day, and losses to respiration and diffusion at night, the
diel pattern is high DO concentrations during the day and low concentrations
during the night. This diel pattern is characteristic of water with high algal
productivity. .

During summer months, when streamflow is low and water temperature is
high, the DO concentration of a stream can be depleted by high organic loading.
Such loading is common downstream from a WWIP with secondary or less treatment.
A fish kill in the White River downstream from the Fayetteville WWIP was
observed during the period of this study. A DO concentration of 0.0 mg/L
was measured at site WR-5 on October 2 and 7, 1980 (table 3).

Dissolved-oxygen concentration of the White River was measured approxi-
mately four times during each 24-hour-sampling period; once during each
collection of water-quality samples, once after darkness, and once near
sunrise. In addition, a continuous temperature and DO concentration monitor
was used at selected sampling sites while numerous additional temperature
and DO measurements were being made at other sites. Dissolved-oxygen concen-
trations in the river ranged from a minimum of 0.0 mg/L (0 percent saturation)
at site WR-5 on October 2 and 7, 1980, to a maximum of 10.4 mg/L (124 percent
saturation) at site WR-3 at 1600 hours on October 7, 1980 (table 3). Mean
daily DO profiles are shown in figure 3.

The DO concentration generally was lowest in the early morning hours
at all of the White River sampling sites. This condition is due to cumulative
nighttime respiration and the absence of production. Differences between
nighttime and midday DO concentrations at several sites indicate that photo-
synthetic activity was significant during the study.
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MEAN DISSOLVED-OXYGEN CONCENTRATION, IN MILLIGRAMS PER LITER
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Figure 3.- Mean daily dissolved-oxygen profiles for sampling—-sites on the White

River between Lake Sequoyah and Beaver Resevoir.
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Carbonaceous Biochemical Oxygen Demand

Carbonaceous biochemical oxygen demand (CBOD) is a single stage reaction
defining the quantity of oxygen used by organisms in the water column as
they consume organic material. Demands can be defined for any period of
time. The maximum quantity of DO required for the complete assimilation of
carbonaceous material in a given parcel of water is defined as the "ultimate
carbonaceous biochemical oxygen demand” (CBODU).

Water collected at each station during the September and October sam-
pling periods was analyzed for CBOD according to methods described by Pickering
(written commun., 1980). 2-chloro-6'(trichloromethyl) pyridine was introduced
into each sample to inhibit nitrification. The observed decline in DO
concentration in each sample was then assumed to be only due to the respiration
of those organisms that consume carbonaceous material. Dissolved-oxygen
concentrations in each sample were recorded initially and on day one of the
test; thereafter concentrations were recorded every other day for a period
of 20 days.

The single-stage decay of carbonaceous material can be defined by the
first order kinetics model expressed in the following equation:

Lt = Loe'kt,
where
t = time (in days),
e = base of natural logarithms,
Lt = concentration of CBOD remaining after t days, (mg/L),
Ly, = initial concentration of CBOD at time 0, CBODU, (mg/L),
k = first-order CBOD decay rate, base ¢, (day~l).

L, and X are determined by defining a best-fit curve for the time-series
DO data recorded during the laboratory CBODU tests. This fitting is accom
plished using a computer program described by Jennings and Bauer (1976).

The fitting methods available in the program are:

1) the Thomas method (Thomas, 1950),

2) the least-squares method (Reed and Theriault, 1931), and

3) the nonlinear least-squares method (J. P. Bennett, written commm.,

1974). :
The nonlinear least-squares method requires that initial values of k and Lo
be supplied by the user or by a presolution using the Thomas method or the
least—-squares method.

For each time~series data set analyzed, the fitting program was run
twice; once utilizing the Thomas method followed by the nonlinear least-
squares method, and once with the least—-squares method followed by the non-
linear least-squares method, resulting in four attempts at fitting each data
set. Estimates of Ly and X produced by the fitting procedure with the small-
est computed root mean-square error were considered most accurate.

Values of Ly, or CBODU, at each sampling station are given in table 2.
The reaction coefficients, i, determined in this manner represent deoxygena-
tion rates, because deposition 1s not accounted for in the "bottle-time"” tests.
The deoxygenation rates determined for samples taken at each station are given
in table 2. The present 5-day biochemical oxygen demand limit for the Fayette-
ville WWTP is 30 mg/L. Using a conversion factor of 1.5 (Velz, 1970, p. 145)
glves an CBODU limit of 45 mg/L for the plant. CBODU concentrations for the
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Fayetteville WWTP (site WTP-1) ranged from 72 mg/L on September 24, 1980, to
190 mg/L on October 7, 1980 (table2). CBODU concentrations in White River
ranged from 4.6 mg/L at site WR-10 to 120 mg/L at site WR-4, just downstream
from the Fayetteville WWTP outfall,

Streambed Oxygen Demand

The streambed oxygen demand is a measure of the quantity of oxygen
removed from overlying waters by processes occurring through a unit area
of streambed in unit time. The demand from the streambed for oxygen 1is
primarily due to the decay of natural organic detritus such as leaves and
to the decay of settleable organics contributed by man from both point and
nonpoint-sources.

