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This report is an evaluation of the effects
of nutrient loading on water quality in the South
Umpqua River Basin. The study was done by
the U.S. Geological Survey in cooperation with
Douglas County, Oregon. Five wastewater-
treatment plants were shown to contribute less
than 15 percent of the flow, but more than 90 per-
cent of the nitrogen and phosphorus, in the South
Umpqua River during low streamflows in summer.
These nutrient inputs were associated with, and
largely responsible for, the dense growth of peri-
phytic algae that covered the rocky channel and
produced biomass values as large as 340 grams
of ash-free dry weight per square meter. The night-
time respiration of periphytic algae caused viola-
tions of the Oregon water-quality standard, which
requires a dissolved oxygen concentration of at
least 90 percent of saturation, at most sites along
the South Umpqua River. Photosynthesis by algae
during daylight resulted in many exceedances of
the Oregon pH standard of 8.5.

Net productivity, calculated from hourly
measurements of dissolved oxygen concentra-
tions, was as much as 3.8 grams of oxygen per
square meter per day. The magnitude of produc-
tivity increased with increases in dissolved inor-
ganic nitrogen concentration and load. The large
amount of nutrient uptake by algae resulted in
lowered nutrient concentrations downstream from
nutrient point sources.

Management alternatives for the South
Umpqua River Basin include several methods to
reduce nutrient concentrations and loads. The
reduction of dissolved-inorganic-nitrogen and
soluble-reactive-phosphorus loads from waste-
water-treatment-plant effluent would reduce
the frequency of violations of water-quality
standards. Flow augmentation probably would
decrease water-quality problems in the river,
but it is difficult to predict the magnitude of the
effects of increased velocity and decreased tem
perature on algal growth. Land application and
storage of wastewater-treatment-plant effluent
during the summer months would reduce the inp
of nutrients from point sources.

Three exceedances of the Oregon standar
for fecal coliform of 200 colonies per 100 milliliters
were associated with large streamflows, sugges
ing that nonpoint sources affect the river during
periods of high runoff. Fecal-streptococcus coun
were larger than historical values and require
confirmation.

Ammonia from wastewater-treatment-plan
effluent, high pH values, and high temperatures
present a potential for chronic ammonia toxicity
in the lower reaches of the South Umpqua Rive
however, actual violations of standards for chron
concentrations were not detected because of di
fluctuations in pH and water temperature.
1
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INTRODUCTION

Water-quality problems in the South Umpqua
River have been previously documented (Rinella,
1986). Along much of the river, daily metabolic cycles
of the periphyton-dominated benthic community pro-
duces summertime pH values and dissolved oxygen
(DO) concentrations that violate State of Oregon
and U.S. Environmental Protection Agency (EPA)
water-quality standards (U.S. Environmental Protec-
tion Agency, 1986; State of Oregon, 1992). Other
water-quality concerns include bacteria and ammonia
toxicity. Water-quality standards are intended to pro-
tect the beneficial uses of the river, including domestic
water supply and the salmon fishery.

Many of the water-quality problems in the
South Umpqua River Basin relate to low-flow and
warm-weather conditions that generally occur from
May through October. As the winter rains in south-
western Oregon cease, daily mean streamflow in the
South Umpqua River decreases from about 1,000 ft3/s
(cubic feet per second) to less than 100 ft3/s. Five
wastewater-treatment plants (WWTPs) account for a
large part of the dissolved nitrogen and phosphorus
loading to the river during the summer. Periphyton
filaments, nourished by dissolved nutrients and
stimulated by light, sprout from overwintered basal
fragments that are attached to rocks in the river chan-
nel. The periphyton, much of which isCladophora
(Anderson and others, 1994), grows prolifically in
the lower reaches of the river. Periphyton respiration
and photosynthesis can cause large diel (day–night)
fluctuation in DO and pH. DO concentrations and pH
values are at a diel minimum in early morning owing
to overnight respiration of algae and other benthic
organisms; in the afternoons, photosynthesis results in
diel maxima of DO and pH. Violations of Oregon
State standards for DO concentrations (minimum of
90-percent saturation) and pH (greater than 8.5) are
frequent, occurring daily in many parts of the river
owing to the diel metabolic cycle. In addition to caus-
ing water-quality problems, periphyton is a nuisance
in the summertime along the South Umpqua River,
hindering recreation and irrigation withdrawals and
causing offensive odors as the algae decay.

In 1990, Douglas County entered into a co-
operative agreement with the U.S. Geological Survey
to assess nutrients, water quality, and algal condi-
tions in the South Umpqua River. Data from that
study have been published in two annual data reports

(U.S. Geological Survey, 1992, 1993). In addition,
the complete data set and methods of data collectio
have been published (Anderson and others, 1994).
Information concerning stream velocity and reaeratio
coefficients also has been published (Laenen and Wo
1994).

Purpose and Scope

This final report, an assessment of the effects 
nutrient loading on the water quality of the South
Umpqua River, quantifies the role of algal metabolism
and presents management alternatives for improve-
ment of water quality. Specific objectives of this stud
were to (1) define existing DO concentrations and p
values, (2) predict DO concentrations and pH values
during alternate nutrient-management scenarios, an
(3) evaluate current bacteria and ammonia toxicity.

This report includes an interpretation of the
data collected by the U.S. Geological Survey during
summer periods of low flow (June through October)
from 1990 to 1992. Biological and chemical water-
quality characteristics of streams and WWTP effluen
in the South Umpqua River Basin were measured.
Samples of periphytic algae were collected for speci
identification and analysis of biomass and nutrient
content. Data on streamflow, channel characteristics
and incident light were collected at several sites.
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DESCRIPTION OF STUDY AREA

The South Umpqua River Basin of southwestern
Oregon (fig. 1) has an area of 1,762 mi2 (square miles)
and ranges in elevation from about 6,800 feet above
sea level in the eastern part to 380 feet above sea level
at the mouth of the South Umpqua River. The South
Umpqua River flows about 106 miles from its headwa-
ters to the confluence with the North Umpqua River,
northwest of Roseburg. From the headwaters to Tiller,

the South Umpqua River flows southwestward for
about 28 miles and drains the Umpqua National
Forest. The river then flows westward from Tiller to
Canyonville for 24 miles; the river valley gradually
widens downstream from Days Creek. From
Canyonville, the South Umpqua River flows north
for 54 miles, at a reduced gradient, until joining the
North Umpqua River. Hydrology, population, and land
use in the Umpqua River Basin have been describe
by Rinella (1986).

Geology and Climate

The South Umpqua River Basin lies in three dis
tinct geological provinces (Ramp, 1972). The easter
part of the basin (the part upstream from Tiller, whic
is mostly National Forest) is in the Western Cascade
Province. The eastern part is underlain by Tertiary
volcanic rocks that include silicic vent complexes,
basaltic lava flows, tuffs, and Tertiary sedimentary an
volcaniclastic rocks (Walker and MacLeod, 1991).
The central part of the basin—the area between Till
and Winston—is in the Klamath Mountains Province
lower Cretaceous and upper Jurassic sedimentary a
volcanic rocks are prevalent. Ultramafic and related
Jurassic rocks, locally altered to serpentine, form th
site of a nickel mine near Riddle. The South Umpqu
River Basin from Winston northward is in the Coast
Range Province; rocks in this province include Ter-
tiary marine sandstone, siltstone, and conglomerate
as well as some Tertiary volcanic and related rocks.

The climate in the South Umpqua River Basin
generally is mild and characterized by dry summers
and wet winters. The basin lies within the climato-
logical division of Oregon’s southwestern valleys.
The average annual precipitation for 1951–80 for the
southwestern valleys was 35.78 inches; precipitation
for those years averaged 5.97 inches (17 percent of
annual precipitation) during the 5-month period from
June through October. The June-through-October
precipitation for the southwestern valleys during 1990
1991, and 1992 was 6.88, 4.93, and 7.33 inches,
respectively (National Oceanic and Atmospheric
Administration, 1991, 1992, and 1993). Although the
summer precipitation in 1990 and 1992 was greater
than the 1951–80 average, the South Umpqua Rive
Basin, as well as much of the State of Oregon, was 
the sixth year of drought in 1992. Accordingly,
streamflows were low in 1991 and 1992.
3
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Figure 1. The South Umpqua River Basin, Oregon, and the location of synoptic sampling sites for 1990–92.
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Hydrology

The hydrologic characteristics of the South
Umpqua River Basin are illustrated by the 1992 hydro-
graphs of the South Umpqua River at Tiller, Cow
Creek near Riddle, and the South Umpqua River near
Brockway (fig. 2). The streamflow-gaging station on
South Umpqua River at Tiller measures flow
from the upper part of the basin (upstream from Cow
Creek), and the streamflow-gaging station on South
Umpqua River near Brockway site measures flow
from most of the South Umpqua River Basin drainage.
Cow Creek is the largest tributary to the South
Umpqua River. Cow Creek’s contribution to stream-
flow in the lower South Umpqua River is especially
important during drought years. Streamflow at the
South Umpqua River near Brockway station ranged
over three orders of magnitude in 1992, from less than
100 ft3/s in August to more than 10,000 ft3/s in
December (U.S. Geological Survey, 1992, 1993).

The release of water from Galesville Reservoir
in the summer of 1992 was important to the lower
South Umpqua River (fig. 2). Beginning in early

August, discharge in Cow Creek near Riddle remaine
nearly constant at approximately 50 ft3/s, whereas
discharge in South Umpqua River near Tiller con-
tinually decreased to a minimum of 27 ft3/s. In August
and September, the 50 ft3/s supplied by Cow Creek
accounted for over one-half of the flow (approximatel
80 ft3/s) in the South Umpqua River near Brockway.
These data indicate that water-quality problems ass
ciated with low-flow conditions in the lower South
Umpqua River could be even more severe without flo
augmentation.

Land Use and Water Use

In the Umpqua River Basin, which includes the
North Umpqua River Basin and the South Umpqua
River Basin, the dominant category of land use is
forest. According to the Oregon Water Resources
Department (1978), forest constitutes 88.9 percent o
the Umpqua River Basin in Douglas County. The nex
largest categories of land use are range (5.9 percen
and irrigated and nonirrigated agriculture (1.7 and
1.6 percent, respectively).
5

Figure 2. Daily mean discharge at three streamflow-gaging stations in the South Umpqua River Basin, Oregon, 1992.
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Except for small areas of irrigated cropland
and residential use, forest is virtually the sole cate-
gory of land use in the South Umpqua River Basin
east of Canyonville. West of Canyonville, irrigated
agricultural land generally is found adjacent to the
South Umpqua River and Cow Creek. According
to T.M. Broad, U.S. Geological Survey (unpub. data,
1992), 8,300 acres in the South Umpqua River Basin
are irrigated cropland. Much of the rangeland and
nonirrigated cropland is located on rolling hills.

As of July 1, 1991, the population of Douglas
County (which contains the North Umpqua River
and Umpqua River Basins in addition to the South
Umpqua River Basin) was 96,100 (Center for Popula-
tion Research and Census, 1992). The largest towns in
the South Umpqua River Basin are adjacent to either
the South Umpqua River or Cow Creek. The largest
town in the South Umpqua River Basin is Roseburg,
with a population of 17,900. Other towns with popula-
tions over 1,000 are Winston (3,805), Myrtle Creek
(3,100), Canyonville (1,225), and Riddle (1,140).

Water used in the South Umpqua River Basin
is primarily surface water. Ground-water use is not
prevalent because most of the basin is underlain by
relatively impermeable aquifer units (Robison and
Collins, 1978; Rinella, 1986). Total offstream with-
drawals for 1990 were 21.41 Mgal/d (million gal-
lons per day) (T.M. Broad, U.S. Geological Survey,

unpub. data, 1992). Irrigation withdrawals were
13.83 Mgal/d, of which 98 percent was surface wate
Domestic use was 6.85 Mgal/d and industrial use w
2.79 Mgal/d. In 1990, an estimated 99 percent of the
48,990 people who used public water supplies in the
South Umpqua River Basin used surface water.

Wastewater-Treatment Plants

Eight WWTPs (Tiller Ranger Station, Milo
Academy, Glendale, Canyonville, Winston-Green,
Roseburg, Riddle, and Myrtle Creek) discharge
effluent in the South Umpqua River Basin (table 1).
The Tiller Ranger Station and Milo Academy
facilities are small and have effluent discharges that
constitute less than 0.5 percent of the summer low
flow of the South Umpqua River. The Tiller Ranger
Station WWTP uses tertiary treatment with alum
(aluminum sulfate) for phosphorus removal. For thes
reasons, the WWTP sampling discussed later in this
report did not include the Tiller Ranger Station or
Milo Academy facilities. The Glendale WWTP, on
Cow Creek, was sampled only once during a recon-
naissance sampling trip in 1990, because the Glen-
dale WWTP discharge was outside of the study are
Sampling near the town of Riddle provided adequat
information regarding the quality of water discharge
from Cow Creek to the South Umpqua River.
6

Table 1. Wastewater-treatment plants in the South Umpqua River Basin, Oregon
[River miles in Cow Creek and Myrtle Creek are measured from the mouths of the streams; Mgal/d, million gallons per day;
RM, river mile; EACS, extended aeration with chemical and physical stabilization; AS, activated sludge with constant stabilization;
RBC, rotating biological contactors; TF, trickling filter; ‘--’, missing data; source: Umpqua Regional Council of Governments, 1985]

Wastewater-treatment plant

Estimated service Design
Receiving stream

and
 river mile

Population
(1991)

Area
(acres)

Capacity
(population)

Dry weather
flow (Mgal/d)

Type and year
built

Tiller Ranger Station 100 -- 300 0.03 EACS-1972 South Umpqua
(RM 187.2)

Milo Academy 325 -- 450 .03 LG-1969 South Umpqua
(RM 181.5)

Canyonville 1,225 326 2,700 .50 AS-1978 South Umpqua
(RM 163.0)

Glendale 715 240 2,000 .39 AS-1977 Cow Creek
(RM 41.0)

Riddle 1,140 387 2,500 .25 AS-1976 Cow Creek
(RM 2.0)

Myrtle Creek 3,100 2,212 10,000 .96 AS-1973 Myrtle Creek
(RM 0.1)

Winston-Green 8,000 2,302 10,000 1.60 RBC-1981 South Umpqua
(RM 132.6)

Roseburg Urban Sanitary
Authority

21,500 7,110 30,000 7.90 TF-1986 South Umpqua
(RM 119.5)



g

a

ly

t

r
,
r

-
8).
The remaining five WWTPs (table 1) are the
largest and discharge significant volumes of second
arily treated effluent—either directly into the South
Umpqua River (Canyonville, Winston-Green, and
Roseburg WWTPs) or immediately upstream from th
mouths of South Umpqua River tributaries (Riddle an
Myrtle Creek WWTPs). During the summers
of 1991 and 1992, the Canyonville WWTP usually
was operated to maximize nitrogen removal, thereb
reducing the effluent concentrations of ammonia an
nitrate (Jim Layton, City of Canyonville, oral com-
mun., 1992). Nitrification also was maximized at
the Riddle WWTP during the summer months
(Eric Quinn, City of Riddle, oral commun., 1992). The
Winston-Green WWTP used single-stage alum flocc
lation as a method for removal of materials that cau
biochemical oxygen demand (BOD), (Gary Gent,
Douglas County, oral commun., 1992), which also
lowered the concentrations of phosphorus in the
effluent. No other types of advanced (beyond secon
ary) treatment were used at any of the five largest
WWTPs. Because the WWTPs in the South Umpqu
River Basin are progressively larger downstream, in
accordance with population patterns, the cumulative
effects of their effluent discharges were a primary
focus of this study. Most WWTPs do not operate to
the full design capacities specified in table 1. For
example, the median discharges in the summer of
1992 from the Canyonville, Winston-Green, and
Roseburg WWTPs were approximately 0.14, 0.83, an
3.5 Mgal/d, respectively.

APPROACH AND METHODS

The purposes of this study included the asses
ment of nutrient loading and algal metabolism and
of their effects on water quality in the South Umpqu
River. Achieving this goal involved several tasks tha
are described herein and detailed by Anderson and
others (1994). Reconnaissance by canoe provided d
on stream morphology and algal habitat and aided i
the selection of sites used for water-quality sampling
DO, pH, and bacterial populations were measured t
assess the spatial and temporal variability of each.
Nutrient data were used to indicate point and nonpoi
sources in the South Umpqua River Basin and to
quantify nutrient loading and mass balance of
nutrients. Hourly DO measurements were used to
quantify aquatic-community metabolism. The rela-
tions between aquatic-community metabolism and
7
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nutrients, in turn, were used to evaluate the possible
effects of nutrient reduction on DO and pH in the
South Umpqua River Basin.

Sample Collection and Analysis

Sites for water-quality sampling, as well as
selected tributaries and point sources, are listed in
table 2 and shown in figure 3. Latitude and longitude
for sampling sites were determined from USGS
7-1/2-minute-series topographic maps (scale
1:24,000). River miles (RM) for sampling sites
were taken from the Columbia Basin Inter-Agency
Committee (1966) and from Oster (1972).

Water-quality samples were collected for
(1) synoptic surveys (fig. 1), (2) fixed-station samplin
(fig. 4), and (3) diel inflow/outflow sampling (fig. 5).
Synoptic surveys involve sampling many sites within
brief period of time to provide a “snapshot” of basin
conditions. Synoptic surveys were done in the South
Umpqua River Basin during steady-state flow condi-
tions in order to calculate mass balance of water-
quality constituents and to identify problem areas
relative to DO and pH. Fixed stations included
(1) streamflow-gaging stations, (2) sites with record-
ing multiparameter monitors, (3) sites sampled week
or biweekly in the summer of 1992, and (4) WWTPs
sampled twice weekly for effluent in the summer of
1992. Estimates were made of temporal variability
of streamflow and water quality by using data from
fixed stations. Diel inflow/outflow sampling was
conducted over 24-hour periods to determine day-
night fluctuations in water quality, DO, and other
parameters. Sites selected for diel inflow/outflow
sampling were upstream and downstream from poin
sources in three 5- to 10-mile-long reaches of the
South Umpqua River.

Three types of biological data were collected fo
this study: (1) periphytic-algae samples for biomass
species identification, and nutrient content, (2) wate
samples for fecal-streptococcal and fecal-coliform
bacteria, and (3) samples for the identification and
enumeration of macroinvertebrates.
nt The methods used for collection and analysis
of water samples, biological samples, and stream-
flow data followed standard USGS techniques.
Water samples were collected using the equal-width-
increment (EWI) technique to obtain depth- and width
integrated water samples (Edwards and Glysson, 198
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River mile
Site use

code

" 192.8 S

" 192.6 S

" 187.3 S, G

" 187.0 S, G

" 170.0 S, F, D, G

" 169.9 S

" 166.8 D

" 165.3 D

" 162.9 S

" 162.6 S

" 158.9 S

" 158.9 S

" 158.9 S, F, G

" 158.9 S

" 156.0 S, D

" 150.7 S

" 151.3 S, F, D

" 149.7 S, D

" 146.6 D

" 145.2 D

" 143.3 S, D

" 141.5 S

" 138.7 S

" 138.6 S
Table 2. Sampling sites in the South Umpqua River Basin, Oregon, 1990–92
[Map reference number is sampling location (see figures 1, 4, and 5); °, degrees; ’, minutes; ", seconds; RM, river mile,
measured from mouth; S, synoptic site; D, diel inflow/outflow site; F, fixed station; G, State of Oregon streamflow-gaging station]

Map
reference
number Station number Station name Latitude Longitude

1 14307698 South Umpqua River above Jackson Creek near Tiller 42°58’12" 122°52’42

2 14307700 Jackson Creek near Tiller 42°57’15" 122°49’40

3 14308000 South Umpqua River at Tiller 42°55’50" 122°56’50

4 14308500 Elk Creek near Drew 42°53’25" 122°55’00

5 14308600 South Umpqua River at Days Creek 42°58’03" 123°09’59

6 14308700 Days Creek at Days Creek 42°58’23" 123°10’13

7 14308730 South Umpqua River below Packard Gulch near Days Creek 42°58’02" 123°13’29

8 14308740 South Umpqua River above Morgan Creek near Canyonville 42°57’02" 123°14’13

9 14308905 Canyon Creek at Hamlin Road at Canyonville 42°56’04" 123°16’38

10 14308910 South Umpqua at Canyonville 42°56’38" 123°17’03

11 14309000 Cow Creek near Azalea 42°49’30" 123°10’40

12 14309300 Cow Creek at Reuben 42°44’07" 123°29’30

13 14310000 Cow Creek near Riddle 42°55’25" 123°25’40

14 14310510 Unnamed tributary to Cow Creek at Riddle 42°57’00" 123°21’28

15 14310550 South Umpqua River at Missouri Bottom Bridge at Tri City 42°58’24" 123°20’46

16 14311100 Myrtle Creek at Myrtle Creek 43°01’24" 123°17’18

17 14311105 South Umpqua River at Myrtle Creek 43°01’21" 123°17’46

18 14311110 South Umpqua River near Myrtle Creek 43°01’50" 123°18’57

19 14311115 South Umpqua River at Ruckles 43°03’32" 123°20’04

20 14311120 South Umpqua River below I-5 Bridge near Ruckles 43°03’52" 123°21’32

21 14311140 South Umpqua River above Mary Moore Bridge near Round Prairie 43°04’49" 123°22’00

22 14311160 South Umpqua River at RM 141.5 near Dillard 43°04’51" 123°23’07

23 14311170 South Umpqua River at Dillard 43°06’10" 123°26’00

24 14311172 Effluent, Roseburg Forest Products, near Dillard 43°06’13" 123°26’03
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3°27’50" 137.0 S, G

3°23’50" 132.8 S, F, D, G

3°24’18" 132.3 D

3°24’57" 131.6 S, D

3°23’40" 130.0 D

3°21’40" 126.8 S

3°22’05" 126.6 S, D

3°20’50" 123.4 S

3°20’31" 123.0 S

3°22’34" 121.6 S

3°23’36" 119.6 S

3°24’45" 118.0 S, F

3°24’46" 116.6 S

3°26’25" 112.2 S

3°20’25" 158.5 G

3°20’25" 154.9 D

3°19’36" 154.0 D

3°22’12" 147.8 D

3°20’41" 146.0 D

3°24’34" 130.9 D

3°20’14" 158.9 S

3°25’44" 158.9 S

3°16’57" 163.0 S, F

3°21’20" 158.9 S, F

3°17’47" 150.7 S, F, D

3°24’01" 132.6 S, F, D

3°23’43" 119.5 S, F

Table 2. Sampling sites in the South Umpqua River Basin, Oregon, 1990–92—Continued
[Map reference number is sampling location (see figures 1, 4, and 5); °, degrees; ’, minutes; ", seconds; RM, river mile,

de River mile
Site use

code
25 14311500 Lookingglass Creek at Brockway 43°07’50" 12

26 14312000 South Umpqua River near Brockway 43°08’00" 12

27 14312002 South Umpqua River below Treatment Plant near Brockway 43°08’18" 12

28 14312005 South Umpqua River near Winston 43°08’39" 12

29 14312010 South Umpqua River at Happy Valley Road near Roseburg 43°09’38" 12

30 14312060 South Umpqua River at Shady near Roseburg 43°10’31" 12

31 14312070 South Umpqua River at Oaks near Roseburg 43°10’44" 12

32 14312150 South Umpqua River at Roseburg 43°12’45" 12

33 14312210 Deer Creek at mouth at Roseburg 43°12’54" 12

34 14312251 South Umpqua River at Stewart Park at Roseburg 43°12’58" 12

35 14312258 South Umpqua River above sewage-treatment plant at Roseburg 43°12’45" 12

36 14312260 South Umpqua River near Roseburg 43°13’20" 12

37 14312261 South Umpqua River at Melrose Road 43°14’26" 12

38 14312350 South Umpqua River near Melrose 43°15’45" 12

39 4256451232025 South Umpqua River near Riddle 42°56’45" 12

40 4259191232025 South Umpqua River at RM 154 near Riddle 42°59’19" 12

41 4259351231936 South Umpqua River at RM 154 near Tri City 42°59’35" 12

42 4304111232212 South Umpqua River near Boomer Hill Road 43°04’11" 12

43 4303531232041 South Umpqua River at RM 146 above I-5 Bridge near Ruckles 43°03’53" 12

44 4309061232434 South Umpqua River above Happy Valley Road near Winston 43°09’06" 12

45 425640123201400 Cow Creek at mouth near Riddle 42°56’40" 12

46 424436123254401 Wastewater Treatment Plant, Glendale 42°44’36" 12

47 425602123165701 Wastewater Treatment Plant, Canyonville 42°56’02" 12

48 425705123212001 Wastewater Treatment Plant, Riddle 42°57’05" 12

49 430117123174701 Wastewater Treatment Plant, Myrtle Creek 43°01’17" 12

50 430812123240101 Wastewater Treatment Plant, Winston-Green 43°08’12" 12

51 431233123234301 Wastewater Treatment Plant, Roseburg 43°12’33" 12

measured from mouth; S, synoptic site; D, diel inflow/outflow site; F, fixed station; G, State of Oregon streamflow-gaging station]

Map
reference
number Station number Station name Latitude Longitu
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Jackson Creek

Elk Creek

Canyon Creek

Cow Creek

Galesville
Reservoir
(Dam)

Days Creek

Myrtle Creek

Deer Creek

North Umpqua River

192.8

192.6

187.3

186.3

170.0

166.8

165.3

163.0

162.9

162.6

158.9

158.5

156.0

154.9

154.0

151.3

149.7

147.8

146.6

146.0

145.2

143.3

141.5

138.7

137.0

132.8

132.3

131.6

130.9

130.0

126.8

126.6

123.4

123.7

123.0

119.6

119.5

118.0

116.6

112.2

111.7

132.6

150.7

169.9

14307698

14307700

14308000

14308500

Lookingglass Creek
14311500

14311110

4304111232212

14311115

4303531232041

14311120

14311140

14311160

14311170

14308600

14312000

14312002

14312005

4309061232434

14312010

14312060

14312070

14312150

431233123234301

14312251

14312210

14312258

14312350

14312260

14312261

430812123240101

1431000

14310550

4259191232025

4259351231936

14311105

14311100

430117123174701

14308730

14308740

14308905 14309000

14309300

424436123254401

14308910

425602123165701

425640123201400

425705123212001

4256451232025

14306700

132.8

14312060

14312260

14312002

14312000

Wastewater-treatment-plant discharge

Tributary inflow

Streamflow-gaging station

Diel study site

Fixed station

Synoptic sampling site

River mile�measured from mouth of 		

Umpqua River

EXPLANATION

Figure 3. Relative positions of selected tributaries, sampling sites, and selected point sources in the South Umpqua River
Basin, Oregon, 1990–92. (See table 2 for site description.)
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Figure 4. Fixed stations, wastewater-treatment plants, and streamflow-gaging stations, South Umpqua River Basin, Oregon, 1990–92.
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Figure 5. Diel sampling sites, South Umpqua River Basin, Oregon, 1990–92.
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Water-quality samples were analyzed at the USGS
National Water Quality Laboratory in Arvada, Colo-
rado, according to techniques described by Fishman
and Friedman (1989). Biological samples were col-
lected and analyzed according to Britton and Greeson
(1987). Streamflow was measured according to the
guidelines in Buchanan and Somers (1984). The
methods of Kennedy (1983) were used to develop
datum shifts for continuously collected streamflow
and water-quality data at fixed stations.

Because Oregon DO standards are for percent
saturation (State of Oregon, 1992), DO concentrations
are expressed in percent saturation in this report.
To compute DO in percent saturation, water tempera-
ture, DO (in milligrams per liter), and barometric pres-
sure were measured whenever possible. During diel
surveys and at the monitors near Roseburg and Days
Creek, water temperature, specific conductance, pH,
and DO were recorded continuously. Barometric
pressure was not measured continuously.

An equation based on elevation and water tem-
perature was used for computing the 100-percent
saturation value for oxygen in water when barometric
pressure was not measured (Duke and Masch, 1973,
p. 91):

Cs = [(14.62 - 0.3898*T) + (0.006969*T2) (1)
– (5.897*10-5*T3)]*[1 - (6.97*10-6*E)]5.167

where
Cs = the concentration of DO at 100-percent

saturation, in milligrams per liter;
T = the water temperature, in degrees Celsius; and
E = the elevation, in feet above sea level.

Percent saturation of DO for field measure-
ment was then computed as the ratio of the measured
value andCs, multiplied by 100. Percent saturation
values calculated in this way were verified with per-
cent DO saturation values determined from barometric
pressure over a range of barometric pressures, eleva-
tions, water temperatures, and DO values (n = 476).
The difference in percent saturation as determined by
the two methods ranged from -2.14 to 2.16 percent,
with a mean difference of 0.64 and a standard devia-
tion of 0.64 percent. Using elevation data to determine
percent saturation of DO, therefore, was considered
an acceptable alternative.

Water-quality data were measured only in the
actively flowing parts of the channel and, therefore,

were not representative of the water quality in all
microhabitats of the South Umpqua River. DO, pH,
water temperature, and specific conductance were
measured at equidistant points across the actively
flowing stream cross section using a portable instru
ment, and the values were averaged. In many cases
mats of aquatic plants along the edges of the river
slowed the flow. Within a mat, afternoon values for
DO, pH, and water temperature frequently were ele
vated relative to other parts of the cross section.
For example, the following measurements were
made in a mat of aquatic plants at RM 151.3 on
September 18, 1991, at 1320 hour: DO, 9.2 mg/L
(milligrams per liter); pH, 8.5; and temperature,
22.9°C (degrees Celsius). The average values of nin
measurements in the actively flowing part of the sam
station at RM 151.3 were DO, 8.1 mg/L; pH, 8.1; an
temperature, 21.3°C. Small diffusion gradients near
the photosynthesizing plants probably were respons
ble for high values of DO and pH; decreased velocit
combined with the heat storage capacity of the plan
mass probably caused the higher temperatures of th
water. Conversely, early morning values for DO and
pH in the mats were, at times, lower than in the mai
channel. Therefore, ranges of DO, pH, and water te
perature in individual microhabitats may be more
extreme than those of the average values reported.

Quality Assurance

Quality-assurance data were published in
tables 33 and 34 of Anderson and others (1994). Sp
(replicate) samples were used to assess laboratory
precision. Field blanks and laboratory blanks were
used to assess potential contamination in the field
and laboratory, respectively. Reference samples
provided an indication of the accuracy of laboratory
determinations.

Split samples are subsamples taken from the
same composited water sample as the environment
subsample. Differences between environmental and
split samples, therefore, reflect the combined precisio
of sample processing in the field and analysis in the
laboratory. Forty-eight split samples (23 from stream
or rivers and 25 from WWTPs) containing a wide
range of nutrient concentrations were submitted for
most analytes. To evaluate the precision of data from
split samples, a relative standard difference (rsd) wa
calculated. Because the environmental sample valu
13
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and the split sample value have no inherent distinc-
tions, the absolute value of the difference was com-
pared to the mean of the values:

rsd =  |(environmental value) – (split value)|/ (2)
{[( environmental value) + (split value)]/2} × 100.

In figure 6, the rsd’s are plotted against the
means of the environmental and the split values for
total phosphorus (TP), soluble reactive phosphorus
(SRP), dissolved nitrite plus nitrate (NO2

-  + NO3
- ),

dissolved nitrite (NO2
- ), dissolved ammonia (NH4

+ +
NH3), and total ammonia plus organic nitrogen (total
Kjeldahl nitrogen [TKN]). Analytical precision gener-
ally was less at concentrations near the lower level of
detection. The graphs for TP, SRP, and NO2

- + NO3
-,

indicate that trend. For those three analytes, rsd values
more than 100 percent were near the lower limit of
detection.

For NO2
-, ammonia, and TKN, there was one

rsd for each that was greater than 100 percent for a

concentration that was not near the lower limit of
detection (fig. 6). Each of these samples was from
Roseburg WWTP effluent, which frequently had larg
concentrations of several analytes. The three
anomalous data values were not used in subsequen
calculations of nutrient loadings. Each anomalous
point represents only about 2 percent of the total
number of split samples.

For most analytes, precision was generally
within the 1 mg/L range. A frequency distribution of
the absolute difference between the concentration in
the environmental sample and the concentration in t
split sample was analyzed. The 95th percentile of
these differences for each analyte, in milligrams per
liter, was as follows: TP, 0.4; SRP, 0.4; NO2

- + NO3
-,

1.0; NO2
-, 0.1; ammonia, 0.4; and TKN, 3.8.

Data from the analysis of field blanks and
laboratory blanks were used to assess potential
sample contamination. Distilled-deionized water
was used for both types of blanks. Water for the fiel
blanks was subsampled, filtered, and preserved in t
field in the same manner as a water-quality sample.
14
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Figure 6. Nutrient quality-assurance data. (Sample size equals 48.)
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Figure 6 . Nutrient quality-assurance data—Continued.
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Water for laboratory blanks was transferred to sample
bottles in the U.S. Geological Survey Oregon District
laboratory and preserved. Any detection of an analyte
in these samples would indicate contamination from
either the field techniques, the National Water Quality
Laboratory, or the distilled-deionized water source.
Eight field and five laboratory blanks were run for
most analytes. One analyte, ammonia, was detected in
more than one-half of the field and laboratory blanks;
blanks for the other analytes had no significant con-
tamination. All 8 field blanks and 3 of the 5 laboratory
blanks had detectable ammonia. The minimum report-
ing limit for ammonia is 0.002 mg/L as nitrogen (N).
The highest concentration of ammonia detected in a
field blank was 0.015 mg/L, and the highest con-
centration of ammonia in a laboratory blank was
0.014 mg/L. The consistent detection of ammonia
in field and laboratory blanks possibly was due to
impurities in the distilled-deionized water or to con-
tamination at the National Water Quality Laboratory.

A total of 14 reference samples were prepared
and submitted to the National Water Quality Labora-
tory in 1991 and 1992. The reference samples con-
tained known concentrations of nutrients that were
within the range of values reported by the National
Water Quality Laboratory for water samples from
the South Umpqua River Basin, including WWTP-
effluent samples. For the reference samples, the rsd
was calculated as:

rsd =  [(measured value) – (3)
(expected value)] / expected value×  100

The median rsd for each analyte was as follows:
NO2

- + NO3
-, -3.09 percent; ammonia, 1.72 percent;

TKN, 0 percent; TP, -2.13 percent; dissolved phos-
phorus, 2.04 percent; and SRP, -4.60 percent. The
rsd’s for two analytes in one reference sample were
larger than 100 percent or smaller than -100 percent.
These were ammonia (rsd = 942 percent) and TKN
(rsd = 250 percent). Because these two results were
from the same reference sample, it is possible that
a sample mix up or dilution error occurred for that
sample.

In summary, quality-assurance data indicated
that water-quality data collected for this study was
of acceptable quality for the range of analyte con-
centrations found in the South Umpqua River Basin.
Exceptions were single anomalies in split samples for
NO2

-, ammonia, and TKN. Most field and laboratory
blanks had small but detectable concentrations of

ammonia that may have resulted from using contam
nated distilled-deionized water. Single anomalies we
detected for standard reference samples for ammon
and for TKN.

OVERVIEW OF ECOLOGICAL
CONDITIONS

As the South Umpqua River descends from
its headwaters in the Umpqua National Forest, it
changes from a narrow stream in a steep canyon to
broad river running through agricultural and urban
areas. During low-flow periods, releases of water
from Galesville Reservoir on Cow Creek may supply
50 percent or more of the flow in the lower South
Umpqua River (fig. 2). The hydrological and ecologi
cal dynamics of the river change with the topograph
and land use. The river ecosystem also changes se
sonally and with river discharge, especially during
summer low flows.

There is a downstream continuum of increasin
algal growth and eutrophication during summer as th
South Umpqua River flows from the Umpqua Nationa
Forest towards the mouth near Roseburg. The head
waters generally are clear, attached algal growth in
most places is limited, concentrations of nutrients ar
low (SRP frequently less than 0.01 mg/L), and wate
temperatures are cool. In contrast, nearer to the mou
of the South Umpqua River there are large and per-
vasive mats of periphyton, large amounts of sloughe
and decaying algae drifting downstream, and warm
water temperatures. Urban areas are progressively
larger in a downstream direction and, correspondingl
water-quality conditions in the river become increas
ingly eutrophic. In the South Umpqua River, there
are few natural controls on algal growth. Grazing by
native and introduced fish on periphyton is not sig-
nificant (D.W. Loomis, Oregon Department of Fish
and Wildlife, oral commun., 1994).

The patterns of violations of Oregon water-
quality standards for DO and pH in the South Umpqu
River essentially mirror each other; with few excep-
tions, the locations where DO concentrations were b
low the 90-percent saturation standard were the sam
locations where the pH values exceeded the standa
of 8.5 (fig. 7). Furthermore, a large deviation from
the DO standard usually was associated with a larg
deviation from the pH standard.
16
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Total phosphorus concentration

Soluble reactive phosphorus concentration

State standard

State standard

Ammonia-nitrogen concentration

Nitrite-nitrogen concentration

110200 110120130140150160170180190
RIVER MILE

Soluble reactive phosphorus load

Dissolved inorganic nitrogen load

Calculated Flow

Mean periphyton biomass during August and September, 1992
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Figure 7. Calculated discharge, dissolved oxygen concentration (DO), pH, biomass, nutrient concentration, and changes
in nutrient load in the South Umpqua River, Oregon, August 31–September 2, 1992. (Load change is measured from the
site upstream of a given location; negative values indicate a sink; positive values indicate a source. Dissolved inorganic
nitrogen is calculated as the sum of the concentrations of dissolved nitrate + nitrite and dissolved ammonia.)
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Exceedances of the DO and pH standards occur
and large mats of periphytic algae extend almost
throughout the entire 80-mile length of the South
Umpqua River, from the Umpqua National Forest
upstream from Jackson Creek at RM 192.8 to the con-
fluence with the North Umpqua River near Roseburg
at RM 111.7. These conditions were unexpected,
because the absence of known point sources of nutri-
ents led to the initial expectation that algal growth
upstream from Tiller would be minimal or nonexistent
and that there would be no exceedances of the DO and
pH standards at these sites. The broad distribution of
algae and the impairment of water quality prevented
the establishment of a reference site which was needed
to define natural background conditions in the river.

Sites with significant growths of periphytic
algae generally had exceedances of DO or pH stan-
dards at some time during the day (fig. 7). In some
reaches of the river, the primary controls on DO and
pH are physical factors such as temperature and
stream reaeration, with a secondary effect from per-
iphytic algae; in other reaches, the diel and seasonal
patterns of DO and pH cycling probably are controlled
almost entirely by the metabolism of the local benthic
community (including periphyton). Other influences
on the DO regime of the river, such as BOD and nitrifi-
cation, have minimal control in most locations.

There are seasonal effects on the timing of DO
and pH problems. Although figure 7 shows elevated
pH and depressed DO throughout most of the length of
the river, the values for these constituents typically are
less extreme earlier in the summer, minimizing the
occurrence and magnitude of exceedances. Seasonal
effects include flow, water temperature, light avail-
ability, onset and the length of the algal growing
season, nutrient-source variability, and algal-growth
dynamics.

The water in the South Umpqua River is clear,
allowing effective light penetration. Measurements
of photosynthetically available radiation (PAR)
(wavelength = 400 to 700 nanometers) were made in
the river at a depth of about 2 feet at RM 132.3 and in
the air at the Winston-Green WWTP at RM 132.6.
These data were nearly identical; a regression of
values taken over a 24-hour period had a correlation
coefficient of 0.99 and a slope of 1.01. PAR values
were published in Anderson and others (1994,
tables 26 and 27).

The data on light available for photosynthesis,
along with the large width of the South Umpqua River

and lack of canopy cover, indicate that light avail-
ability probably does not significantly limit periphyton
growth in the summer. Limitation of periphyton
growth by light may occur sporadically where the
canopy cover is extensive, as in the headwaters, or
when periphyton mats are self-shading.

Periphyton act as an effective sink for nutrients
entering the South Umpqua River. Nutrient input
causes a distinct increase of algal activity immediate
downstream and results in the transfer of nutrients
from the water column to storage in algal tissue.
Consequently, in the first few miles below a nutrient
source, concentrations and loads of nutrients in the
water column decrease markedly. Assuming that
algal growth is nutrient limited, biomass and net pro
ductivity of the benthic community are expected to
decline in conjunction with decreasing nutrient loads
Where nutrient loads do not limit algal growth, the nu
trient profile may decrease over the length of the rea
until nutrient uptake reduces loads to limiting levels,
even though plant biomass and productivity remain
relatively steady. Successive nutrient uptake by dow
stream periphyton mats further decreases nutrient
loads, gradually limiting overall biomass, net produc
tivity, and magnitude of exceedances of the DO and
pH standards. This pattern is repeated for each occ
rence of a new nutrient source (fig. 7).

The first significant point source for nutrients
downstream from Elk Creek is the Canyonville
WWTP at RM 163.0 (fig. 7); algal conditions immedi
ately downstream (at RM 162.6) were not considere
to be at nuisance levels. Exceedances of Oregon
State standards for DO and pH have been recorded
at RM 162.6 on numerous occasions, however, indi-
cating that even small amounts of algae may adverse
affect DO and pH. Nuisance algal conditions were firs
observed downstream from the mouth of Cow Creek
(RM 158.9) and increased in severity below Myrtle
Creek and the Myrtle Creek WWTP (RM 151.3).
The final 2 miles of Cow Creek, downstream from th
Riddle WWTP, also were affected.

Large mats of filamentous periphyton were
prevalent downstream from Myrtle Creek (RM 150.7)
The reach from Myrtle Creek to the Dillard area
(RM 138.0) also had been affected; by late summer
of 1992, periphyton coverage of the riverbed near
Brockway (RM 132.8) was almost 100 percent. This
longitudinal extension of the affected reach may hav
been due to decreased algal uptake or growth rates
18
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to regeneration, all of which would allow the down-
stream transport of larger nutrient loads and thereby
increase the potential for growth as far downstream as
the Brockway site. Excess growth at the Brockway site
is noteworthy because the bed material is composed
almost entirely of gravel and fine-grained substrates
that normally are considered unsuitable for periphyton
growth owing to the instability of the stream bed. The
occurrence of large algal mats at the Brockway site
probably resulted from slow and stable water velocity
and abundant light and nutrients.