"Streambed oxygen demand,” as used in this report, does not include

- the respiration of periphyton nor does it include the respiration of benthic
invertebrates and bacteria attached to non-collectable substrates.
These noncollectable substrates include submerged trees, aquatic macrophytes,
bedrock outcrops, large gravel, and boulders. The term "benthic oxygen
demand” (benthal demand) as used in this report, has a broader meaning than
streambed oxygen demand and includes the bacterial and invertebrate oxygen
demands from non—-collectable substrates. Benthic demand is discussed fur-
ther under the digital model calibration section.

Representative bed-material samples are collected by use of grab samplers
or by use of a shovel, Approximately 20 pounds of the top 2 to 3 inches
(50-80 millimeters) of bed material are collected in a large pan. The surface
of the material is covered with plastic wrap. The sample is then chilled
and transported to the laboratory for analysis. Analysis 1is begun within
24 hours of collection.

A respirometer, adapted from Nolan and Johnson (1979), 1is used in
the determination of streambed oxygen demand in the laboratory. The res-
pirometer (fig. 4) consists of a cylinder (1 foot in diameter) constructed
from clear acrylic pipe with acrylic end plates, a dissolved—oxygen probe
and container, a continuous recorder, a peristaltic pump, and polyethylene
tubing.

The bed-material sample is placed on the bottom of the respirometer
to a depth of 1 inch (25 millimeters). The surface area of the sample
is 0.743 square foot (0.069 square meter). The inlet port is 1.18 inches
(30 millimeters) above the sample surface, and the exit port is 3.54 ‘inches
(90 millimeters) below the 1id of the respirometer., After a sample has been
placed in the respirometer and the dissolved-oxygen probe has been cali-
brated, the respirometer is filled with 2,25 gallons (8.53 1liters) of
aerated, demineralized water, the peristaltic pump started, and the 1id
is placed on the respirometer forming an airtight container. The system
is operated at room temperature (21° C * 1° C) for 4-8 hours.

The first step in calculating the oxygen demand of the sample is to
examine the DO versus time plot obtained from the continuocus recorder.
Initial DO (0j) and £inal DO (0f) (fig. 4) are determined from that part
of the plot where oxygen consumption versus time is constant (fig.5). DO
concentrations less than 2 mg/L are not used in rate determinations because
of changing rates of oxygen demand by aquatic organisms during low DO periods.
As a control, the analysis 1s also done without streambed material, using
demineralized water, and the appropriate blank correction is made in the
final calculation, shown in figure 4.
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SOD = Streambed oxygen demand (grams per square meter per day),
0; = DO initial (milligrams per liter),
Of = DO final (milligrams per liter),

By = blank DO initial (milligrams per liter),
Bf = blank DO final (milligrams per liter),

V = volume confined water (cubic meters)

SA = sample in area (square meters), and
At = ty - tg, change in time (days).

Figure 4.--Respirometer and calculations used for measuring streambed oxygen
demand.
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Three replicate samples were analyzed when possible, and the mean value
obtained is reported in table 2, Streambed oxygen demand values differ
considerably between streams. Butts and Evans (1978) found that for several
streams in Illinois, values ranged from 0.27 (g/mz)/d for a clean stream
to 9.3 (g/m2)/d for a very polluted stream. Values for White River ranged
ranged from 1.2 (g/m2)/d for site WR-10 to 6.0 (g/m2)/d at site WR-5.

Net Photosynthetic Dissolved-Oxygen Production

Net photosynthetic dissolved-oxygen production, defined as the difference
between gross photosynthesis and algal respiration, is an integral component
in the community metabolism of most streams. In this study the net DO
production component was determined from an analysis of a diel series
.of DO and temperature measurements and chlorophyl a measurements made at
each sampling site (table 3). A typical set of curves for such diel data is
shown in figure 6. An approach developed by Odum (1956) was used to solve
the oxygen-balance equation for each set of diel data collected. This anal-
ysis yields net daytime productivity, total nighttime respiration, and total
24-hour community metabolism.

The 0Odum methodology has been coded into a digital program and documented
by Stephens and Jennings (1976). The program solves the oxygen-balance equa-
tion at a single station or as the difference between upstream and downstream
stations. In this study, the single-station analysis was used. Problem
solution 1s for the following oxygen balance equation:

X=P-R=+D+{,

where

rate of change of dissolved oxygen per unit area,

rate of photosynthetic production per unit area,

rate of community respiration per unit area,

rate of gain or loss of oxygen through diffusion, and
rate of accrual of oxygenated water.