Between the Winston-Green WWTP
(RM 132.6) and the mouth (RM 111.7), the South
Umpqua River bed was almost completely covered
with algae. In places, photosynthetically produced
oxygen bubbles support floating algal mats that are
from 75 to 100 feet wide (Anderson and others, 1994,
tables 3, 4, and 5). Daytime water temperature, DO,
and pH are higher in these mats than in the center
of the river. Nutrient levels decrease between the
Winston-Green WWTP and the Roseburg WWTP
(RM 119.5) but still support a large amount of peri-
phyton. The Roseburg WWTP discharge further
elevates nutrient concentrations to the highest levels
measured in the river. Subsequent nutrient uptake,
resulting from the proliferation of algal mats down-
stream from Roseburg, reduces nutrient concentra-
tions. Nutrient concentrations continue decreasing
to RM 111.7—where the nutrient-poor waters of the
North Umpqua River join the South Umpqua River
and form the Umpqua River (fig. 7).

WATER-QUALITY CONDITIONS
OF CONCERN

Along much of the South Umpqua River, daily
metabolic cycles of the periphyton-dominated benth
community produced summertime pH values and
DO concentrations that did not meet water-quality
standards of the State of Oregon (State of Oregon,
1992) and the EPA (U.S. Environmental Protection
Agency, 1986). Because of algal growth during the
low-flow months (June through October), DO conce
trations frequently were less than the State standard
of 90 percent of saturation and the pH was frequent
greater than the State standard of 8.5 pH units (see,
example, fig. 8).

Bacteria also are a concern for water manage
of the South Umpqua River Basin. Disease-producin
bacteria can be associated with fecal contamination
from warm-blooded animals, including humans.
Fecal-coliform bacteria and fecal-streptococcal
bacteria are biological indicators of the disease-
producing potential of water that is used for drinking
or recreation. The presence of indicator bacteria
usually is interpreted as a potential health hazard.

Ammonia, often present in WWTP effluent, is
a soluble, biologically active compound commonly
present in natural waters as a biological degradation
product of nitrogenous organic matter. Ammonia
can be toxic to aquatic life, and ammonia toxicity
generally increases as pH and temperature increase
19
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Figure 8. Daily changes in dissolved oxygen concentration and pH from August 17 through August 24, 1991,
South Umpqua River near Roseburg, Oregon. (Because continuous barometric pressure data were not avail-
able, percent saturation of dissolved oxygen was calculated based upon elevation.)
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In the South Umpqua River Basin, ammonia toxicity i
primarily of concern downstream from the WWTPs,
because effluent from these WWTPs contains elevat
concentrations of ammonia and because algal prod
tivity can elevate pH.

During the summer, the high temperatures of
the South Umpqua River may adversely affect some
aquatic life. Water temperatures as high as 30°C were
measured during June, July, and August of 1992 in
the South Umpqua River. The spatial distribution of
these elevated temperatures was widespread, exten
ing from RM 170.0 to RM 116.6.

Dissolved Oxygen

DO is vital to most aquatic life, including fish
and aquatic microorganisms responsible for aerobic
degradation of organic matter. The equilibrium con-
centration of DO in a stream is equivalent to 100-
percent saturation and is a function of water temper
ture and barometric pressure. The EPA DO criterion
for the early stages of cold-water aquatic life permits
1-day DO minimum of 8.0 mg/L (U.S. Environmental
Protection Agency, 1986). Oregon State standards f
the protection of freshwater aquatic life in the Umpqu
River Basin specify that “*** dissolved oxygen con-
centrations shall not be less than 90 percent of satu
tion at the seasonal low [State of Oregon, 1992].”

Sources of DO in a stream include photosyn-
thesis and physical reaeration by atmospheric oxyge
DO can be depleted by plant and animal respiration
aerobic degradation of organic matter by bacteria,
and nitrification. Nitrification is the oxidation of
ammonia to nitrite and, ultimately, to nitrate. In the
South Umpqua River Basin, the extreme daily fluctu
tions of DO indicate that photosynthesis is an impor
tant process. DO concentrations can change as mu
as 10 mg/L over the course of several hours at Sout
Umpqua River near Roseburg (RM 118.0) (fig. 8).

Photosynthesis and respiration by aquatic plan
can play important roles in controlling DO in surface
waters (Wetzel, 1983; Welch, 1992). Photosynthesis
(eq. 4) produces maximum DO values in the late
afternoon. Overnight respiration by aquatic plants,
bacteria, and animals consumes oxygen, causing ea
morning minima of DO. Carbon dioxide (CO2), which
is involved in the carbonate equilibrium (eq. 5), affect
the pH.
20
s

ed
uc-

6 CO2 + 6 H2O C6H12O6 + 6O2

CO2 + H2O

(4)

(5)
HCO3

- + H+ CO3
2- + 2H+

photosynthesis

respiration
d-

a-

a

or
a

ra-

n.
,

a-
-
ch
h

ts

rly

s

Daily minima for DO were measured between
0500 and 0900 hours. (Ninety-seven percent of the
diel measurements made in 1991–92 indicated that
DO minima occurred between 0500 and 0900 hours
In addition to daily fluctuations, DO also varied sea-
sonally and spatially. Minima and maxima of percen
saturation of DO from synoptic surveys in 1990–92
are shown in figure 9.

The longitudinal profiles in figure 9 indicate that
DO concentrations for much of the South Umpqua
River did not meet the Oregon State standard of 90-
percent saturation during the summer. The magnitu
of the violation was dependent on time of year, flow,
and location. In early summer, algal growth was insu
ficient to cause significant violations of DO standards
During synoptic surveys in early summer (June 199
and May 1992), when flows were relatively high,
DO saturations of less than 90 percent were observ
only above Myrtle Creek (RM 151.3) and below the
Roseburg WWTP (RM 119.5). Below Roseburg, DO
concentrations were as low as 72 percent of saturatio
even in early summer.

As stream discharge decreased during the sum
mer, the affected area increased until, by August an
September of 1990, 1991, and 1992, DO in most of th
river downstream from Cow Creek (RM 158.9) was
less than the 90-percent saturation standard (fig. 9)
Because of drought in 1992, DO violations occurred
even at the Days Creek reach in June, August, and
September. The minimum saturation recorded during
synoptic survey was 46 percent at the South Umpqu
River near Melrose Bridge site (RM 116.6). Data from
the continuous monitor at South Umpqua River nea
Roseburg (RM 118.0), however, indicate that DO
downstream from the Roseburg WWTP dropped to 
low as 8.5 percent saturation on July 31, 1992, and
declined to levels of less than 40 percent on a daily
basis from July 27 to August 19, 1992 (fig. 10).

Although DO was not less than 90 percent of
saturation in most of the upper South Umpqua Rive
Basin (upstream from RM 151.3) in the early sum-
mer, many of the early morning observations were
close to 90 percent, even at Tiller (RM 187.3) and
in the Umpqua National Forest (RM 192.8) (fig. 9).
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Figure 9. Daily minimum and maximum dissolved oxygen concentrations for synoptic surveys in the South Umpqua River,
Oregon, during 1990–92. (The Brockway gaging station is located at river mile 132.8.)
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Figure 9. Daily minimum and maximum dissolved oxygen concentrations for synoptic surveys in the South Umpqua River,
Oregon, during 1990–92—Continued.
It is probable that DO violations occurred in these up
stream reaches in early summer, even though the vi
tions were not observed. During synoptic surveys, th
median value of DO saturation minima observed was
80.5 percent; 95 percent of the observations were le
than 92-percent saturation. Therefore, the Oregon St
standard of 90-percent saturation probably was not m
consistently, except in a few locations.

One exception was at the South Umpqua River
near Myrtle Creek site (RM 149.7), where minimum
DO was usually greater than 90-percent saturation.
This site, located downstream from Myrtle Creek and
the effluent of the Myrtle Creek WWTP, lies within a
reach of the South Umpqua River significantly affecte
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by nuisance algae. Extensive areas of the riverbed a
frequently covered by thick, bubbly mats of periphytic
algae, even in the early summer; however, DO lowe
than 90-percent saturation was observed only durin
the diel surveys in August and September 1992.

The higher concentrations of DO near Myrtle
Creek may have been caused by the steep gradient
of the reach (18.5 feet per mile of river), compared
with the gradient of the reach immediately upstream
(4.9 feet per mile from South Umpqua River near Mis
souri Bottom to South Umpqua River at Myrtle Creek
and the gradient of the reach downstream (9.9 feet
per mile from South Umpqua River near Myrtle Cree
to South Umpqua River at Ruckles) (Oster, 1972).
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Figure 10. Daily minimum and maximum dissolved oxygen concentrations at five sites in the South Umpqua River Basin,
Oregon, 1992—Continued.
The steep gradient increases the number of riffles
(Anderson and others, 1994, table 3), causing reaer
tion to be greater than in pools (Kilpatrick and other
1989; Laenen and Woo, 1994) and helping maintain
higher concentrations of DO.

Seasonal change in DO saturation for five fixe
stations is shown in figure 10. Data for the South
Umpqua River at Days Creek and near Roseburg we
from unmanned recording instruments from which
barometric pressure was not available; therefore, pe
cent-saturation data for these graphs were calculate
by using equation 1. Other measurements were ma
weekly or biweekly. Daily minima and maxima were
determined as described above for synoptic surveys
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At the South Umpqua River at Days Creek site,
after reaching a minimum in late June, daily minimum
and maximum percent saturation of DO gradually in-
creased. These changes may have been due in part to
decreasing water temperature after June 26, 1992
(Anderson and others, 1994), which would allow mor
oxygen to dissolve. Daily minimum water temperature
for Days Creek was highest on June 24, 1992, reach
25°C; the minimum DO at Days Creek for the entire
summer was 76 percent of saturation on June 26, 19
Although DO at Days Creek was rarely less than 85 pe
cent of saturation and did not have significant season
changes, minimum DO was less than 90 percent of
saturation for a significant part of the summer in 1992
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At the Days Creek site, which has a small amount o
periphyton, water temperature apparently exerts som
control on DO concentrations. The periphyton com-
munity at this site is characterized by diatoms, whic
have lower levels of primary productivity than fila-
mentous green algae (Anderson and others, 1994,
table 29).

At Cow Creek near Riddle, daily minimum
DO was less than 90 percent of saturation most of t
summer in 1992 (fig. 10). The addition of effluent
from the Riddle WWTP and the resulting periphyton
growth immediately downstream from Riddle further
decreased DO. During synoptic surveys in 1991, pe
cent saturation of DO was consistently reduced dow
stream from Riddle, and Cow Creek was significant
undersaturated where it entered the South Umpqua
River. In late summer, Cow Creek supplies a signifi-
cant part of the flow to the lower South Umpqua Rive
as a result of releases from the Galesville Reservoir.
the late summer, therefore, Cow Creek contributes t
oxygen deficits downstream from its confluence with
the South Umpqua River at RM 158.9.
-
h

e-
L,
P,
Daily minimum percent saturation of DO at the
South Umpqua River at Myrtle Creek site (RM 151.3)
just upstream from Myrtle Creek, was less than
90 percent each time the river was sampled (figs. 9 a
10). Minimum DO was less than 80 percent of satura
tion six times in 1992 and as low as 74 percent on
August 5, 1992. The South Umpqua River at Myrtle
Creek site is in the reach immediately downstream
from Cow Creek, and DO in the river at the Myrtle
Creek site may be influenced by Cow Creek. The trav
time from Cow Creek to the Myrtle Creek site is grea
er than 14 hours at flows of 100 ft3/s (Laenen and Woo,
1994); therefore, it is not clear to what extent oxygen
depleted water is transported through the reach.
t

The South Umpqua River near Brockway
(RM 132.8) is located immediately upstream from th
Winston-Green WWTP and at the end of the longes
reach between known nutrient point sources in the
lower half of the river (17.9 miles from the Myrtle
Creek to Winston-Green WWTPs). Like the South
Umpqua River at Myrtle Creek, the Brockway site wa
visited twice each month during the summer of 1992
Minimum DO saturation was lower than the State
standard of 90 percent at only one sampling time,
when the saturation was 81 percent (fig. 10).
The streambed at Brockway is composed primarily
of gravel and loose rocks, which are unfavorable for
25
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periphyton attachment; consequently, no large mats
of periphyton were observed at the Brockway site
until late summer of 1992. In addition, nutrient loads
remained low at this site most of the summer. Desp
the lack of periphytic algae, large beds of macrophyte
(ElodeaandPotamogeton) grew along the edges of the
river at the Brockway site.

The most downstream fixed station in 1992
was on the South Umpqua River near Roseburg
(RM 118.0), where an electronic monitor recorded
water temperature, specific conductance, DO, and
pH every hour. Owing to equipment problems, DO
measurements were unreliable during several perio
in 1992. (One recurring problem was the clogging
of pump intakes by algal mats in the summer.) Larg
daily fluctuations in DO are evident in figure 10,
which shows extreme maximum and minimum perce
DO saturations of 192 and 8.5 percent, respectively
The shape of the DO minimum and maximum curve
indicate that the algal growing season below Rosebu
started as early as April 1992 and continued until la
October. Minimum DO was less than 90 percent eve
day from May 15 until after the first significant rain-
storm on November 8, 1992.

Because of river dilution, BOD attributable to
point sources probably does not contribute signifi-
cantly to DO problems in the South Umpqua River.
Using average effluent-flow rates from 1991 and
assuming, conservatively, that the effluent BOD con
centration is 10 mg/L (the permitted amount) for eac
WWTP, the increases in BOD in the South Umpqua
River (at a river discharge of 100 ft3/s) from the
Canyonville, Myrtle Creek, Winston-Green, and Ros
burg WWTPs would be 0.08, 0.1, 0.1, and 0.54 mg/
respectively. Even in the case of the Roseburg WWT
the potential BOD contribution is barely sufficient
to produce a significant decrease in DO in the river;
prorated over a 5-day period, it causes only about a
0.2 mg/L decrease in DO.

Measurements of 5-day BOD (BOD5) taken in
the South Umpqua River by the Oregon Departmen
of Environmental Quality (ODEQ) during the sum-
mers of 1988–90 (after the beginning of operation
of Galesville Reservoir and the reconstruction of the
Roseburg WWTP) indicated that BOD5 concentrations
ranged from 0.5 to 2 mg/L at several locations
between Days Creek (RM 170.0) and Melrose Road
(RM 116.6) (Greg Petit, Oregon Department of
Environmental Quality, written commun., 1992).
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Although BOD contributes to decreased DO in
the South Umpqua River, the relative amount
of DO lost due to BOD is probably less than the de-
creases caused by daily cycles of periphyton respira-
tion. During the study, daily DO fluctuations ranged
from as high as 2 to 5 mg/L in the middle reaches of
the river and increased in the vicinity of Roseburg and
downstream. The maximum DO on August 18, 1992
at the South Umpqua River near Brockway site was
9.2 mg/L (117-percent saturation). The minimum DO
was 7.2 mg/L (89-percent saturation) the following
morning. BOD5 values provided by ODEQ for 17
analyses between 1986 and 1989 at the same site aver-
aged 1.1 mg/L; BOD5, measured twice by the USGS
in September 1992, ranged from 0.5 to 0.7 mg/L. The
DO loss caused by BOD at South Umpqua River
near Brockway, therefore, is probably about 0.1 to
0.2 mg/L on a daily basis, which is 5 to 10 percent of
the daily DO cycle observed in August 1992. At the
South Umpqua River near Melrose site, which might
constitute a “worst-case” scenario with respect to
BOD due to its short distance downstream from the
Roseburg WWTP, BOD5 analysis indicated a possible
value as high as 2 mg/L, or 0.4 to 0.5 mg/L per day;
at that site, average summer daily DO range was
6.5 mg/L. In summary, probably less than 10 percent
of the lost DO is caused by BOD.

It is still possible, however, that at certain times
and locations, BOD contributes significantly to DO
problems in the South Umpqua River. If an additional
10 percent of the daily DO decrease attributed to BOD
were sufficient to cause violations of the State DO
standard or to impair fish habitat at a particular site,
then reducing BOD loads to the river would help im-
prove water quality. Periphyton is a potential instream
source of BOD. Dying algal mats, which slough off
tissue, would contribute organic matter to the river’s
BOD load and decrease DO concentrations to below
levels caused by plant respiration. Periphytic mats also
may provide substrates for attachment by nonphoto-
synthetic, respiring bacteria that, in turn, could reduce
DO in the river and contribute to BOD.

Nitrification, the oxidation of ammonia to NO2
-

and subsequently to NO3
-, also can reduce DO in river

water. Nitrification is a component of BOD and fre-
quently is referred to as nitrogenous biochemical oxy-
gen demand. Nitrification is a bacterially mediated,
two-step process that can consume large quantities of
DO—4.3 grams of oxygen are consumed for every
gram of nitrogen oxidized (Velz, 1970). Nitrification
can greatly reduce DO concentrations in streams that

receive sewage effluent, particularly when the sewa
effluent has high concentrations of ammonia (Hines
and others, 1977). NO2

-, which is usually oxidized
quickly to NO3

-, may be found in higher concentra-
tions than expected in river systems where nitrificatio
is an important DO sink.

Evidence that nitrification contributes signifi-
cantly to decreased DO in the South Umpqua River
sparse. Uptake of dissolved inorganic nitrogen (DIN
either as ammonia or as NO3

-, probably occurs too
rapidly for nitrification to be an important process in
most of the river. Data for ammonia, NO2

-, and NO3
-

(Anderson and others, 1994) do not indicate that
unexplained increases in either NO2

- or NO3
- were

occurring at the same location or time as decreases
ammonia. In most cases, there were losses of all th
types of DIN, indicating possible uptake by algae an
bacteria. Some occurrences of slightly elevated con
centrations of NO2

- occur immediately downstream
from some WWTP inputs, implying that nitrification
may be occurring; however, even in those instances
decreases in concentrations of ammonia are accom
panied by decreases in concentrations of NO2

-.
Therefore, the effect of nitrification probably is mino
when compared to DO depletions caused by algal r
piration and probably is limited to areas immediately
downstream from WWTPs that discharge large
amounts of ammonia.

The profile of decreasing NO3
- concentrations,

which generally parallels ammonia profiles down-
stream from point sources, indicates that algae in th
river may be nitrogen limited. Because ammonia is
the preferred form of inorganic nitrogen for consump
tion by algae (due to considerations of energetics),
if NO3

- is consumed by algae, it must be reduced to
ammonia before incorporation into biochemical path
ways (Grady and Lim, 1980; Welch, 1992, p. 71).
Therefore, a decrease in NO3

- loads suggests that
there is a scarcity of the more efficient nitrogen sourc
ammonia.

Comparison of the daily minimum and maxi-
mum DO values recorded by the monitor near Rose
burg (RM 118.0) to flow information from the neares
gaging station near Brockway (RM 132.8) provided
evidence that periphyton sloughing and decay may
have contributed to BOD in the river. Data for the firs
fall storms that produced measurable flow increases
1991 and 1992 were considered. Such sudden flow
increases generally increase channel scour.
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Large and sudden decreases in minimum and
maximum DO were observed at the Roseburg monitor
soon after the first fall rainstorms. In the fall, the flow
increased from 152 ft3/s on October 29, 1992 to more
than 3,000 ft3/s by November 2, 1992. Daily mini-
mum DO decreased from about 6 to 7 mg/L (58- to
68-percent saturation) to less than 0.5 mg/L (5-percent
saturation) from November 1 to November 5, 1992.
In addition, the daily maximum DO decreased to less
than 2 mg/L (20-percent saturation) during this event.
The discharges were measured at South Umpqua River
near Brockway, almost 15 miles upstream from the
monitor. (The delay between the flow increase and the
DO decrease may have been a result of travel time.)
Such extreme lows in DO, resulting from decay of
sloughed or scoured algae, could affect anadromous
fish populations in the South Umpqua River during fall
spawning seasons.

pH

The pH of a solution is a measure of its
hydrogen-ion activity. In most natural waters, the
carbonate system (which includes CO2, H2CO3,
HCO3

-, and CO3
2- ) controls pH. The pH of a solution

affects the degree of dissociation of acids and bases.
The toxicity of many compounds, including ammonia,
is dependent on the pH of the water containing the
compound. Oregon State standards specify that pH
values in the Umpqua River Basin shall not fall out-
side the range of 6.5 to 8.5 (State of Oregon, 1992).

Similar to the daily cycle of DO in relation to
photosynthesis (eqs. 3 and 4), the pH of surface waters
can be controlled primarily by the metabolism of
aquatic plants. Consumption of CO2 by photosynthe-
sis raises pH, causing late afternoon maxima; over-
night respiration produces CO2, causing early morning
pH minima. This cycle is repeated daily (fig. 8) and
is a function of the productivity of the aquatic-plant
community.

Daily pH minima and maxima measured during
synoptic surveys from 1990 to 1992 are shown in
figure 11. Daily pH maxima in the South Umpqua
River Basin had distinct spatial and seasonal patterns.
Daily maxima for pH occurred between 1530 and
1900 hours in 30 of 34 diel measurements made in
1991 and 1992.

The seasonal patterns of DO and pH exceed-
ances of State standards generally are the same. Mu
of the South Umpqua River meets the State standar
for maximum pH of 8.5 during spring and high-flow
conditions but is in violation during summer and low
flow conditions (fig. 11).

During spring and high-flow conditions, such
as in June 1991 and May 1992, maximum pH value
greater than 8.5 were observed only downstream fro
the Roseburg WWTP (RM 119.5 and RM 116.6) and
between Winston and Roseburg (RM 123.4 in June
1991 and RM 126.6 in May 1992). Maximum pH
values also were greater than 8.5 at Days Creek
(RM 170.0) in May 1992 and at Tiller (RM 187.3)
from July to September 1991 and September 1992.
The pH at Melrose Road (RM 116.6) was as high as
9.4 during this study.

 Despite the small number of exceedances du
ing May 1992, daily maximum pH values were high a
many sites, indicating that algal growth began earlie
in the spring. Considering the extreme low flows and
unusually warm and sunny spring weather, the early
algal growth was not surprising. A sudden, heavy
rainstorm, which occurred during the synoptic surve
in May 1992, may have contributed to the lower pH
values observed in the middle reaches of the South
Umpqua River (from Cow Creek at RM 158.9 to
Winston at RM 131.6) through dilution effects and
suppression of algal photosynthesis.

During the low flow of warm summer months,
the daily maximum pH value commonly exceeded 8.
throughout much of the South Umpqua River. The
pH problems extended upstream from the town of
Canyonville and as far as the Umpqua National Fore
above Tiller. During synoptic surveys, the South
Umpqua River at Days Creek consistently had daily
maximum pH values of less than 8.5 (fig. 11); how-
ever, diel surveys made just downstream from Days
Creek (RM 170 to 165.3) indicated that pH exceede
8.5 (fig. 11). The reasons for the high values of pH
(and presumably, large algal productivity in Days
Creek) are unclear, but the possibility of nonpoint
loading of nitrogen exists in this reach.

The South Umpqua River at Brockway
(RM 132.8), where maximum pH values of less
than 8.5 frequently were recorded, also had DO pro
lems that were less severe than at most other sites.
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Figure 11. Daily minimum and maximum pH in the South Umpqua River, Oregon, 1990–92. (The gaging station at
Brockway is located at river mile 132.8.)



al-
h-
ve

at

7

10

7

8

9

7

10

7

8

9

Minimum

Maximum

pH
, I

N
 S

T
A

N
D

A
R

D
 U

N
IT

S

7

10

7

8

9

110200 110120130140150160170180190

RIVER MILE

September 23-25, 1991
Discharge at Brockway = 110 cubic feet per second

May 18-20, 1992
Discharge at Brockway = 455 cubic feet per second

August 31-September 2, 1992
Discharge at Brockway = 78 cubic feet per second

RoseburgWinston-GreenMyrtle CreekCanyonville

Wastewater-treatment-plant location

State standard

Figure 11. Daily minimum and maximum pH in the South Umpqua River, Oregon, 1990–92—Continued.
Both phenomena probably were due to low algal bio-
mass, which is attributable to low nutrient content in
water and the gravelly, unstable riverbed. The low
nutrient concentrations and loadings observed at
Brockway (RM 132.8) probably were the result of the
distance between that downstream site and the Myrtle
Creek WWTP (17.9 miles), because most of the nutri-
ent load had been consumed by the benthic commu-
nity before reaching Brockway site.

Despite the conditions limiting algal growth at
the Brockway site (RM 132.8), extensive coverage
of the riverbed by periphytic algae occurred by late

summer in 1991 and 1992, resulting in the higher
maximum pH values observed at this site (fig. 11).
Several factors may have contributed to the higher v
ues of pH. In the upstream reach, maturation, sloug
ing, and senescence of the algal community may ha
reduced the demand for nutrients, thereby elevating
nutrient concentrations in the water column farther
downstream and extending the length of the reach th
might be affected by algal growth. Furthermore, the
instability of the substrate was potentially negated,
because depressed flows caused by the drought
decreased water velocity.
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One South Umpqua River site, just downstrea
from the Myrtle Creek WWTP (RM 149.7) had anom
alous DO values. Because of reaeration, that site
seldom had DO of less than 90 percent of saturation
despite large nutrient loads. There was no such ano
aly for pH, which was frequently greater than 8.5 an
sometimes represented an increase in pH from the
South Umpqua River at Myrtle Creek site (RM 151.3)
just upstream from the Myrtle Creek WWTP (fig. 11)
This was the case during the synoptic survey in
September 1990 and during the diel surveys in Augu
and September 1992. The increase in maximum pH
value indicates that increased algal activity was suf-
ficient to overcome the apparently large amount of
reaeration between the two sites. The ratio of the rat
of atmospheric exchange of CO2 and DO due to phys-
ical reaeration is 0.894 (Tsivoglou, 1967), indicating
that CO2 does not exchange with the atmosphere as
rapidly as DO. Therefore, a decrease in pH due to
reaeration (representing an increase in CO2 saturation
in water) would not be expected to occur as rapidly a
an increase in the percent saturation of DO for the
same river reach.

Daily minimum pH values greater than 8.5
occurred at several sites located almost exclusively
downstream from the Winston-Green WWTP, with
the exception of a measurement at the South Umpq
River at Mary Moore Bridge site (RM 143.3) in
September 1990 (fig. 11). Minimum pH values greate
than 8.5 were observed only in late summer and whe
the discharge at the gaging station near Brockway w
less than 150 ft3/s. Minimum pH values greater than
8.5 occurred most frequently between the Winston-
Green WWTP and the Roseburg WWTP at the follow
ing sites: South Umpqua River near Oaks (RM 126.6
South Umpqua River at Roseburg (RM 123.4),
and South Umpqua River above Roseburg WWTP
(RM 119.6). In September 1990, minimum pH value
were greater than 9.0 at two sites (fig. 11).

Temporal trends in daily minimum and
maximum pH for four fixed stations in 1992 are show
in figure 12. Daily maximum pH values at the South
Umpqua River at Days Creek site (RM 170.0), a site
originally chosen to represent background condition
were greater than 8.5 only during the early summer
of 1992 and decreased as the summer progressed.
Daily minimum pH values showed little evidence of
significant trends during the course of the summer.
The fact that pH values peaked in early summer ma
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indicate that the algal community achieved its maxi-
mum growth rate early at this site, and the biomass d
not substantially increase after late June.

The seasonal patterns of late afternoon pH va
ues in 1992 at the two fixed stations between Cow
Creek and Roseburg was similar (fig. 12) and consis
tent with previous findings for DO. The afternoon pH
values were higher than 8.5 from late June through
early September at the South Umpqua River at
Myrtle Creek site (RM 151.7). The Brockway site
(RM 132.8) had maximum pH values higher than 8.5
for approximately the same time period, although
several pH values in July and August were less than
8.5. Although unexpected, the pattern of high values
of pH at the Myrtle Creek site (RM 151.7) was con-
sistent with the low saturations of DO in the morning
(fig. 10) and potential inputs of high-pH water from
Cow Creek.

Daily maximum pH values, recorded by the
continuous monitor at South Umpqua River near
Roseburg (RM 118.0), typically were higher than 8.5
from early May until late October 1992. Although
maximum pH values exceeded 9.0 on many occasion
the minimum pH was as low as 7.0. High values of
pH at this site, which is downstream from the larges
WWTP in the South Umpqua River Basin (Roseburg
WWTP), may contribute to ammonia toxicity in the
river.

The temporal and spatial patterns of maximum
pH (figs. 11 and 12) were similar to temporal and sp
tial patterns of minimum DO (figs. 9 and 10). That pH
and DO commonly fluctuated together (fig. 8) is con
sistent with the hypothesis that photosynthetic activit
is primarily responsible for DO and pH variations
throughout most of the South Umpqua River during
the summer.
n
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Bacteria

The transmission of disease-producing bacteria
can be caused by fecal contamination from warm-
blooded animals, including humans. Fecal-coliform
and fecal-streptococcal bacteria are indicator organism
used to evaluate the potential health hazards of water
used for drinking or recreation. Unless the source of t
indicator bacteria has been determined by species ide
fication to be nonfecal, the presence of indicator bac-
teria is usually interpreted as a potential health hazard
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Figure 12. Daily minimum and maximum pH at four sites on the South Umpqua River, Oregon, 1992.
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Oregon State standards for the South Umpqua Rive
require that colony counts of fecal-coliform bacteria
should not exceed a log mean of 200 colonies per
100 milliliters of sample, based on a minimum of
5 samples in a 30-day period, and that no more than
10 percent of the samples in a 30-day period excee
ing 400 colonies per 100 milliliters (State of Oregon,
1992). There is no State standard for fecal strepto-
cocci.

Grab samples for bacteria were collected in
sterilized bottles and analyzed by membrane filtratio
(Britton and Greeson, 1987). The data collected on
September 1 and 15, 1992, at several sites through
the South Umpqua River Basin illustrate the spatial
distribution of fecal-coliform and fecal-streptococcus
counts (table 3). All counts for fecal-coliform bacteria
on these dates were less than the State standard of
200 colonies per 100 milliliters. However, fecal-
streptococcus counts were larger than they had bee
historically. Blank samples, processed at the time of
sampling, indicated no evidence of contamination.
The fecal-streptococcus data from September 1 and
15, 1992, were not published in Anderson and other
(1994) but are shown in table 3 with the qualification
that the high values require confirmation.

The South Umpqua River near Roseburg
(RM 118.0) was sampled monthly as part of the
USGS National Stream Quality Accounting Network
(NASQAN) program, which provided most of the
bacterial data. Counts of fecal-coliform bacteria
ranged from less than 1 to 670 colonies per 100 mil
liters at the Roseburg station from January 1990
to December 1992 (table 3). Three samples with
200 colonies or more per 100 milliliters (collected
January 3, 1990; February 6, 1990; and November
12, 1991) were associated with high streamflows.
The smallest streamflow for fecal-coliform samples
with values of 200 colonies or more per 100 milliliters
was 272 ft3/s on November 12, 1991. The direct
relation between increased fecal-coliform bacteria
and increased streamflow suggests that contaminan
from nonpoint sources, such as livestock waste, urb
stormwater, or WWTP bypass, are being carried into
the South Umpqua River during periods of runoff.
Small counts of fecal-coliform bacteria were associ-
ated with low runoff in summer.

At Roseburg, fecal streptococci usually were
more numerous during the summer low flow than
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during higher flows (table 3). Fecal-streptococcus
counts larger than 500 colonies per 100 milliliters (a
arbitrary level for purposes of comparison) occurred
on August 9, 1990; August 13, 1991; and Septembe
15, 1992. The largest streamflow associated with the
sampling dates was 179 ft3/s on August 13, 1991. An
inverse relation between fecal-streptococcus counts
and streamflow suggests that the bacteria emanate
from a point source upstream, the discharge of whic
is diluted by high streamflow. The sampling site is
1.5 miles downstream from the Roseburg WWTP—
the largest point source discharging to the South
Umpqua River, and the fecal streptococci at Rosebu
sampling site may have been associated with WWT
effluent. However, other potential sources, including
an urban stream known as Deer Creek, exist in the
Roseburg area upstream from the Roseburg sampli
site.

Ammonia

Simultaneous data on dissolved ammonia, pH
and temperature are available for 250 water sample
collected from main-stem South Umpqua River sites
from September 1990 to September 1992. None of
these samples had concentrations that exceeded th
criterion for acute ammonia toxicity that is used whe
salmonid fish and other cold-water fish species are
present. Un-ionized ammonia (NH3) is toxic to aquatic
life; for any given total ammonia (NH3 + NH4

+)
concentration, the proportion of un-ionized ammonia
increases as pH increases. Ammonia criteria set by t
State of Oregon (State of Oregon, 1992) are the sam
as EPA standards (U.S. Environmental Protection
Agency, 1986). The criteria for acute ammonia
toxicity (1-hour average conditions) and for chronic
toxicity (4-day average conditions) are based on
equations using ammonia concentration, water
temperature, and pH to calculate a maximum
allowable concentration of un-ionized ammonia
(European Inland Fisheries Advisory Committee,
1970).
Evidence of potential exceedances of the chron
concentration criterion for ammonia toxicity was found
The ratio of the measured concentration of un-ionized
ammonia to the maximum un-ionized ammonia
allowed by the chronic-concentration criterion was
calculated for the same set of 250 samples (fig. 13).
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Table 3. Bacteria in streams of the South Umpqua River Basin, Oregon, at selected sites, 1990–92
[ft 3/s, cubic feet per second; 0.7 UM-MF, 0.7 micron millipore filter; Cols./100 ML, colonies per 100 milliliters;
K, nonideal colony count; ‘--’, missing data or data not collected]

Station name Discharge Coliform, fecal Streptococci, fecal
and instantaneous 0.7 UM-MF KF AGAR

number Date Time (ft 3/s) (Cols./100 ML) (Cols./100 ML)

South Umpqua River
at Days Creek
14308600 SEP 1992

01... 1220 -- K6 1,400
15... 0710 -- 25 K1,500

Cow Creek at mouth,
near Riddle
425640123201400 SEP 1992

01... 0700 -- 35 900
15... 0810 -- 21 980

South Umpqua River
at Myrtle Creek
14311105 SEP 1992

01... 0930 -- K16 860
15... 0830 -- K16 K2,800

South Umpqua River
near Myrtle Creek
14311110 SEP 1992

01... 0940 -- K5 2,000
15... 0845 -- K11 500

Lookingglass Creek
at Brockway
14311500 SEP 1992

01... 1025 -- 34 1,400
15... 0920 -- 58 1,200

South Umpqua River
near Winston
14312005 SEP 1992

01... 1045 -- 170 2,100
15... 0935 -- 30 2,200

South Umpqua River
near Roseburg
14312260 JAN 1990

03... 1030 600 K200 56
FEB

06... 0930 4,460 K500 170
MAR

20... 0930 3,340 K2 49

APR
10... 1000 1,090 K16 K8

MAY
16... 0930 475 K18 K6

JUN
13... 0930 864 22 K12

JUL
11... 1400 244 K9 120

AUG
09... 1200 90 K9 840
30... 1430 227 33 57

OCT
17... 0930 156 K14 21

NOV
07... 0930 844 K33 57

DEC
05... 1330 1,600 39 37
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Table 3. Bacteria in streams of the South Umpqua River Basin, Oregon, at selected sites, 1990–92—Continued

Station name Discharge Coliform, fecal Streptococci, fecal
and instantaneous 0.7 UM-MF KF AGAR

number Date Time (ft 3/s) (Cols./100 ML) (Cols./100 ML)

South Umpqua River
near Roseburg
14312260–Continued JAN 1991

15... 1400 10,500 41 40
FEB

27... 1000 1,360 K18 K12
MAR

26... 0930 3,210 36 55

MAY
01... 1330 1,890 K33 K3
30... 1430 1,710 23 K7

JUN
25... 1130 536 20 K5

JUL
25... 1000 280 K1 53

AUG
13... 1400 179 <1 K510

SEP
04... 1400 126 K20 31

OCT
17... 0930 99 K14 190

NOV
12... 1345 272 670 22

DEC
11... 0915 2,630 53 88

JAN 1992
14... 1330 1,850 26 K15

FEB
12... 1130 972 K13 K6

MAR
09... 1330 1,030 K10 K2

APR
09... 0930 606 K10 55

MAY
04... 1130 857 K13 K2

JUN
09... 1130 187 K2 740

JUL
15... 1200 149 K14 960

AUG
17... 1600 75 K9 K420

SEP
01... 1110 -- 55 4,400
08... 1300 116 21 39
15... 0955 -- 29 4,200

OCT
21... 1330 144 K1 70
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Figure 13. The ratio of un-ionized ammonia to the Oregon
State standard for chronic ammonia toxicity in the South
Umpqua River, Oregon, between September 1990 and
September 1992.
Any ratio larger than 1.0 represents a potential viola
tion. For actual violations to have occurred, the insta
taneous values of dissolved ammonia concentration
temperature, and pH also would have to be represe
tive of the average conditions for 4 consecutive days
Temperature and pH values are extremely variable,
especially during late summer in the lower reaches 
the South Umpqua River. Dissolved ammonia conce
trations can be expected to vary considerably down
stream from WWTPs, because of daily changes of
ammonia concentration and load in the effluent
and because of uptake by the benthic community.
Figure 13 may not, therefore, be representative of
chronic conditions and can be considered only as
an indicator of locations at which chronic ammonia
toxicity may occur.

The four potential exceedances of the chronic
concentration criterion for ammonia toxicity occurred
downstream from the Roseburg WWTP (RM 119.5)
(fig. 13). The Roseburg WWTP is the most significan
point source of nutrients on the South Umpqua Rive
in the lower reaches of the river, the temperature
and pH values are often high. Several samples, col-
lected downstream from the Winston-Green WWTP
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(RM 132.6), contained dissolved ammonia concentra
tions that approached the level of chronic ammonia
toxicity; however, no chronic or acutely toxic condi-
tions were detected during this study.

In summary, ammonia from WWTP effluent,
combined with high values of pH and high tempera-
tures, created the potential for exceedances of the
chronic-concentration criterion for ammonia toxicity
in the lower reaches of the South Umpqua River. For
exceedances of the criterion actually to have occurre
the instantaneous values of dissolved ammonia conc
trations, temperature, and pH would have to have re
resented the average conditions for 4 consecutive da

NUTRIENT SOURCES AND
CHARACTERISTICS

In eutrophic water such as that in South Umpqu
River, major nutrients are typically nitrogen, phospho
rus, and carbon. The dissolved forms of ammonium,
nitrate, nitrite, and orthophosphate are of primary
importance to understanding algal nutrition. From a
thermodynamic standpoint, the preferred forms of
nitrogen and phosphorus for algal use generally are
considered to be ammonium and orthophosphate;
however, algae also assimilate nitrate and various
polyphosphates (Wetzel, 1983).

In the present study, the nutrients measured in
water-quality samples were primarily limited to nitro-
gen and phosphorus species in filtered and unfiltered
water samples (table 4). Nitrogen species include:
filtered or dissolved ammonia, filtered or dissolved
nitrite plus nitrate (NO2

- + NO3
- ), and filtered or dis-

solved nitrite (NO2
-). The sum of ammonia and NO3

-

concentrations is referred to as DIN. Phosphorus
species include SRP (which incorporates both dis-
solved orthophosphate and other polyphosphates);
unfiltered, digested phosphorus, or TP; and filtered,
digested phosphorus, or total dissolved phosphorus
(TDP).

Nutrient uptake by periphytic algae is a
-

t
r;

function of many different chemical and physical
factors, including stream velocity, substrate (attach
ment points for algal cells), light availability, and
temperature (Graham and others, 1982; Horner an
others, 1983). In contrast to lakes and other lentic
(nonflowing) environments where water velocity is
essentially zero, the velocity of a stream can decrea
the diffusion gradient of nutrients to periphyton
from the overlying water and thereby increase the
amount of nutrients to which the algae are exposed
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Table 4. Nutrient analyses in the South Umpqua River Basin, Oregon, 1990–92
[S, synoptic; F, fixed station; D, diel inflow/outflow; mg/L, milligrams per liter; LC, laboratory
code; WWTP, wastewater-treatment-plant effluent; N, nitrogen; P, phosphorus; C, carbon]

Parameter name
Method ]
]code ]

Minimum detection
limit ] Sampling type

Nitrogen, ammonia, dissolved (mg/L as N)
filtered, undigested

LC0830
LC0301

0.002
.01

S, F, D
WWTP

Nitrogen, ammonia plus organic, total (mg/L as N)
unfiltered, digested

LC084 .2 All

Nitrogen, nitrite, dissolved (mg/L as N)
filtered, undigested

LC0827
LC0160

.001

.01
S, F, D
WWTP

Nitrogen, nitrite plus nitrate, dissolved (mg/L as N)
filtered, undigested

LC0826
LC0228

.005

.1
S, F, D
WWTP

Phosphorus, total (mg/L as P)
unfiltered, digested

LC0837
LC0129

.001

.01
S, F, D
WWTP

Phosphorus, dissolved (mg/L as P)
filtered, undigested

LC0829
LC0128

.001

.01
S, F, D
WWTP

Phosphorus, soluble reactive, dissolved (mg/L as P)
filtered, undigested

LC0828
LC0162

.001

.01
S, F, D
WWTP

Carbon, organic, dissolved (mg/L as C)
filtered

LC0113 .1 S

Carbon, organic total (mg/L as C)
unfiltered

LC0114 .1 S
Consequently, the load (the product of discharge and
concentration, in mass per unit time) of the nutrient in
the stream is an essential component when defining
relations of periphyton and nutrients. For this reason,
and to identify sources and sinks in the river, water and
nutrient loading budgets were developed for the South
Umpqua River.

Point Sources

Five WWTPs greatly affect the water quality
of the South Umpqua River. These five WWTPs are
located, in downstream order, at the towns of Canyon-
ville, Riddle (on Cow Creek), Myrtle Creek, Winston-
Green, and Roseburg. From May 4 to September 29,
1992, 24-hour composite samples were collected twice
a week from the effluent streams of the five WWTPs
by using automatic samplers; the quantity of effluent
for each sampling period was recorded. The median
flow rate of the effluent ranged from 113,000 gal/d
(gallons per day) at the Riddle WWTP to 3,523,000
gal/d at the Roseburg WWTP (table 5).