AR IR i VR

In addition to the diel DO and temperature data, values for some additional

parameters must be supplied to the program to solve the preceding equation.

For these analyses, the additional parameters necessary are as follows:
1) oxygen diffusion coefficient

DIFC = kgx9.07/(BP/29.92),

where

DIFC = diffusion coefficient, (g/m3)/h
k2 = reaeration coefficient, hour‘l, computed with the
Velz predictive equation (Attachment A-2), and
dissolved-oxygen saturation, mg/L, at 20° C, and
barometric pressure, inches of mercury.
2) Dbarometric pressure, inches of mercury,
3) stream depth, m, and
4) time of sunrise and sumset.

3.

%S
([

An example of printed results from the program is shown in figure 7. For
further details concerning the derivation of net photosynthetic DO production,
to this stage, the reader is referred to Stephens and Jennings (1976).
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Using, as an example, the results of the Odum analysis (fig. 7) and
observed chlorophyll g concentrations (table 2) for station WR-7, the fol-
lowing procedure was used to derive values for net photosynthetic DO produc-
tion at each station.

Equalities:

1) Net daytime oxygen production = gross photosynthesis + [daytime
benthal demand + daytime BOD +
daytime respiration of periphyton
+ daytime respiration of phyto-
planktonl.

2) Night respiration = nighttime benthal demand + nighttime BOD +

nighttime respiration of periphyton + night-
time respiration of phytoplankton.

3) 24-hour community metabolism = net daytime production + nighttime
respiration.

4) Algal respiration = -0.025 (chlorophyll a concentration),

(Shindala, 1972).
Assumptions: .

1) Daytime benthal demand and BOD = nighttime benthal demand and BOD.

2) Daytime algal respiration = nighttime algal respiration.

3) Periphyton respiration = phytoplankton respiration; in the absence

’ of good periphyton data.

Computations:
Chlorophyll a = 7.61 ug/L, therefore, by equality 4 phytoplankton
respiration = -0.025 (7.61 ug/L) = -0.190 (g/m3)/d of oxygen.
By assumption 3, then periphyton respiration = -0.190 (g/md)/d.

By equality 2, nighttime benthal demand + nighttime BOD = night respi-
ration - nighttime respiration of periphyton - nighttime respiration
of phytoplankton
-7.566-(-0.190/2)-(-0.190/2)
-7.376 (g/m3)/d.
Define: "Net DO production" = gross photosynthesis + daytime
respiration of periphyton + daytime
respiration of phytoplankton +
nighttime respiration of periphyton +
nighttime respiration of phytoplankton.

By equality 1, net DO production = net daytime production - [daytime
benthal demand + daytime BOD] +
nighttime respiration of periphyton
+ nighttime respiration of phyto-
plankton.

" Therefore, using assumptions 1 and 2,
net DO production = -3.893-(-7.376) + (-0.190/2) + (-0.190/2)
= 3.29 (g/m3)/d, and
= 3.29 (mg/L)/d.
The results of the preceding derivation for each station where sufficient
data were collected are given in table 4.

Nutrients

Plants, including algae, require carbon, nitrogen, phosphorus, and
potassium, as well as trace amounts of other elements to grow (Hynes, 1970).
Potassium, a common constituent in river water, seldom limits plant growth.
Forms of nitrogen dissolved in water include bound organic, ionized ammonia
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Table 4.--Net photosynthetic dissolved—oxygen production derived from
community-metabolism analysis of instream—-diel dissolved-oxygen and
temperature measurements

[Temperature measurements are shown in table 3]

Net photo-
synthetic

Sampling Date dissolved-
station (1980) oxygen

- production
(mg/L)
WR-]. Octo 7, 8 7.4
WR-Z Octc 7, 8 0.0
WR-3 Oct. 7, 8 2.0
WR=-5 Oct. 7, 8 N 4
WR-6 Oct. 7, 8 4.0
WR=7 Oct. 6, 7 3.3
WR-B Oct. 7, 8 7.4
WR-9 - Oct. 7, 8 4,1
WR-10 Oct. 10, 11 1.8

37



(NH4+), un-ionized ammonia (NH3), nitrite, and nitrate. Of these forms,
nitrate is the most readily available for plant growth and is the predom
inant form present in streams, except, when there is a man-made source of
ammonia present or under reducing conditions when denitrification occurs.
Forms of phosphorus in water include orthophosphate and the bound phosphate
in soluble or particulate form. Dissolved forms of nitrate and phosphate
are rapidly taken up by plants. Consequently, their concentrations in
natural water are usually low.