The median TP loading ranged from 1.4 kg/d
(kilograms per day) at the Riddle WWTP to 48 kg/d
at the Roseburg WWTP. The median SRP loading
was approximately 80 percent of the TP loading and
ranged from 1.1 kg/d at the Riddle WWTP to 40 kg/d

at the Roseburg WWTP. At the Winston-Green
WWTP, SRP in the effluent was highly variable, and
the median SRP was much smaller than the median
for TP. The operators of the Winston-Green WWTP
frequently used alum (aluminum sulfate) as a coagu
lant to decrease the BOD of the effluent. On occasio
when alum treatment was used, the SRP concentrat
in the effluent was low. When the alum treatment wa
not used, however, the SRP concentration was simi
to that in effluent from the Myrtle Creek WWTP,
which discharges a similar effluent volume.

DIN was calculated as the sum of dissolved
NO2

- plus NO3
- and ammonia. The median DIN load

ing ranged from 3.2 kg/d at the Canyonville WWTP
to 170 kg/d at the Roseburg WWTP.

In addition to the 24-hour composite samples
of the WWTP effluent, grab samples of effluent
were taken at 4-hour intervals for 24 hours at the
Myrtle Creek and Winston-Green WWTPs by using
automated samplers. Sampling dates were June 24
and 25, 1992; August 5 and 6, 1992; and Septembe
15 and 16, 1992. The samples were collected to
describe the daily variation of WWTP-effluent-
nutrient loads during the diel inflow/outflow studies in
1992. These WWTPs were sampled because each
discharges effluent into a reach that was studied.
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Table 5 . Loading characteristics of the five major wastewater-treatment plants in the South Umpqua River Basin, Oregon, May 4 to September 29, 1992
[WWTP, wastewater-treatment plant; RM, river mile; dissolved inorganic nitrogen, (dissolved nitrite+nitrate) + (dissolved ammonia)]

Effluent flow
(thousand gallons per day)

Total phosphorus
(kilograms per day)

Dissolved orthophosphorus
(kilograms per day)

Dissolved inorganic nitrogen
(kilograms per day)

WWTP name

N
um

be
r 

of
sa

m
pl

es

M
ax

im
um

M
ed

ia
n

M
in

im
um

N
um

be
r 

of
sa

m
pl

es

M
ax

im
um

M
ed

ia
n

M
in

im
um

N
um

be
r 

of
sa

m
pl

es

M
ax

im
um

M
ed

ia
n

M
in

im
um

N
um

be
r 

of
sa

m
pl

es

M
ax

im
um

M
ed

ia
n

M
in

im
um

Canyonville
(RM 163.0)

43 178 135 124 43 2.1 1.6 0.85 43 2.0 1.4 0.55 43 9.7 3.2 1.5

Riddle
(RM 158.9)

43 227 113 91 42 1.9 1.4 .79 42 1.6 1.1 .48 43 9.4 7.0 4.2

Myrtle Creek
(RM 150.7)

40 1,370 690 580 38 14 9.5 6.4 38 12 8.2 5.3 39 56 33 7.0

Winston-Green
(RM 132.6)

41 1,500 829 721 40 14 5.1 3.1 41 11 2.1 .74 41 60 49 33

Roseburg
(RM 119.5)

42 7,730 3,520 2,910 41 58 48 38 40 47 40 35 42 230 170 55
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Samples were analyzed for TKN and TP. (Dissolved
nutrients were not analyzed, because it was not pos
ble to immediately filter and preserve the samples).
Data were available from strip chart recorders for
effluent flow rates at the Myrtle Creek WWTP, making
calculation of effluent loads possible. Effluent flow
rates at the Winston-Green WWTP were not availab
for periods of less than 24 hours.

The changes in effluent loads for the Myrtle
Creek WWTP on September 15 and 16, 1992 (fig. 1
were typical of those observed on all of the samplin
dates. Loads of TKN and TP were smallest from 030
to 0700 hours and largest at about 1500 hours. The
trends were the result of daily changes in input load
to the WWTPs. Sampling of the South Umpqua Rive
below the WWTPs was designed to anticipate these
diel changes in effluent nutrient loads.
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Figure 14. Nitrogen and phosphorus loads in the effluent of
the Myrtle Creek, Oregon, wastewater-treatment plant over a
24-hour period from September 15 to September 16, 1992.
Nonpoint Sources

For the purposes of this report, nutrients from
nonpoint sources were assumed to enter the South
Umpqua River from its tributaries, except where
38
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otherwise stated. This assumption is reasonable,
because most of the sampling was done during dry,
relatively steady-state periods. Although irrigation o
grazing lands or croplands is common along the ban
of the river, little return flow was noted during recon-
naissance surveys or other sampling trips—a result
the hot, dry weather. The tributaries, therefore, act a
integrators of basin inputs to the South Umpqua Rive
Ground-water discharge to the river was assumed to
minimal.

For load estimation, the upstream boundaries
during synoptic surveys (South Umpqua River abov
Jackson Creek, RM 192.8 or South Umpqua River a
Tiller, RM 187.3) and diel surveys (South Umpqua
River at Days Creek, RM 170.0) were treated as trib
tary inputs, thereby incorporating any loading that
occurs upstream. Although these sites may not accu
rately represent “background” conditions, there are
no known upstream point sources. Cow Creek near
Riddle was used as an upstream or background site
for Cow Creek.

Temporal Variability

In addition to the five WWTPs sampled twice
weekly, five fixed sites on the South Umpqua River
were visited weekly to biweekly during the summer o
1992. Data from these sites helped to provide an es
mate of the temporal variability of nutrient inputs to
the South Umpqua River Basin. The sites were Sou
Umpqua River at Days Creek (RM 170.0), Cow Cree
near Riddle (RM 6.7 of Cow Creek), South Umpqua
River at Myrtle Creek (RM 151.3), South Umpqua
River near Brockway (RM 132.8), and South Umpqu
River near Roseburg (RM 118.0). Selection of these
sites was based on several factors, including (1) the
requirement for upstream (South Umpqua River at
Days Creek) and downstream (South Umpqua Rive
near Roseburg) monitoring stations to provide boun
aries for conditions in the river during the summer
low-flow period, (2) the need to account for major
input sources to the river (Cow Creek near Riddle,
and the five WWTPs) over a season, and (3) the ne
to observe nutrient trends at locations less affected
by major point sources (South Umpqua River at Day
Creek, at Myrtle Creek, and near Brockway).

Concentrations of SRP, TP, and DIN during
1992 at the five fixed sites are illustrated in figure 15
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Figure 15. Nutrient concentrations at fixed stations in the South Umpqua River Basin, Oregon, 1992.
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Figure 15. Nutrient concentrations at fixed stations in the South Umpqua River Basin, Oregon, 1992—Continued.
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Although there was a large degree of variability in
concentrations, some patterns were evident. Con-
centrations of SRP were near or below the detection
limit of 0.001 mg/L much of the summer at the
South Umpqua River at Days Creek and at Myrtle
Creek sites and at Cow Creek near Riddle (means
were 0.001, 0.002, and 0.001 mg/L, respectively).
However, mean SRP concentrations were slightly
higher at the South Umpqua River near Brockway site
(0.006 mg/L) and were significantly higher near the
Roseburg site (0.100 mg/L). SRP concentrations at the
three fixed sites farthest upstream varied little—the
standard deviations for SRP concentrations at South
Umpqua River at Days Creek, Cow Creek near Riddle,
and South Umpqua River near Myrtle Creek were
0.0003, 0.0007, and 0.001 mg/L, respectively. The
standard deviation of SRP concentrations at Brockway
also was small (0.002 mg/L), but near Roseburg was
larger (0.069 mg/L).

Few major trends in the temporal variation of
SRP concentrations at the fixed sites were observed
during the summer of 1992 (fig. 15). A slight, tem-
porary decrease in SRP concentrations early in July
resulted when stream discharge increased because of a
rainstorm, after which SRP concentrations remained
relatively constant. In mid-July, after discharge at a
station near Roseburg decreased to less than 90 ft3/s,
there was a distinct increase in SRP concentrations.
SRP concentrations near Roseburg remained elevated
until October, when flows increased slightly.

TP concentrations were somewhat more variable
than SRP concentrations at the upstream stations,
although the mean concentration remained at less than
0.010 mg/L (fig. 15). Mean TP concentration was
0.015 mg/L at the South Umpqua River at Brockway
site and 0.12 mg/L at the South Umpqua River near
Roseburg site. Similar to SRP, TP concentrations were
related to flow, particularly at Roseburg, where TP
concentrations increased in mid-July after discharge
decreased. Phosphorus concentrations were higher
than 0.10 mg/L for most of the summer and were more
than an order of magnitude greater than concentrations
upstream from the Roseburg WWTP.

Few well-defined trends for DIN were evident
except at the South Umpqua River near Roseburg,
although DIN concentrations were more variable at
South Umpqua River at Days Creek site than at most
fixed stations downstream (fig. 15). Some high con-

centrations of DIN occurred in September 1992 nea
Brockway, a site that is well downstream from any
known point sources. These high concentrations of
DIN may have been caused by an unknown point
source upstream from the site, ground-water input,
or a decrease in algal uptake because of reduced a
metabolism upstream. Large mats of periphytic alga
were not observed earlier in the season but had dev
oped by mid-September 1992 at Brockway, where th
streambed is unstable and normally would be consi
ered unfavorable for periphyton growth.

Budget

In order to account for sources and sinks of
nutrients (develop a nutrient budget), it was necessa
first to develop a water budget for the South Umpqu
River. A mass balance of known inflows and outflow
to the South Umpqua River was calculated by using
data from the synoptic surveys. Nonpoint sources
(such as ground water, agricultural return flow, and
subsurface flow) were not measured directly but we
assumed to enter the system, during the normally d
months of summer, primarily through tributaries. The
tributaries that were measured are shown in figure 3
The streamflows were simulated by using a simple
mass-balance additive model and compared with
measured (and gaged) streamflows recorded during
the synoptic surveys. Upstream boundaries of the
simulated streamflow system were the South Umpq
River at Tiller site (RM 187.3) during 1990 and 1991
and the South Umpqua River above Jackson Creek
site (RM 192.8) in 1992; the downstream boundarie
were either the South Umpqua River at Roseburg si
(RM 118.0) or the South Umpqua River at Melrose
Road site (RM 116.6), depending on streamflow con
ditions. The synoptic surveys of June and Septembe
1991 are representative of early and late conditions
respectively (fig. 16).

Attempts were made to conduct synoptic sur-
veys during steady-state conditions to minimize the
effects of nonpoint runoff and unsteady flow. In loca
tions where more than one measured streamflow val
was available, the values are daily averages of the
gaged streamflow over the duration of the synoptic
survey. The differing daily averages illustrate varia-
tions in streamflow during the synoptic surveys and
identify possible sources of error or inconsistency
between the measured and simulated values.
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Figure 16. Measured and simulated flows in the South Umpqua River, Oregon, during synoptic surveys in June and
September 1991.
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Effluent samples from WWTPs were collected
as grab samples in 1991 and as time-weighted com-
posites in 1992 (Anderson and others, 1994). Effluent-
discharge information was collected for the composite
periods in 1992 and was reported by Anderson and
others (1994); however, instantaneous discharge rates
for the 1991 grab samples were unavailable. Calcula-
tions of effluent flows and nutrient loads for 1991,
therefore, are based on daily total flow data reported to
the State by each WWTP operator (table 1). During
summer low-flow conditions, WWTPs contributed less
than 15 percent of the streamflow to the South
Umpqua River.

Data on permitted water withdrawals, derived
from permit information provided by the Douglas
County Watermaster, allowed estimation of maximum
potential diversions. Water diversions were accumu-
lated by reach into a withdrawal term. During spring,
summer, and late fall, diversion amounts usually were
set to zero. The withdrawal term in the mass balance
was used as a model-calibration variable and, there-
fore, incorporated other uncertainties such as losses
to evaporation and ground water or errors in flow
measurements.

Ground-water data were not incorporated into
the flow mass balance, because ground water has been
previously reported to be a relatively small component
of flow in the South Umpqua River (Rinella, 1986). In
cases where the withdrawal term in the mass balance
equals zero, the difference between the simulated and
observed streamflow may be considered to represent a
combination of ground water and other nonpoint-
source inputs to the river. Dry conditions prevailed
during the summers of 1991 and 1992, and few seeps
or other small sources of flow were observed during
reconnaissance studies (Anderson and others, 1994).
Many of the tributaries, such as Elk Creek and Days
Creek, were completely dry by late summer; the flows
in other tributaries, such as Hamlin Creek, Myrtle
Creek, and Deer Creek, were small enough to be
almost negligible. Therefore, other nonpoint sources
can be considered to be negligible in most cases, and
ground-water input to the stream probably can be
assumed to be the difference between simulated and
observed values.

The synoptic surveys were conducted during
reasonably dry periods, with the exception of one
storm in May 1992. There were several storms prior
to the June 1991 synoptic survey, but streamflow at
gaged sites decreased during the survey. Except in
May 1992, most of the simulated streamflows were

within 10 to 12 percent, and many within 5 percent,
of the measured or gaged flows. The relatively smal
error of the simulated values indicates that the majo
sources of water for the river were adequately
accounted for, as were the major point sources of
nutrients.

The pattern of streamflow in the South Umpqu
River generally is consistent, regardless of condition
(fig. 16). The salient features are low flows upstream
from Cow Creek (RM 160.0) and slight increases
downstream from Cow Creek. The flow of Cow Cree
is regulated by Galesville Reservoir, which provides
a large part of the summer flow and maintains water
quality. Flows in 1992 were the lowest during the
3-year study, reaching a daily mean of 32 ft3/s at
South Umpqua River near Tiller, 43 ft3/s at Cow Creek
near Riddle, and 64 ft3/s at South Umpqua River near
Brockway. Historically, base-flow
discharge decreases between Tiller and Days Creek

The nutrient budget was balanced by using the
water-budget data. Because of the constant supply
of nutrients flowing over the algae, measurement of
periphyton response to nutrients necessarily require
nutrient loads and nutrient concentrations. In lentic
(nonflowing) environments, the ambient concentratio
can be an indicator of algal response; in lotic (flowing
environments, the load also must be considered.
Measured nutrient load, in kilograms per day, was th
product of the observed flow and concentration at ea
site. Calculated nutrient loads for main-stem sites
were the sum of influent load from upstream and
incoming tributary and point-source loads. Loading
from the Riddle WWTP was not added directly to th
main-stem loading of the South Umpqua River,
because the Riddle WWTP discharges into Cow
Creek. In addition, the mouth of Cow Creek, down-
stream from the Riddle WWTP discharge location,
was sampled during each trip. Nutrient loading at Co
Creek near the mouth represents the loading from t
Riddle WWTP, combined with the load upstream from
Riddle, minus the loads lost to periphyton in Cow
Creek.

The error associated with calculated nutrient
loads is dependent on the accuracy of the stream-
flow measurements and nutrient determinations
(load = flow× nutrient concentration). In addition
to this inherent error, observed streamflow measure
ments commonly were slightly greater than calcu-
late streamflow; the disparity may have resulted
from ungaged surface- and ground-water flows.
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Nutrients associated with these ungaged flows will
cause the observed nutrient loads to exceed the cal-
culated loads. Differences between observed and
calculated loads may decrease (and may be masked),
however, if nutrients are being taken up by the biota
or sorbed to the bed sediment.

Budget terms were calculated for TP, SRP, and
DIN. DIN was used as the nitrogen term because algae
can use nitrogen in either the oxidized (NO3

- ) or
reduced (ammonia) form, and microbial and algal
processes can rapidly change the form of DIN in the
water through uptake, decay, and excretion. Calculated
and observed nutrient loads for TP, SRP, and DIN for
the synoptic surveys in June and September 1991 are
shown in figure 17.

In the South Umpqua River, nutrient loads
downstream from point sources were dependent on
streamflow conditions. Nutrient loading data from
the synoptic surveys (in June, July, August, and
September 1991 and in September 1992) are summa-
rized in table 6. Nutrient loading information for
June and September 1991 is illustrated in figure 17.
During June 1991, the period of highest flow studied
during this project, WWTPs contributed 65, 73, and
70 percent of the TP, SRP, and DIN loading, respec-
tively. Flow decreased during the summers in the
drought years of 1991 and 1992, and the percentage
of loadings from the WWTPs increased. During syn-
optic surveys in August and September 1991 and in
September 1992, WWTPs contributed more than
90 percent of the TP, SRP, and DIN that entered the
South Umpqua River. The relative contributions of
nutrients from WWTPs probably are less during the
winter months, when flow is greater and nutrient and
periphyton problems are of less concern.

Nutrient loads from WWTPs (table 6) were cal-
culated by using the instantaneous loads that were
determined during individual synoptic surveys, rather
than the median loads (table 5), to facilitate detection
of load changes downstream from the WWTPs. Vari-
ability due to nitrification as an operating process at
the Canyonville WWTP, alum addition at Winston-
Green WWTP, or effluent flow changes at any of the
WWTPs may have contributed to the small inconsis-
tencies among the median nutrient loads in table 5 and
the instantaneous nutrient loads in table 6.

During periods of high flow, such as June 1991,
water originating from the Umpqua National Forest
upstream from Tiller carried the largest nutrient

load of the nonpoint or background sources (about
20 percent of the phosphorus and 13 percent of the
nitrogen loads); Cow Creek carried the next largest
load (table 6, fig. 17). As flows decreased during
the summer and releases of water from Galesville
Reservoir became the main source of water for the
South Umpqua River, Cow Creek supplied a greater
proportion of the nutrient load from nonpoint or back
ground sources to the South Umpqua River. Severa
tributaries, such as Elk Creek and Days Creek, were
dry or nearly dry by the end of each summer.

Calculated nutrient loads increased sharply at
the point sources and slightly at tributaries (fig. 17).
The measured loads increased at the WWTPs and
decreased farther downstream, until additional sourc
produced load increases. This pattern was repeated
both spatially and temporally. Unexpected sources o
sinks of nutrients are indicated where the observed a
calculated loads are not parallel (fig. 17). Because
streamflow patterns (fig. 16) did not indicate major
water losses, nutrient sinks probably represent upta
by the benthic community, especially periphyton.
Unexpected nutrient sources may have been due to
unsampled point sources, nonpoint sources, ground
water input, algal senescence, or analytical error.
Analytical error can be ruled out in most cases exce
as it affects the magnitude of the sinks, because mo
of the loading changes appear consistently among
constituents, between synoptic surveys, and along t
length of the river.

Unexpected load increases (sources) were les
predictable than load decreases (fig. 17). Several
consistent increases, however, indicate possible loa
inputs unaccounted for in the synoptic surveys. One
such increase occurred in the reach below Myrtle
Creek, between the South Umpqua River at Mary
Moore Bridge site (RM 143.3) and the South Umpqu
River near Brockway site (RM 132.8). This load in-
crease occurred in June 1991 for each constituent i
table 6, as well as in August and September 1991 fo
DIN, in July and September 1991 and September 19
for SRP, and in July 1991 for TP. However, the
June 1991 increase occurred farther upstream—
between Mary Moore Bridge (RM 143.3) and South
Umpqua River at Dillard (RM 138.7)—than during
other months, when the increase occurred between
Dillard and Brockway. There seems to be an uniden
fied nutrient source between Mary Moore Bridge an
Brockway.
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Figure 17. Measured and calculated nutrient loads in the South Umpqua River, Oregon, June and September 1991.
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Figure 17. Measured and calculated nutrient loads in the South Umpqua River, Oregon, June and September 1991—Continued.
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Table 6. Contributions of nutrient load to the South Umpqua River, Oregon, from various sources during synoptic surveys in 1991 and 1992
[Nutrient loading units are in kilograms per day. Discharges are averages from South Umpqua River near Brockway for the 3-day periods of the synoptic surveys.
Q, discharge, in cubic feet per second (ft3/s); WWTP, wastewater-treatment plant; TP, total phosphorus; SRP, soluble reactive phosphorus; DIN, dissolved inorganic nitrogen]

Source
Source

type

June 10–12, 1991
Q = 840 ft 3/s

July 22–24, 1991
Q = 285 ft 3/s

August 26–28, 1991
Q = 137 ft 3/s

September 23–25, 1991
Q = 106 ft 3/s

August 31–
September 2, 1992

Q = 75 ft 3/s

TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN

Canyonville WWTP/
Point

2.1 2.0 9.2 0.4 0.3 8.5 3.3 3.0 9.0 2.2 1.8 7.1 1.3 1.2 2.0

Myrtle Creek WWTP/
Point

10.2 9.0 40.9 7.2 7.0 45.3 5.3 4.5 33.4 10.9 6.8 69.5 9.0 8.2 34.4

Winston-Green WWTP/
Point

12.3 10.6 44.2 2.0 .5 37.6 2.1 .7 46.3 2.2 .7 37.4 3.9 1.9 43.2

Roseburg WWTP/
Point

48.1 42.8 150 50.3 44.3 155.7 52.0 48.0 160 56.6 53.8 204.1 53.4 41.4 187.2

South Umpqua
River at Tiller

Tributary/
Nonpoint

24.4 17.1 46.4 4.1 1.4 5.5 1.5 .3 1.4 1.0 .4 8.0 .8 .2 1.8

Elk Creek Tributary/
Nonpoint

1.7 .7 .9 .3 .2 .2 < .1 < .1 < .1 < .1 < .1 < .1 0 0 0

Days Creek Tributary/
Nonpoint

.5 .2 < .1 .1 < .1 .1 < .1 < .1 < .1 0 0 0 0 0 0

Canyon Creek Tributary/
Nonpoint

.9 .3 4.0 .1 < .1 .4 .1 < .1 .1 < .1 < .1 .1 < .1 < .1 < .1

Cow Creek Tributary/
Nonpoint

6.6 2.6 31.2 4.9 2.0 6.3 2.5 .8 7.0 2.0 .7 3.8 1.2 .3 2.2

Myrtle Creek Tributary/
Nonpoint

1.5 .5 8.3 .2 .1 1.1 .1 < .1 .6 .1 < .1 1.2 .1 < .1 .3

Lookingglass
Creek

Tributary/
Nonpoint

1.6 1.0 5.1 .1 < .1 .1 .3 < .1 .4 .7 .1 2.3 .8 .1 1.8

Deer Creek Tributary/
Nonpoint

2.4 .8 7.7 .4 .2 .4 .5 .1 1.6 .1 < .1 .1 < .1 < .1 < .1

Total 112.3 87.6 348 70.1 56.3 261.2 67.9 57.9 260 76 64.7 333.7 70.7 53.6 271.3
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Data on ground-water quality along the South
Umpqua River were sparse; however, data collected by
Robison and Collins (1978) from several wells
in the Winston area indicated that ground water may
contribute to nutrient loads in the reach between Mary
Moore Bridge and Brockway. Two shallow wells adja-
cent to the river (with depths of water-bearing zone of
34 to 57 feet and 22 to 28 feet, respectively) had rela-
tively high NO3

- concentrations (higher than 1.0 mg/L
as nitrogen) and moderately high phosphate concen-
trations (from 0.03 to 0.12 mg/L as phosphorus).
These wells were located within the reach from the
South Umpqua River at Mary Moore Bridge site to
the South Umpqua River near Brockway site. Stream-
flows in the reach frequently were slightly underesti-
mated; therefore, ground-water input could explain the
observed nutrient load increases between Mary Moore
Bridge and Brockway.

Alternatively, the increased loading upstream
from the South Umpqua River near Brockway site
could have originated in one of three unsampled
creeks (Willis Creek, Rice Creek, or Kent Creek) that
enter the river along this reach; however, these creeks
were not observed to contribute significant amounts
of water during the 3-year study. Two gravel quarries,
located along the river in this reach, may contribute
nutrients associated with particulates from gravel
mining operations at the edge of the river. In June
1991, loading increases for TP, SRP, and DIN were 18,
5.9, and 48 kg/d, respectively. The ratio of increase in
DIN or SRP to TP at that site was lower in June 1991
than most DIN:TP or SRP:TP ratios for the river
(table 7), indicating that the loading increase may have
included a large amount of particulate or sediment
from the gravel mining operations.

The other unexpected source of nutrients was in
the Roseburg area, between Winston (RM 131.6) and
sites upstream from the Roseburg WWTP (fig. 17).
There were no known point sources in this long reach
(up to 12 miles), which is located in the most urban-
ized part of the South Umpqua River Basin. The load
increases were small in most cases and were down-
stream from load sinks located immediately down-
stream from the Winston-Green WWTP. These load
increases may have been the result of analytical uncer-
tainty, algal senescence, unmonitored point-source
discharges, failing septic systems, urban runoff, or
other nonpoint discharge.

More consistent than the unexplained nutrient
sources in the South Umpqua River were the nutrie
sinks located immediately downstream from each
WWTP. In general, the water balance (fig. 16) indi-
cated a negative bias regarding expected flow in the
river; therefore, the magnitude of most nutrient sinks
has been underestimated in this report. This loss of
nutrients can best be explained by benthic (particular
algal) uptake of nutrients during the summer. There
are no significant water diversions that could accoun
for these nutrient losses. The loss of DIN was partic
larly pronounced. If nitrification were responsible
for the loss of ammonia, an increase in NO3

- load
would be expected; however, such an increase was
observed only occasionally below the Roseburg
WWTP (Anderson and others, 1994). The difference
between the simulated and observed increase in nu
ent load was used to estimate the magnitude of upta
between selected sites (fig. 18; table 7).

Nutrient uptake was also observed in the Days
Creek, Myrtle Creek, and Winston reaches during di
surveys in 1992. With the exception of the WWTP dis
charges and Myrtle Creek itself, the study reaches h
no tributary inputs. Flow information and water sam-
ples were not collected for Myrtle Creek during thes
surveys; however, mass balances for the Myrtle Cre
reach of the South Umpqua River could be reasonab
calculated by assuming average loads from the cree
on the basis of synoptic survey data. Owing to droug
conditions in 1992, most tributaries, including Myrtle
Creek, had little flow during the diel surveys in 1992
and ungaged input of water or nutrients was not con
sidered to be significant.

Uptake of nutrients during diel surveys was sim
ilar in August and September 1992 for most nutrient
and in most river reaches (table 7). Uptake of nutrien
during June 1992 was less pronounced than in Augu
and September, indicating either that algal growth
had not yet reached its maximum or that periphyton
was already undergoing a midseason decline. This
phenomenon has been reported previously for
Cladophora (Whitton, 1970; Lorenz and Herdendorf,
1982; Mantai and others, 1982). Because the spring
of 1992 was dry and algal growth was established
by May, it is probable that by June there had been a
early peak in the biomass ofCladophora.
48
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Table 7. Sources and sinks of total phosphorus, soluble reactive phosphorus, and dissolved inorganic nitrogen, South Umpqua River, Oregon, 1991 and 1992
[Includes results from synoptic surveys and diel studies. Nutrient loading values are expressed in kilograms per day. Discharges are averages from South Umpqua River near Brockway for the periods
of the surveys. Negative values indicate unaccounted for sinks, positive values indicate unaccounted for sources. Q, flow; ft3/s, cubic feet per second; TP, total phosphorus; SRP, soluble reactive
phosphorus; DIN, dissolved inorganic nitrogen; ‘--’, reach not studied]

Synoptic surveys Diel studies

Reach
and

June 10–12, 1991
Q = 840 ft 3/s

July 22–24, 1991
Q = 285 ft 3/s

Aug. 26–28, 1991
Q = 137 ft 3/s

Sept. 23–25, 1991
Q = 106 ft 3/s

Aug. 31–
Sept. 2, 1992
Q = 75 ft 3/s

June 22–26, 1992
Q = 152 ft 3/s

Aug. 3–7, 1992
Q = 82 ft 3/s

Sept. 14–18, 1992
Q = 78 ft 3/s

river miles TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN TP SRP DIN
Jackson Creek

to Canyonville
192.8–187.3 -- -- -- -- -- -- -- -- -- -- -- -- -0.5 -0.1 -0.1 -- -- -- -- -- -- -- -- --
187.3–170.0 0.2 -0.6 0.6 0.9 -0.4 0.0 -0.1 0.2 -0.3 0.6 -0.2 -4.6 -.2 -.1 -.1 -- -- -- -- -- -- -- -- --
170.0–166.8 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -0.2 0.0 4.6 0.1 0.1 7.7 0.2 0.0 11
166.8–165.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- .2 .0 -2.5 -.1 -.1 -3.9 .0 -.1 -2.3
170.0–162.6 -3.4 -1.9 -17 -1.5 -.3 5.1 2.1 -.5 4.0 -.3 -.1 3.5 2.1 .1 .4 -- -- -- -- -- -- -- -- --

Canyonville to
Myrtle Creek
162.6–156.0 .6 .2 -22 -1.5 -1.6 -12 -3.7 -.4 -8.1 -1.3 -1.4 -7.5 -1.3 -1.1 -1.1 -- -- -- -- -- -- -- -- --
162.6–151.3 -- -- -- -- -- -- -4.0 -1.7 -7.7 -1.6 -1.4 -4.6 -1.6 -1.1 -1.6 -- -- -- -- -- -- -- -- --
156.0–149.7 -6.7 1.4 -7.9 2.4 2.3 1.2 .8 -1.9 -34 -.3 -2.2 -12 -3.3 -4.3 -27 -- -- -- -- -- -- -- -- --
151.3–149.7 -- -- -- --h -- -- -1.2 -.6 -34 -.1 1.0 -15 -3.0 -4.2 -27 2.0 -1.5 -2.2 -3.5 -2.8 -20 -3.5 -3.9 -18
149.7–146.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -3.0 -2.1 -13 -3.4 -3.6 -12 -.3 -1.5 -9.0

Myrtle Creek
to Winston
146.6–145.2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -1.1 -2.1 -10 -.6 -.8 1.9 -1.0 -.8 10
149.7–143.3 -3.3 -5.0 3.5 -4.0 -6.0 -42 -5.8 -3.2 -16 -3.4 -3.2 -23 -.5 -3.2 -9.5 -- -- -- -- -- -- -- -- --
143.3–132.8 18 5.9 48 .5 2.3 -2.1 .05 -1.6 6.7 -.3 .6 15 -1.0 -.5 2.7 -- -- -- -- -- -- -- -- --
132.8–131.6 -9.2 -4.4 -69 -.5 2.3 -3.2 -0.6 -.3 -22 -1.3 2.4 -28 -1.8 -.8 -33 -- -- -- -- -- -- -- -- --
132.8–132.3 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -.2 -4.0 6.2 -8.9 -4.4 -54 -7.3 -2.5 -75

Winston to
Roseburg
132.3–130.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- .3 -1.3 -31 -1.1 -2.6 -22 -2.6 -2.1 -28
130.0–126.6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -1.7 -1.0 -17 -1.5 -.4 -7.5 -1.0 -.4 -9.0
131.6–126.6 -- -- -- -3.5 -4.2 -37 -1.2 -7.2 -26 -- -- -- 1.0 -.5 -14 -- -- -- -- -- -- -- -- --
131.6–123.4 9.2 -2.1 97 -1.3 3.5 -40 1.4 .7 -25 -3.1 -5.1 -41 7.5 -.9 -12 -- -- -- -- -- -- -- -- --
123.4–118.0 -13 -1.4-130 -- -- -- -- -- -- -13 -20 -75 -- -- -- -- -- -- -- -- -- -- -- --

Roseburg to North
Umpqua River
126.8–119.6 -- -- -- -- -- -- -- -- -- -- -- -- 7.5 -.3 1.2 -- -- -- -- -- -- -- -- --
123.4–116.6 -- -- -- -5.4 -8.2 -122 -21 -32 -125 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
119.6–118.0 -- -- -- -- -- -- -- -- -- -- -- -- -31 -13 -83 -- -- -- -- -- -- -- -- --
118.0–116.6 -- -- -- -- -- -- -- -- -- -7.2 -3.0 -75 -- -- -- -- -- -- -- -- -- -- -- --
118.0–112.2 -- -- -- -- -- -- -- -- -- -- -- -- -.9 -2.2 -- -- -- -- -- -- -- -- -- --
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Figure 18. Uptake of nutrient load in selected reaches of the South Umpqua River, Oregon, September 23–25, 1991.
(Positive differences in load indicate potential nutrient uptake; negative differences indicate potential nutrient sources.)
The removal of DIN by algae, particularly
downstream from WWTPs, reduced DIN loads to low
levels. During August and September 1992, the DIN
load at Ruckles (RM 146.6) and at Oaks (RM 126.6)
was lower than the DIN load above Morgan Creek
(RM 165.3). DIN was apparently removed preferen-
tially from the river compared with TP or SRP, indicat-
ing possible nitrogen limitation.

The nitrogen:phosphorus ratio is often used as
an indicator of nutrient limitation; a value of approxi-
mately 7 indicates a proper balance in terms of algal
physiological requirements for the two nutrients (Rey-
nolds, 1984, p. 160–180; Welch, 1992, p. 131–141).
However, this value has been shown to be variable;

Shanz and Juon (1983) published a nitrogen:phosp
rus ratio of 10 to 20, and DeVries and Hotting (1985
published a ratio of 7 to 10.

The concept of nitrogen or phosphorus limita-
tion of algal growth must be qualified for the South
Umpqua River. Given the large concentrations of
nitrogen and phosphorus in some reaches, algal
growth may not be limited by either nutrient. In thos
reaches, space, light, or water temperature may lim
growth. Therefore, the concentration of a nutrient,
as well as the nitrogen:phosphorus ratio, should be
considered. Nevertheless, DIN:SRP ratios can be
indicators of the potential for growth and the meta-
bolic state of algae in the South Umpqua River.
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Evidence of nitrogen limitation downstream
from WWTPs can be found by examining the
DIN:SRP ratios in these reaches (fig. 19). The
DIN:SRP ratios in the Days Creek reach (RM 170–
165.3) were high and increased in a downstream
direction, indicating possible phosphorus limitation
in this reach, particularly in September 1992. The
sites upstream from the Myrtle Creek and Winston-

Green WWTPs (RM 150.7 and 132.6, respectively),
which are well downstream from any other known
nutrient sources, appear to have phosphorus-limitin
conditions as well. However, as more phosphorus is
discharged from the WWTPs and nitrogen is used b
periphyton communities, an apparent shift towards
nitrogen limitation occurs in the reaches located
immediately downstream from the WWTPs.
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l-
e
er

-
o-
-

st

e

at

-
-

f

at
tter

)

, a
al

n
d

-

-
i-

d
r).
The shift from phosphorus limited to nitrogen
limited, according to the DIN:SRP ratios, was less
marked immediately downstream from the Winston-
Green WWTP (RM 131.6) than immediately down-
stream from the Myrtle Creek WWTP (RM 150.7).
The difference was probably due to the use of alum
(aluminum sulfate) at the Winston-Green WWTP.
Alum is a flocculant that precipitates solids, thereby
reducing BOD and removing nutrients. Phosphorus
removal from the Winston-Green-WWTP effluent
(table 5) would move the system towards phosphoru
limitation. Downstream from the Winston-Green
WWTP, the DIN:SRP ratio continues to decrease un
nitrogen apparently becomes limiting again (fig. 19)
Two possible explanations for the decreasing ratio a
(1) there is a source of phosphorus in the reach
between Winston (RM 131.6) and Oaks (RM 126.6)
or (2) algae use nitrogen from the river faster than
algae use phosphorus, until the amount of nitrogen 
reduced to a limiting level. Although some increases
in phosphorus occurred in this reach during synoptic
surveys (figs. 17 and 18), the increases were not co
sistent; at times, load decreases also were noted. F
thermore, TP and SRP loads decreased during the d
surveys in this reach. The decrease in DIN:SRP rati
below Winston, therefore, was due to rapid uptake o
nitrogen by algae. The DIN:SRP ratio in the Winston
reach in September 1992 was greater than 10 at all
sites, indicating the potential for phosphorus limitatio
throughout the reach. Alum was not added on a regu
basis at the Winston-Green WWTP, however, and th
DIN:SRP ratio for this reach was probably more var
able over time than for upstream reaches.

ALGAL BIOMASS AND PRODUCTIVITY

Algal biomass is a measure of the accumulatio
of carbon that is fixed by an algal community. Algal
productivity is the net result of photosynthesis and
respiration and apparently controls DO and pH fluct
ations in most of the South Umpqua River. Photo-
synthesis during the day raises DO and pH; overnig
respiration has the opposite effect (eqs. 4 and 5). Alg
productivity is central to water-quality problems of the
South Umpqua River but varies greatly seasonally
and spatially. Two approaches were used to quantif
algal productivity: measured biomass and calculated
net aquatic-community productivity (of which algal
productivity is a part).

The species of algae present and the compos
tion of the associated macroinvertebrate communitie
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are important to an overall understanding of algal eco
ogy and water quality in the South Umpqua River. Th
dominant algal genera in the lower reaches of the riv
(below the city of Myrtle Creek at RM 150.0) included
the filamentous green algaeCladophora, Spirogyra,
andUlothrix and the diatomsFragilaria, Cocconeis,
andEpithemia (Anderson and others, 1994).

All macroinvertebrate sampling was done down
stream from Myrtle Creek. The most prevalent macr
invertebrate group was the midges (Insecta, Chirono
midae). Also common were flatworms (Turbellaria,
Planariidae), segmented worms (Oligochaeta), and
snails (Gastropoda) (Anderson and others, 1994). Mo
of the macroinvertebrates observed are classified as
collectors and gatherers. Therefore, with the possibl
exception of colonization ofCladophora tufts by
chironomid midges (Power, 1991), a phenomenon th
may occur in the South Umpqua River, the extent of
macroinvertebrate grazing on the periphyton commu
nity may have been negligible. However, epiphytic dia
toms (growing on or attached to filamentous algae)
may have been effectively grazed by some of these
invertebrates (Dodd, 1991).
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Although algal biomass is not a direct measure o
productivity, it is the result of the net accumulation of
carbon fixed by an aquatic community. Biomass
can be defined as the quantity of living matter present
any given time, expressed as the mass of organic ma
or chlorophyll per unit area or volume of habitat (Brit-
ton and Greeson, 1987, p. 307). Periphytic bio-
mass in streams is extremely variable because algal
growth is controlled by physical factors (light, sub-
strate, and velocity), chemical factors (nutrient loading
and biological factors (grazing). In addition, because
biomass tends to increase during the growth season
single measurement does not indicate the rate of alg
growth or accumulation. Algae were sampled using
either Surber or Hess samplers, which were placed o
the riverbed at representative locations (Anderson an
others, 1994, p. 10). Biomass as ash-free dry weight
ranged from 4 to 340 grams per square meter and
increased in a downstream direction (fig. 20), indicat
ing that algal biomass is positively correlated with
nutrient loading. Biomass generally was larger in Sep
tember than in June or August of 1991 and 1992, ind
cating that periphytic algal growth is cumulative and
that larger biomass measurements would be expecte
towards the end of the growing season (in Septembe
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Figure 20. Biomass (as ash-free dry weight) in the South Umpqua River, Oregon, June, August, and September 1991 and
June, August, and September 1992. (Sample size is 72.)
Exceptions to this seasonal pattern could be caused
(1) temporary scour events from rainstorms, (2) earl
growing seasons, as in 1992, that might result in
an earlier achievement of a “steady state” biomass,
or (3) the bimodal growth pattern ofCladophora,
wherein an initial biomass peak in early summer ma
be followed by a partial decline in biomass during
midsummer and a subsequent late season biomass
maximum (Bellis and McLarty, 1967; Whitton, 1970)

Productivity

Net productivity is the difference between tota
photosynthesis and respiration. Net productivity
was calculated by using a two-station analysis of die
53
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oxygen curves, as described by Odum (1956) and
Vollenweider (1974). Reaeration coefficients were
calculated from the O’Connor and Dobbins (1958)
formula for reaeration and based on time-of-travel an
reaeration studies done in the South Umpqua River
Basin in 1991 (Laenen and Woo, 1994). Reaeration
was calculated rather than measured because flow
conditions were different at the time of the diel sur-
veys than flow conditions during the reaeration studie
Physical characteristics for each reach (depth, width
and velocity) were assigned on the basis of reconna
sance surveys of the reaches (Anderson and others
1994) and adjusted for flow differences. These chara
teristics and the calculated reaeration coefficient are
shown in table 8.
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Table 8. Physical characteristics of the South Umpqua River, Oregon, June 22–26, August 3–7, and September 14–18, 1992
[Average width for each segment was computed from relations of stream discharge and cross-sectional width. Average depth for each segment was determined as the quotient of stream discharge and
computed3stream width. Average velocity for each segment was computed from relations of stream discharge and velocity and corrected according to travel times determined by dye studies (Laenen
and Woo, 1994). Reaeration coefficients were determined through the use of the formula by O’Connor and Dobbins (1958), which was previously shown to be applicable to the South Umpqua River
(Laenen and Woo, 1994). ft3/s, cubic feet per second]

Reach segment 0
and river mile 00

Discharge
(ft 3/s)

Average width
3(feet)3

Average depth
(feet)

Average velocity
3(feet/second) 3

Reaeration coefficient, k 2
(per day)

June
22–26

August
3–7

September
14–18

June
22–26

August
3–7

September
14–18

June
22–26

August
3–7

September
14–18

June
22–26

August
 3–7

September
14–18

June
22–26

August
 3–7

September
14–18

Days Creek Reach

170.0–166.8 85 50 33 115 110 105 1.7 1.5 1.4 .44 .30 .22 4.14 4.12 3.91

166.8–165.3 85 50 33 85 81 78 2.3 2.8 2.2 .44 .22 .19 2.63 1.38 1.85

Myrtle Creek Reach

151.3–149.7 131 77 66 126 117 115 4.9 4.7 4.4 .21 .14 .13 .58 .51 .54

149.7–146.6 131 77 66 130 125 122 4.0 4.1 4.2 .25 .15 .13 .86 .65 .58

146.6–145.2 131 77 66 210 192 188 3.0 2.7 2.5 .21 .15 .14 1.22 1.21 1.31

Winston-Green Reach

132.8–132.3 135 76 76 190 170 170 2.4 2.1 2.1 .30 .21 .21 2.04 2.08 2.08

132.3–130.0 135 76 76 195 175 175 3.6 4.0 4.0 .19 .11 .11 .88 .57 .57

130.0–126.6 135 76 76 220 195 195 2.6 2.6 2.6 .24 .15 .15 1.61 1.28 1.28



d
t
n
y
ar-

nt

.

 in
in
-

Results from net aquatic-productivity calcula-
tions are given in table 9. Each value represents pro
ductivity in the stream segment immediately upstrea
from that site; a reach with four data-collection sites
therefore, will have three values available for produc
tivity calculations. The results of the productivity cal-
culations are in general agreement with the patterns
other water-quality parameters measured in the Sou
Umpqua River during the diel surveys. That is, there
a trend toward increasing productivity downstream,
and the greatest productivity is immediately down-
stream from point sources of nutrients. The magni-
tudes of these net productivity values also were simil
to those found for periphyton in the Willamette River
(Gregory, 1993), but maximum productivities in the
South Umpqua River (2–4 grams of oxygen per squa
meter per day) were slightly larger than the maximum
productivities in the Willamette River (1.5–2.5 grams
of oxygen per square meter per day).
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Table 9. Net aquatic-community productivity,
South Umpqua River, Oregon, June 22–26,
August 3–7, and September 14–18, 1992
[Productivity was determined by using 24-hour measurements of oxyge
and a two-station analysis as outlined by Odum (1956); g O2/m2/d, grams
of oxygen per square meter per day; ‘-- ’, missing data]

Net aquatic-community
productivity (g O 2/m2/d)

Reach

Stream
segment

(river mile)
June
22–26

August
 3–7

September
14–18

Days Creek 170.0–166.8 -0.82 -- -0.44

166.8–165.3 -.83 -- .32

Myrtle Creek 151.3–149.7 -.18 1.31 .87

149.7–146.6 .02 -.68 .65

146.6–145.2 1.42 .21 .29

Winston 132.8– 132.3 .38 -- 3.42

132.3–130.0 2.10 3.77 1.95

130.0–126.6 .61 .88 .72
Few seasonal trends in productivity were ob-
served in 1992, possibly because of drought (fig. 21
Lower than normal streamflows could have caused
the maximum productivities to be reached earlier in
the summer in many parts of the stream, with the
remainder of the summer consisting of various cycle
of decay and regrowth (maintenance of biomass).
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A negative net productivity indicates that a reach ha
greater respiration than productivity, suggesting tha
respiration by aquatic animals or bacteria, rather tha
by algae, was predominant. Negative net productivit
occurred most frequently in the upstream reaches (p
ticularly near Days Creek), which is consistent with
the conceptual model of a less eutrophic environme
upstream of nutrient inputs from the first significant
WWTP in Canyonville. Uptake of DIN was well cor-
related with net productivity during September 1992

RELATIONS AMONG WATER QUALITY,
NUTRIENTS, AND PRODUCTIVITY

During the study period exceedances of the
State standards for DO and pH generally increased
frequency and magnitude in a downstream direction
the South Umpqua River (figs. 9 and 11) and in sum
mer (figs. 10 and 12). Nutrient dynamics have been
detailed, and increasing downstream concentrations
loads, and uptake were noted for phosphorus and
nitrogen (figs. 15, 17, and 18). Finally, net aquatic-
community productivities calculated for three reache
were found to increase in a downstream direction
(fig. 21).