Nutrient enrichment may encourage blooms of nuisance algae. Such
blooms are common in lakes (Wetzel, 1975, p. 659) but are seldom seen in
rivers. A principal reason for the absence of blooms in rivers is an
unfavorable environment for planktonic algae because of river currents.
Many algae present in rivers are not truly planktonic but are members of
the periphyton (attached) commumity that have become dislodged because of
river currents or overgrowth. The following genera of algae classed as
truly planktonic by Hynes (1970, p.99) were present in significant numbers
in the White River: pennate diatom, Fragilaria; centric diatoms, Melosira
and Cyclotella; green algae, Scenedesmus and Ankistrodesmus; blue-green al-
gae, Anacystis; flagellates, Euglena and Trachelomomas. An algal bloom
was observed in the river on several days in late September and early
October, 1980. A phytoplankton sample taken during a bloom on October 8,
1980, at site WR-5 had a cell density of 1,400,000 cells per milliliter;
Oscillatoria, a filamentous blue-green alga, was the dominant genus.

These blooms, along with the presence of several truly planktonic algae,
indicate that the river reach of the study biologically behaves more 1like
a lake than a river.

The wain source of nitrogen and phosphorus in the White River study
segment is the Fayetteville WWTP (site WTP-1). For the four samples taken
at site WIP-1 during this study, water discharge was 286 percent greater
than the flow of the receiving stream (White River at site WR-3). The
four effluent samples had the following average concentrations: total
organic nitrogen as nitrogen (organic-N), 14.6 mg/L; total ammonia as nitro-
gen (ammonia-N), 4.8 mg/L; total nitrite as nitrogen (NO2-N), 0.13 mg/L;
total nitrate as nitrogen (NO3-N), 2.6 mg/L; and total orthophosphate as
phosphorus (P04-P), 8.1 mg/L.

Nutrient concentrations in the river varied widely during the study
(table 2). The concentration of organic-N in the river ranged from 0.41 mg/L
at site WR-2 upstream from the Fayetteville WWTP to 37 mg/L at site WR-4,
immediately downstream from the treatment-plant outfall. Ammonia-N concen-
trations ranged from 0.01 mg/L at site WR-3 to 6.8 mg/L at site WR-5.
NO9-N concentrations ranged from 0.00 mg/L at site WRT-1 to 0.48 mg/L at
site WR-5. NO3-N concentrations ranged from 0.00 mg/L at site WR~1 (down-
stream from Lake Sequoyah) and site WRT-1 (West Fork White River) to 2.9
mg/L at site WR-4. PO4~P was not detected in at least one sample for each
of the four stations upstream from the Fayetteville WWTP. The highest con-
centration present downstream was 9.1 mg/L at site WR-4.

The concentration of all nutrients except nitrate showed a general de-
cline downstream. This trend 1s caused by several factors working simul-
taneously in the stream. Organic-N is decomposed by bacterial action and
hydrolysis to form ammonia=~N. Ammonia-N is oxidized to NOp-N mainly
through the action of bacteria belonging to the genus Nitrosomonas. The
resulting NOo-N is quickly oxidized to NO3~N by bacteria of the genus Nitro-
bacter. The resulting NO3-N is the form of nitrogen most used by algae and
higher plants. NO3~N production was proceeding in the rivr at a higher rate
than plant uptake, resulting in increasing NO3-N concentrations downstream.
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Lesser reactions in the nitrogen cycle of a river include microbial fixation
of molecular nitrogen in water and bottom sediments and microbial reduction
of NO3-N and NO9-N to ammonia-N, and to the gaseous products nitrous oxide
and molecular nitrogen.

PO4~P concentrations showed a typical decline downstream from the
Fayetteville WWIP. Several factors affect instream concentrations of PO4;-P.
Algae and, to a lesser extent, bacteria (Hynes, 1970, p. 46) and aquatic
macrophytes (Wetzel, 1975, p. 227) remove PO4-P from solution for growth.
Bacterial action on organically-bound phosphorus releases PO4~P to the
stream. Phosphorus is continually removed from and added to the streambed
by a series of complex processes, generally with a net loss to the streambed.
During a storm, however, high river velocities may scour the riverbed and
resuspend a large amount of phosphorus and carry it downstream,

Biological Characteristics

The stream biological community was selectively sampled for phytoplank-
ton, benthic invertebrates, fish, and fecal coliform bacteria. To document
changes in the biological community of White River resulting from the effluent
discharge from the Fayetteville WWTP, particular attention was given to site
WR-3 (upstream from the Fayetteville WWIP) and site WR-5 (downstream from
the Fayetteville WWTP).

Phytoplankton

Phytoplankton are an assemblage of microscopic plants that drift pas-
sively with the c<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>