A problem encountered when investigating
nutrient, DO, and pH relations in a system such as
the South Umpqua River, where large loads of nutri
ents are lost to uptake and storage within algal mats
is that the measurement of a nutrient concentration
(or load) at a site is, in most cases, an underestimat
of the actual amount of nutrient that is either available
stored, or transported in that reach. As a result of th
potential for rapid recycling of low concentrations
of nutrients in streams that support large growths
of periphytic algae (Mulholland and others, 1991;
Mulholland and Rosemond, 1992), as well as of the
unmeasured load exported in unsampled, drifting ma
of algae, much of the nutrient-processing capacity ca
not be assessed when stream water is sampled at
a point. For that reason, nutrient properties other tha
ambient water-column concentrations or loads were
used to determine relations among DO, pH, and pro
ductivity. These properties include nutrient uptake an
upstream nutrient concentrations. Uptake provides a
measure of the metabolic activity that has occurred
between two sites, whereas the concentration at an
upstream site represents the amount of nutrients av
able for uptake within the reach between the two site

n



-
e

-1.0

4.0

-1.0

-0.5

0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

N
E

T
 A

Q
U

A
T

IC
 P

R
IM

A
R

Y
 P

R
O

D
U

C
T

IV
IT

Y
, I

N
 G

R
A

M
S

 O
X

Y
G

E
N

 P
E

R
 S

Q
U

A
R

E
 M

E
T

E
R

 P
E

R
 D

A
Y

110180 110120130140150160170

RIVER MILE

June

August

September

RoseburgWinston-GreenMyrtle CreekCanyonville

Wastewater-treatment-plant location

Figure 21. Net aquatic productivity during diel surveys, South Umpqua River, Oregon, 1992, as calculated from two-station
analysis of 24-hour oxygen curves.
Although nutrient uptake and upstream nutrient con-
centrations represent parts of the nutrient budget that
are not included in measurements of nutrient concen-
trations in the water column, they still may not fully
quantify the availability of nutrients to algae because
of unmeasured recycling processes.

The 1991 and 1992 distributions of daily mini-
mum DO values and their associated nutrient con-
centrations indicate several relationships (fig. 22).
For median SRP, TP, and DIN concentrations higher
than 0.04, 0.06, and 0.18 mg/L, respectively, all
sites exceeded the State standard for minimum DO.

These SRP, TP, and DIN concentrations might be
considered extremely low in some river systems;
however, in the South Umpqua River, these concen
trations were within the 85th to 95th percentile rang
of the concentration distributions and occurred
almost exclusively at the fixed station in Roseburg
(RM 118.0). At lower concentrations of SRP, TP,
and DIN, the frequency of DO standard violations
decreased slightly, but for almost any given concen-
tration, more than 50 percent of the samples had
DO concentrations that were in violation of the State
standard. This pattern was similar for exceedances
of the State standard for pH as well.
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Figure 22. Deviation from saturation of daily minimum dissolved oxygen concentration and associated median concen-
tration of soluble reactive phosphorus, total phosphorus, and dissolved inorganic nitrogen in the South Umpqua River,
Oregon, 1991 and 1992.
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The reason that 100-percent violations of th
DO standard at high nutrient concentrations
occurred mostly at the Roseburg site was that suc
high nutrient concentrations were not observed in
any other reach of the river. When upstream nutrie
concentrations are considered, however, a larger
number of sites fall into the 100-percent violation
category, including reaches below both Myrtle
Creek and Winston (fig. 23). This is because the
upstream nutrient concentration takes into accoun
the concentration immediately below point source
When upstream nutrient concentration data are
used, 100-percent violations of the DO standard
occurred at SRP, TP, and DIN concentrations great
than 0.03, 0.05, and 0.2 mg/L, respectively. Again
however, concentrations of those magnitudes are
common in the South Umpqua River, falling within
the 80th–90th percentile range of upstream conce
trations calculated in the South Umpqua River for
1990–92.

Figure 24 shows the percentage of DO and p
measurements exceeding State standards for ran
of calculated upstream SRP, TP, and DIN concen
trations; each range of concentration is based on 
least 10 measurements made during synoptic sur
veys (figs. 9 and 12). DO and pH standards gener
ally were exceeded in more than 50 percent of the
measurements, even at low nutrient concentration
The frequency of violations increased with increas
ing nutrient concentrations.

Linear regression analyses of daily minimum
DO and daily maximum pH were evaluated for
relations with nutrient concentrations, both at a sit
and at the next site upstream, for all samplings on
the main stem of the South Umpqua River. None 
these regressions produced correlations that wou
indicate that more than about 50 percent of the va
ability could be explained by individual nutrient
concentrations. Segregation of the data by low or
high N:P ratio (nitrogen or phosphorus limited)
produced small but insignificant increases in corre
lation. The low correlations could have been cause
by the preponderance of observed nutrient conce
trations that were either very low or very high (75th
percentile concentrations of upstream SRP, TP, a
58
s

DIN were 0.025, 0.035, and 0.11 mg/L, respec-
tively). Samples with intermediate nutrient concen-
trations, necessary for statistically meaningful
correlations, were sparse.

Regressions of net productivity relative to
DIN, TP, and SRP uptake loads measured in June
August, and September 1992 and in September 19
alone were done to determine possible correlation
(table 10). DIN uptake was correlated most closely
with algal productivity during the low-flow period of
September 1992. Uptake of TP was highly correlate
with productivity (r2 = 0.83) when all data points for
September were considered; however, the correlati
was due primarily to the value from the reach imme
diately below the Winston-Green WWTP. Removal
of this data point resulted in a correlation that was
significantly reduced (r2 = 0.43). In contrast, the
close correlation of DIN uptake with productivity
(r2 = 0.86) was not greatly affected by removal of th
outlying data point (r2 = 0.74), indicating that the
overall relation of productivity to uptake of DIN was
stronger than for TP. Results of a regression analy
of productivity and SRP uptake indicated a poor co
relation between the two variables; the correlation
was changed little by omitting the outlying data poin
from the Winston reach. The cause of the poor cor
lation may have been that concentrations of SRP i
many stream samples were at or below the minimu
reporting levels for the analysis; uptake determina-
tions, therefore, may have been erroneous. Rapid
recycling of low concentrations of phosphorus from
nonpoint sources in phosphorus-limited reaches m
mask the true nutrient inputs, thus contributing to
errors in SRP uptake estimates.

Data from September 1992 provided the bes
overall fit between nutrients and productivity. Poole
linear regressions of all productivity calculations re
ative to DIN uptake from all surveys yielded a regre
sion coefficient of 0.56; whereas, regressions with
phosphorus for uptake, concentration, concentratio
at upstream sites (assuming instantaneous mixing
WWTP-outfall locations), instream loads, and
reach-area-adjusted loads failed to produce
coefficients larger than 0.50.
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Oregon, 1991 and 1992.
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Soluble reactive phosphorus

Total phosphorus

Dissolved inorganic nitrogen

100%84%74%55%20%

100%92%82%71%55%20%

100%94.5%84%71%61%43%21%

Table 10. Correlation coefficients from linear regressions of
net productivity and nutrient uptake, South Umpqua River,
Oregon, 1992
[DIN, dissolved inorganic nitrogen; TP, total phosphorus; SRP, soluble
reactive phosphorus; n, number of samples; RM, river mile. One TP value
from September 1992 at RM 132.3 was considered an outlier]

Diel survey data set
DIN

uptake

DIN
and TP
uptake

TP
uptake

SRP
uptake

September 1992 (n = 8) 0.86 0.91 0.83 0.26

September 1992, without
RM 132.8-132.3 (n = 7)

.74 .73 .43 .25

June, August, and
September 1992 (n = 20)

.56 .56 .18 .09

Figure 24.  Percentage of dissolved oxygen and pH values in
violation of Oregon State standards for ranges of upstream
concentrations of soluble reactive phosphorus, total phospho-
rus, and dissolved inorganic nitrogen in the South Umpqua
River, Oregon, 1990–92. (Percentage shown beneath concen-
tration is cumulative frequency of nutrient concentrations.)
MANAGEMENT ALTERNATIVES

Nutrient loading to the South Umpqua River ha
caused the river to become eutrophic and has limite
the beneficial uses of the river. Preceding discussio
have demonstrated that the proliferation of periphyti
algae in the South Umpqua River is the result of nut
ent loadings to the river (fig. 7). Nuisance growths o
algae degrade the quality of the river water by causin
low concentrations of DO in the morning and high
values of pH in the afternoon.

Possible management alternatives for the Sou
Umpqua River that would reduce point-source nutrien
inputs include flow augmentation, land application an
storage of WWTP effluent, and reduction of nitrogen
and (or) phosphorus loading from WWTP effluent
(tertiary treatment). Tertiary treatment commonly is
used to reduce nutrient loading to receiving water.
Tertiary treatment may include biological oxidation
of ammonia to nitrate (nitrification) and subsequent
biological reduction of nitrate to nitrogen gas (denitr
fication); phosphorus can be removed by biological
and chemical methods.

The most significant water-quality problems in
the South Umpqua River occur during the algal grow
ing season (generally from May through October). A
reasonable time period for management of water qu
ity in the South Umpqua River, therefore, is May 1 to
October 1 (summer). Median monthly streamflow at
the South Umpqua River near Brockway is 1,610 ft3/s
in May and reaches a low of 114 ft3/s in September
(Moffatt and others, 1990).
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This discussion of management alternatives as-
sumes that nutrient loadings remain similar to levels
observed in 1990–92. For example, the DIN concen-
tration in the effluent of the Canyonville WWTP
(RM 163.0) was consistently low (median concentra-
tion of 3.2 mg/L) during the summers of 1991 and
1992 (table 5). If these conditions were to change
significantly, such that DIN in the WWTP effluent
increased to levels similar to the other major WWTPs
in the South Umpqua River Basin, the nitrogen load-
ing to the South Umpqua River below Canyonville
would change and could have effects downstream in
terms of DO and pH exceedances. DO and pH exceed-
ances may also occur if phosphorus removal using
alum, a process currently employed for BOD removal
at the Winston-Green WWTP, is discontinued.

Flow Augmentation

Flow augmentation is frequently used as a par-
tial solution to water-quality problems. In the South
Umpqua River, a relation exists between stream dis-
charge and the magnitude of problems associated with
algae, such that higher flows during late spring and
early summer have resulted in higher minimum DO
and lower maximum pH. However, the effectiveness
of flow augmentation may vary considerably from
year to year because of variation in light, temperature,
and length of the growing season.

The May 1 to October 1 periods of 1990–93 rep-
resent a typical range of summer flow conditions in the
South Umpqua River Basin. Mean daily discharges at
the South Umpqua River near Brockway (RM 132.8)
during these summers were 464, 848, 229, and
1,247 ft3/s, respectively (U.S. Geological Survey,
1991–94), indicating that flows in 1993 were substan-
tially greater than those in the previous three summers
and that flows during 1992 were substantially less than
in 1990, 1991, and 1993. Data from 1993 were used
even though data collection specifically for this study
ended in fall 1992, because 1993 was the first rela-
tively wet summer after 1986, when modification were
made to the Roseburg WWTP. During the intervening
years, persistent drought conditions caused low flows
in the South Umpqua River.

Water-quality data recorded at South Umpqua
River near Roseburg during the summers of 1990–93
indicate the effects of summertime flow on water

quality (fig. 25). During 1993, the median of the dail
mean water temperatures at the Roseburg station w
approximately 2°C cooler than in 1992 and slightly
cooler than in 1991 and 1990. Also, the extremely
warm temperatures (greater than 25°C) recorded
during 1990–92 occurred less frequently and cooler
temperatures (less than 17°C) occurred more fre-
quently than in the previous three summers. In
contrast, daily mean water temperatures in 1992
were higher and the distribution was narrower than
in previous years, suggesting that 1992 represented
the most stable (and degraded) conditions during th
1990–93 time period.

In 1993, the high summer flows and low stream
temperatures in the South Umpqua River Basin re-
sulted in increased DO concentrations; the daily DO
minimum was greater than 80 percent of saturation
on more than one-half of the days, and no measure
ments of less than 60 percent saturation were record
(fig. 25). However, although conditions improved in
1993, only about 15 percent of the DO minima did no
fall below the State standard of 90 percent saturatio
Almost all nonexceedance days were in May 1993,
and August–October daily minimum DO concentra-
tions always violated the 90-percent standard. Of th
4 years studied (1990 to 1993), flows were lowest in
1990 and 1992. DO concentrations were lowest durin
the summers of 1990 and 1992, and extremely low
concentrations of DO (less than 50-percent saturatio
occurred more frequently during 1990 and 1992 tha
during 1991 and 1993.

Daily maximum pH also improved (decreased)
when flows increased in 1993. Exceedances of the
State standard for pH (8.5 units) were recorded on
only one-half of the days at the Roseburg site, and
the maximum recorded pH was 9.0. During 1992,
nearly as many measurements of daily maximum pH
exceeded 9.0 as met the State standard. The year 1
was an intermediate flow year and had exceedance p
terns that were also intermediate to the extremes of p
in 1992 and 1993.

Although it appears that the high flows in 1993
were at least in part responsible for improvements
in water quality at the Roseburg site, it is unclear to
what extent this improvement may have been due to
decreased light availability. High flows that result from
summer rainstorms might be associated with reduce
light due to an increase in cloud cover.
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Figure 25. Daily mean water temperature, daily minimum
dissolved oxygen concentration, and daily maximum pH
near Roseburg, Oregon, from May 1 to October 1, 1990,
1991, 1992, 1993. (Mean daily discharge at the Brockway
gaging station was 464, 848, 229, and 1,247 cubic feet per
second in 1990, 1991, 1992, and 1993, respectively.)
Algal productivity can be correlated with light
availability (Gerloff and Fitzgerald, 1976; Graham
and others, 1982; Wootton and Power, 1993); thus,
decreased light availability could partially account fo
the apparent decrease in algal activity at the Roseb
site. This correlation is important when considering
flow augmentation, because increased flows during
an otherwise hot, dry, sunny summer may not assur
the same degree of water-quality improvements
that were noted during 1993. The degree to which
decreased light may have contributed to the water-
quality improvements in 1993 is speculative, howeve
because the light meter used in previous summers w
removed from the Winston-Green WWTP in Octobe
1992.
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Assuming that flow augmentation could enhanc
water quality, it is not clear from the 1993 data what
increase in flows would be necessary to control alga
growth in the South Umpqua River. The answer is
partially dependent on whether there is a need to me
State of Oregon standards for DO and pH at all time
and all places. For instance, even in summer 1993,
the pH and DO standards were exceeded at the
Roseburg site on 90 and 100 percent of the days,
respectively, during August and September. Howeve
it is likely that upstream sites were more frequently in
compliance with State standards. An indication of the
effects of high flow on the upper part of the basin wa
found during the synoptic surveys of June 1991 and
May 1992, when flows were 855 and 455 ft3/s, respec-
tively, and most of the basin was in compliance with
State DO and pH standards (figs. 9 and 11). Howeve
many sites, including those upstream from Canyon-
ville, came close to exceeding the standards on sam
pling dates and probably did exceed these standards
other times. Even if flow conditions had remained sta
ble at those levels in 1991 and 1992, violations of DO
and pH standards would have become increasingly
frequent as the summer growing seasons progresse
nd
e

n

-

s.
If exceedances of the State standards for DO a
pH are to be minimized, summertime discharges at th
gaging station near Brockway would probably have
to be maintained at levels in excess of the 1993 mea
summertime flow of 1,247 ft3/s, and even those flows
were not sufficient to eliminate violations at the Rose
burg site. In 1993, the August–September mean flow
was 321 ft3/s; moderation of the high flow in May and
June, coupled with release of more flow during late
summer, might have improved water-quality condition
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However, such a levelling of flow might allow
increased growth of algae in May and June, as was
noted in 1991 and 1992. The 1993 total summer flo
(May to October) was 378,000 acre-feet of water,
which was less than the storage obtainable with one
of the design alternatives for the proposed Days Cre
Lake project (U.S. Army Corps of Engineers, 1971).
Water storage under this alternative would be 480,00
acre-feet, and releases would maintain water tem-
peratures at less than 13°C and flow at 750–900 ft3/s
throughout the summer.

Violations of the State standard for percent of
DO saturation at the Roseburg site also occurred
from November to April during 1991–93. Mean
flows during those time periods were 3,056, 1,831,
and 4,787 ft3/s, respectively, and violations of the
DO standard occurred on 50 percent, more than
25 percent, and more than 50 percent of the days
(U.S. Geological Survey, 1991–93). Thus, even with
limited light and cold temperatures, the higher flows o
winter were not enough to maintain DO and pH within
State standards below the Roseburg WWTP. Howev
factors controlling DO and pH during winter may be
different from factors controlling these parameters
during summer.

Several other aspects of water quality in the
river could be affected by flow augmentation, which
in turn could affect algal growth and ultimately DO
and pH concentrations. Scouring of algal mats due 
increased water velocity might help prevent the accu
mulation of periphytic biomass, as would increased
inhibition of light caused by increased turbidity and
added depth. Factors tending to increase DO and
lower pH include increased physical reaeration; de-
creased temperature, which increases DO solubility
and decreased nutrient concentrations resulting from
dilution (thereby decreasing algal growth). However
in places, especially near an impoundment outflow,
nutrient concentrations could increase (depending o
nutrient dynamics in the impoundment) and increas
suspension of sediment or other particulates could o
cur. Because of resuspension, lack of uptake (if alga
productivity were significantly curtailed), and addi-
tional loads from an impoundment, dilution of nutrien
concentrations would not be proportional to increase
in flow.
.

One mode of flow augmentation that might
prove useful in helping to control algal biomass woul
be periodic releases from reservoirs to produce flow
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peaks downstream. These high flows would probab
scour unhealthy algae from attachment points or fro
floating mats and thereby reduce algal biomass for 
time. However, as during the fall storms in 1991 and
1992, it is possible that such high flows could produc
undesirable, temporary decreases in the daily mini-
mum DO because of BOD created by dying algae.
Also, such flows could actually cause increases in p
mary production, because the removal of dying alga
would enhance the productivity of healthy algae tha
resisted scouring (Power, 1992). Nevertheless, the u
of periodic disturbances to control algae might warra
additional study and testing.

Land Application and Storage of Effluent

A combination of land application and storage
of WWTP effluent during the summer months could
effectively prevent the effluent from reaching the
South Umpqua River. (Storage of all summertime
effluent may be an option for the smaller WWTPs).
If land application and storage were practiced for eac
WWTP in the South Umpqua River Basin, most of th
nutrient load would be eliminated from the system.
Algal growth would be reduced, and if nutrient input
from nonpoint sources remained at 1990–92 levels,
DO and pH values would be expected to approxima
present conditions in the upper reaches of the South
Umpqua River.

Because the Roseburg WWTP is the largest
in the South Umpqua River Basin, calculations for
that facility illustrate the largest degree of land appli
cation and storage necessary for any facility in the
basin. For May 1 to October 1 (summer), 1992, the
Roseburg WWTP discharged a median of 3.5 Mgal/
of effluent (table 5), which could have been used to
irrigate crops. The quality of WWTP effluent has
not been shown to be suitable for direct contact with
crops for human consumption, so other crops are co
sidered. Alfalfa hay in the Umpqua region requires
an average of 19.14 inches of net irrigation water
from May 1 to October 1 (Cuenca and others, 1992)
(Net irrigation requirement was calculated by sub-
tracting the effective precipitation from the crop water
requirement; consequently, the net irrigation also
includes the effects of evapotranspiration.)
At this rate of irrigation, 1,040 acres of alfalfa hay
would be needed to use the median effluent flow
from the Roseburg WWTP from May 1 to October 1
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Similar calculations show that 784 acres of apples or
1,170 acres of silage corn could be irrigated using the
effluent of the Roseburg WWTP. Fiber-producing trees
such as poplar also could be irrigated to provide an
economic benefit. Landscaped acreage, such as golf
courses, could also be irrigated with WWTP effluent.
Ideally, the irrigated land would be in close proximity
to the WWTP in order to decrease pumping costs.

An economic analysis of such alternatives
would include crop value, operational costs (including
storage and pumping), nutrient content of the effluent,
nutrient requirements of the crop, and land value. It
might also be necessary to assess potential retention
and accumulation of effluent trace elements in soil.
Any runoff or return flow would have to be managed;
if the quality were satisfactory, the return flow could
be discharged to the South Umpqua River.

Storage of WWTP effluent would be a necessary
component of land-application scenarios. Temporary
storage would be necessary early in the growing
season (May), when precipitation would meet much
of a crop’s water requirements. Late in the growing
season (September), crop water requirements are again
comparatively small, so effluent would be stored until
discharge to the South Umpqua River was resumed.

If land application and storage are chosen as
effluent-management solutions, they may be needed
at each major WWTP that is discharging to the South
Umpqua River. Calculation of the area needed for
land application would be proportional to the median
effluent flow for each facility (table 5). For example,
at the Riddle WWTP, the median effluent flow of
0.113 Mgal/d would irrigate 33 acres of alfalfa hay.

Reduction of Nitrogen Loading

Nitrification of WWTP effluent alone probably
would not be effective for controlling algal growth
in the South Umpqua River because of the observed
rapid NO3

- downstream from point sources. Ammonia
that is oxidized to NO3

- would still be available for
algal consumption once it entered the stream. Both
nitrification and denitrification as tertiary-treatment
strategies, therefore, will be assumed in the discussion
of nitrogen removal as a management alternative.

There are several indications that algal biomass,
as well as DO and pH exceedances, could be reduced

in the South Umpqua River if nitrogen loading were
reduced. These indications include (1) the rapid
uptake of DIN as ammonia and as NO3

-, (2) nitrogen-
to-phosphorus ratios that are between 1 and 6 imme
ately downstream from most WWTPs, (3) positive
correlations of DIN uptake with net community
productivity, (4) the possibility that nitrogen-fixing
algae associated with periphytic communities are
present in the South Umpqua River, and (5) the pote
tial for natural phosphorus sources in the Umpqua
National Forest or inputs of phosphorus from ground
water (J.C. Greene, Oregon State University, unpub
data, 1992). Thus, tertiary treatment to enhance
nitrogen removal from WWTP effluent could produc
a more immediate reduction in algal biomass or
productivity in certain places than would removal of
phosphorus.

The best indication of the potential effects of
nitrogen removal as a WWTP-treatment method
may have been provided by current processes at th
Canyonville and Riddle WWTPs. These two WWTP
are similar in size (table 1), and flows in Cow Creek
(which receives effluent from the Riddle WWTP)
are similar to those in the South Umpqua River nea
Canyonville for at least a part of the summer (figs. 2
and 10). Phosphorus loads in the effluent of the two
WWTPs are comparable (table 5). Finally, nutrient
concentrations upstream from the WWTPs (South
Umpqua River at Days Creek and Cow Creek near
Riddle) also are similar (fig. 16). Although oxidation
of ammonia to NO3

- (nitrification) apparently occurs
in the WWTP at Riddle, there is no removal of NO3

-

prior to discharge into Cow Creek, so that median DIN
loads in the effluent at Riddle are more than twice
those at Canyonville (table 5).

Median minimum DO, maximum pH, and SRP
TP, and DIN concentrations from synoptic surveys
at monitoring sites immediately downstream from
the Canyonville and Riddle WWTPs are shown in
table 11. Although the South Umpqua River at
Canyonville site is closer to the Canyonville WWTP
than the mouth of Cow Creek is to the Riddle WWTP
minimum DO saturation was lower and maximum pH
values were higher at the Cow Creek site than at the
Canyonville site, indicating increased algal productiv
ity. Conversely, nutrient concentrations were lower
at the mouth of Cow Creek than downstream from
Canyonville, indicating the probability of greater alga
uptake between the Riddle WWTP and the mouth tha
exists immediately downstream from Canyonville.
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Table 11. Comparison of median water-quality parameters
downstream from the Canyonville and Riddle, Oregon,
wastewater-treatment plants, 1990–1992
[Water-quality values are medians of values from synoptic surveys.
WWTP, wastewater-treatment plant; DO, dissolved oxygen; SRP,
soluble reactive phosphorus; TP, total phosphorus; DIN, dissolved
inorganic nitrogen; mg/L, milligrams per liter]

Site

Distance
from

WWTP
(miles)

Minimum
DO

(percent
satura-

tion)

Maxi-
mum
pH

SRP
(mg/L)

TP
(mg/L)

DIN
(mg/L)

South Umpqua
River at
Canyonville

0.4 88 8.7 0.008 0.019 0.056

Cow Creek
near mouth

2.0 78 8.8 .004 .013 .024
Reconnaissance surveys confirmed that algal growt
was prolific in the last 2 miles of Cow Creek, where-
as no major mats of algae were noted in the South
Umpqua River immediately downstream from
Canyonville (Anderson and others, 1994).

Concentrations of SRP and TP at points of
discharge from the Canyonville and Riddle WWTPs
assuming instantaneous mixing and a discharge of
60 ft3/s in each stream, are approximately 0.01 and
0.018 mg/L, respectively. The contributions of DIN
from these two WWTPs would result in concentra-
tions of 0.06 and 0.04 mg/L, respectively. Because
the volume of effluent was small when compared to
streamflow for these WWTPs, the concentrations of
nutrients in the effluent need not be reduced to the
same concentrations as the upstream river water to
produce a significant dilution in effluent load below
the discharge point. Even with nitrogen removal at th
Canyonville WWTP, exceedances of the DO and pH
State standards occur frequently downstream from th
outfall (table 11 and fig. 9).

Another caveat when considering nitrogen re-
moval as a management alternative is that the resulti
nitrogen limitation might contribute to a shift of the
algal community, from filamentous green algae and
diatoms to nitrogen-fixing algae such asEpithemia
diatom species (Power, 1991),Nostoc, Anabaena,
or Oscillatoria. Such algae could prove difficult
to manage and could increase nitrogen loads in the
stream after senescence.
65
Reduction of Phosphorus Loading

One management alternative is to create phos
phorus limitation in the South Umpqua River and Cow
Creek by reducing phosphorus loading from WWTP
effluent. This practice can be attractive to water-
management agencies, because controlling phosph
rus sources is easier than controlling nitrogen source
The Winston-Green WWTP, which currently uses
alum (aluminum sulfate) to reduce effluent BOD
concentrations, achieved median effluent SRP conc
trations of 0.45 mg/L. That concentration represents
an approximate 85-percent reduction from the media
SRP concentration at that WWTP when alum was
not being applied, a reduction consistent with typica
alum phosphorus removal efficiencies (Viessman an
Hammer, 1985).
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Because of the addition of alum at the Winston
Green WWTP, the phosphorus concentration of the
effluent was almost an order of magnitude less than f
the other WWTPs. Assuming that the other WWTPs
used similar single-stage alum addition and assumin
that future median discharges from these WWTPs a
the same as during 1991–92 (table 5), the combined
SRP load to the river from the five major WWTPs
would be approximately 9.0 kg/d. However, with add
tional treatment, removal efficiencies could approac
95 percent (Viessman and Hammer, 1985), thereby
reducing the daily combined SRP load to the South
Umpqua River from WWTP effluent to approximately
3 kg/d.

Unless it is nearly complete, however, phos-
phorus removal alone probably will not alleviate
DO and pH problems in the South Umpqua River.
For example, even downstream from the Winston-
Green WWTP, where some phosphorus removal
occurs, there are DO and pH problems. Nitrogen-to
phosphorus ratios in the South Umpqua River down
stream from the Myrtle Creek WWTP to the mouth
indicate possible nitrogen limitation (fig. 19). These
considerations make it difficult to predict the result
of phosphorus reduction in the absence of nitrogen
limitation.
Also, although phosphorus removal might help
control algal growth in the South Umpqua River, it
could create other problems, including increased nit
fication and ammonia toxicity. If phosphorus limitation
were achieved, reductions in algal biomass, net com
munity productivity, and nutrient uptake could result.
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When a diminished uptake of ammonia is accompa-
nied by unchanged nitrogen concentrations in WWTP
effluent, nitrification and ammonia toxicity could
create even greater problems.

Nitrification as an Effect of
Phosphorus Load Reduction

The potential effects of nitrification on DO were
found to be minimal, except in the reach downstream
from the Roseburg WWTP. Using conservative figures
to determine the worst-case effect of nitrification asso-
ciated with phosphorus removal at WWTPs, a mass
balance of ammonia concentrations was calculated,
and the potential for nitrification was assessed based
on the resulting ammonia concentrations. This calcu-
lation assumes that (1) the concentration of SRP in the
WWTP effluent is 0.07 mg/L (that value is conserva-
tive, because such a concentration creates severely
phosphorus-limited conditions in the river and effec-
tively reduces the ammonia uptake to a minimum),
(2) concentrations of phosphorus and nitrogen species
in tributaries were the median values observed in
1991–92, (3) ammonia is the preferred form of nitro-
gen for uptake by periphyton, (4) the concentration of
DIN (in particular, ammonia) in the WWTP effluent
remains unchanged from 1992 levels, (5) the ratio of
uptake of nitrogen to uptake of phosphorus by algae in
the river is 13:1 (13:1 is the mean of the uptake ratios
in table 7, in which uptake is indicated for DIN and
SRP), (6) algal uptake reduces SRP to 0.001 mg/L
after inputs from each point source, (7) flows are
35 ft3/s at South Umpqua River at Tiller and 65 ft3/s
at Cow Creek near Riddle, and the discharges from
the WWTPs are equal to the median of their 1992
discharges (table 5), (8) no significant nonpoint or
ground-water inputs to the river are present, and
(9) nitrification consumes 4.33 grams of oxygen for
every gram of nitrogen oxidized (Velz, 1970).

In performing the calculations for this mass bal-
ance, determination of the uptake of phosphorus loads
resulting from the inflow of a tributary or point source
were based on a comparison with nutrient uptakes
observed during 1990–92 (table 7) at a particular site.
The resulting SRP uptake was multiplied by 13 to
determine the ammonia uptake in the same stream
segment, and that amount was subtracted from the
total ammonia load to indicate the amount available
for nitrification.

The results of the mass balance indicated that
the incoming phosphorus was used so quickly that

SRP concentrations had returned to 0.001 mg/L at
the next site downstream from each source. Because
small amounts of nitrogen uptake relative to
the size of the incoming loads, ammonia concen-
trations increased significantly below each source.
To determine the effect of nitrification on DO, the
river was divided into three reaches corresponding
to the sources of nutrients and resulting ammonia
concentrations: Days Creek to Myrtle Creek
(RM 170.0–150.7), Myrtle Creek to Roseburg
(RM 150.7–119.5), and Roseburg to the mouth
(RM 119.5–111.7). These reaches were labelled low
medium, and high nutrient reaches, respectively.

The consumption of ammonia from nitrification
was determined by using the rate equation:

LT = LO10-kt (6)
where
LT = the ammonia load remaining at time t,

in kilograms per day,
LO = the original ammonia load,
k = the nitrification rate per day, and
t = the time in days.

The time used in the nitrification calculations
was the travel time in the river between nutrient
sources. The nitrification rate (k) was selected on the
basis of ammonia concentrations in each river reach
and the likelihood that healthy populations of nitrify-
ing bacteria could become established and thrive ov
the course of the summer. In reaches with low con-
centrations of ammonia,k was lower than in reaches
with high ammonia concentrations. Values chosen f
k may be higher than actual values because (1) late
growing season flow conditions were simulated,
(2) water temperatures in the South Umpqua River ca
be quite warm (as high as 30°C in the lower reaches of
the river), (3) the river’s cobble-to-bedrock substrate
could be highly conducive to nitrification, and (4) the
calculation was intended to provide an estimate of
maximum oxygen consumption by nitrification. The
k values were 0.05, 0.2, and 0.4 per day in the reach
with low, medium, and high nutrient concentration,
respectively. Thesek values may be underestimated;
however, measured nitrification rates were approxi-
mately 0.7 per day in the Willamette River in the
1970’s (Hines and others, 1977), and in the Tualatin
River, where ammonia concentrations are larger,
rates were approximately 0.06 per day (V.J. Kelly,
U.S. Geological Survey, oral commun., 1993).
66



l

ri-
ns
o-

s
r

r

ass
-

us

y

he

s

e

The resulting profile of ammonia concentration
from the mass balance, before calculation of the nitri-
fication consumption, was 0.02, 0.3, and 0.4 mg/L
in the low, medium, and high concentration ranges,
respectively. The calculated medium and high concen-
trations are considerably higher than river concentra-
tions of ammonia observed during 1990–92 (Anderson
and others, 1994, table 9). Except for the reach with
the highest concentration (downstream from the
Roseburg WWTP), however, the effect on DO from ni-
trification was minimal. When equation 6 was
applied, the ammonia loads were consumed almost
entirely, in each case resulting in ammonia concen-
trations below 0.02 mg/L that were accompanied
by decreases in DO of 0.02, 0.35, and 1.66 mg/L in
the reaches with low, medium, and high ammonia
concentration, respectively.

In the reach below Roseburg, nitrification could
consume up to 1.6 mg/L of DO if phosphorus removal
resulted in increased ammonia concentrations. This
amount of DO consumption is significant, considering
that water temperatures in this reach regularly exceed
25°C and have been as high as 30°C; in this tempera-
ture range, the saturation concentration of DO is be-
tween 7.5 and 8.2 mg/L. The consumption of 1.6 mg/L
of DO would result in DO saturation between 75 and
80 percent, assuming that algal production or benthic
respiration were not significant. However, algal
production, in the form of uptake of SRP and some
ammonia is assumed to occur as part of this scenario,
albeit at a lower rate. There would be, therefore, a
small contribution to the daily DO cycle from periphy-
ton, and the minimum DO saturation could be even
less than the 75 to 80 percent previously mentioned,
because of algal respiration.

Ammonia Toxicity as an Effect
of Phosphorus Load Reduction

Ammonia toxicity, resulting from phosphorus
load reduction, probably would be of concern only
downstream from the Roseburg WWTP. With de-
creased phosphorus loading, and in the absence of
significant uptake of nitrogen as ammonia, ammonia
toxicity could increase in importance when compared
to current water-quality conditions. Ammonia toxicity
would occur if reductions in algal biomass and net
productivity were smaller than expected, such that
the daily maximum pH did not decrease greatly. Some
researchers have found that decreased productivity or

biomass did not occur when nutrient loads were re-
duced. The reasons for this may include increased
nutrient recycling (Mulholland and others, 1991),
increased efficiency of productivity due to grazing
effects (Mulholland and Rosemond, 1992; Gregory,
1993), or increased reliance of periphyton on interna
nutrient contents in cell tissues (Auer and Canale,
1982). Also, nonpoint or ground-water inputs may
have a significant effect on South Umpqua River nut
ent dynamics, thus invalidating one of the assumptio
made previously when the effects of increased amm
nia on nitrification were calculated. Finally, the large
mats of periphyton observed within the Umpqua
National Forest and the relatively high values of pH
and low concentrations of DO measured near Days
Creek indicate that periphyton are able to thrive
with low concentrations of nutrients, including phos-
phorus at or near the analytical limit of detection. Thi
ability may allow the maintenance of high biomass o
productivity even with decreased nutrient loading.

To evaluate ammonia toxicity in a worst-case
scenario, the mass balance of ammonia, as used fo
analysis of nitrification, was employed. In this case,
the nine assumptions that were used to calculate m
balance were used again, and the following three as
sumptions were added:

(1) A small reduction in net periphyton productivity
occurs as the system shifts towards phosphor
limitation, resulting in a slight decrease in the
frequency and magnitude of the extreme pH
measurements observed in 1990–92,

(2) nitrification in this case is negligible, such that
ammonia concentrations in the river are largel
unaffected, and

(3) water temperatures were the same as during t
August 1991 synoptic survey (Anderson and
others, 1994), when flow levels were similar.

For a worst-case scenario, daily maximum pH value
in the upper South Umpqua River (upstream from
Winston at RM 132.8) were assumed to be 8.5
throughout; however, no extremely high values (clos
to 9.0) occurred. Daily maximum pH values in the
reach from Winston to Roseburg (RM 132.6–119.6)
were assumed to be as high as 8.7, indicating in-
creased algal activity. Daily maximum pH below
Roseburg (RM 119.5–111.7) was assumed to reach
as high as 9.0, indicating that nuisance growth may
still occur.
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By using the concentrations of ammonia deter-
mined previously and the assumed maximum pH
value, ammonia toxicity was evaluated. The results
indicate that only below Roseburg WWTP (RM 119.5)
could ammonia toxicity pose a significant threat, even
if ammonia concentrations in the water column are not
reduced by periphytic uptake or nitrification. Below
Roseburg WWTP, the ratio of un-ionized ammonia to
the toxicity standard was 4.2 (a ratio higher than 1.0
indicates an exceedance of the State standard).

As in the case of nitrification and its effects on
DO, these calculations indicate that the ammonia
toxicity resulting from unconsumed ammonia is likely
to be of concern only below the Roseburg WWTP at
RM 119.5. It is emphasized that this is a worst-case
scenario—mitigating effects could include greater up-
take of ammonia due to nitrification or greater than
expected algal growth. Further, because nitrification
frees hydrogen ions (H+) and thus reduces the pH of
a system, the probability of ammonia toxicity is even
less, because toxicity is less at low pH levels.

SUMMARY

The water-quality constituents of major interest
in this study were primarily dissolved oxygen and pH;
of secondary interest were bacteria and ammonia.
The nighttime respiration of biota, including periph-
ytic algae, caused exceedances of the State standard
for dissolved oxygen at several sites on the South
Umpqua River. Biochemical oxygen demand, nitri-
fication, and periphyton sloughing in the fall made
minor contributions to low concentrations of dissolved
oxygen. Conditions of low dissolved oxygen concen-
trations were most severe in the lower reaches of the
South Umpqua River (where the largest point sources
are located) and during periods of low flow and high
water temperature in late summer. Daytime photo-
synthesis caused many exceedances of the State pH
standard. The diel patterns and spatial distributions of
dissolved oxygen and pH values indicate that photo-
synthesis and respiration by periphyton is responsible
for water-quality problems in the South Umpqua River
during the summer.

The three exceedances of the Oregon criterion
for fecal-coliform bacteria (200 colonies per 100 milli-
liters) were associated with high streamflows. Fecal-
streptococcus counts as large as 4,400 colonies per
100 milliliters were associated with low streamflows.

Fecal-streptococcus counts were much larger than
historical values and require confirmation.

Five wastewater-treatment plants contributed
less than 15 percent of the flow but more than 90 pe
cent of the nitrogen and phosphorus present in the
South Umpqua River during the low streamflows of
summer. These nutrient inputs were associated with
and were largely responsible for, dense growths of p
iphytic algae that produced biomass of as much as
340 grams of ash-free dry weight per square meter.
Ammonia from wastewater-treatment-plant effluent
combined with high values of pH and water tempera
ture to create the potential for chronic-ammonia tox-
icity in lower reaches of the South Umpqua River, bu
actual exceedances of standards were not observed

Net productivity, calculated from hourly mea-
surements of dissolved oxygen concentrations, was
large as 3.8 grams of oxygen per square meter per d
Productivity was directly related to the concentration
and load of dissolved inorganic nitrogen. Aquatic-
community metabolism was responsible for a large
amount of nutrient uptake from the river, resulting
in lowered nutrient concentrations downstream from
nutrient from point sources.

Management alternatives for the South Umpqu
River Basin include several methods to reduce nutrie
concentrations and loads:

(1) Flow augmentation would decrease water-
quality problems in the South Umpqua River,
but it is difficult to predict the magnitude of
the effects of increased velocity and decrease
temperature on algal growth.

(2) Land application and storage of wastewater-
treatment-plant effluent during the summer
months would reduce the effects of nutrient
point sources.

(3) Reduction of dissolved inorganic nitrogen
and soluble reactive phosphorus loads from
wastewater-treatment-plant effluent (tertiary
treatment) would lessen the frequency of vio-
lations of dissolved oxygen and pH standards.
A combination of flow augmentation, effluent
storage, land application, and tertiary treatmen
also could be considered as a management
alternative.
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