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CONVERSION FACTORS AND ABBREVIATIONS

For the convenience of readers who may want to use metric (International
System) units, the inch-pound values in this report may be converted by using
the following factors:

Multiply inch-pound unit By To obtain metric unit

inch (in.) 25.4 millimeter (mm)

foot (ft) 0.3048 meter (m)

square foot (ft2) 0.09290 square meter (m2)

mile (mi) 1.609 kilometer (km)

square mile (miz) 2.590 square kilometer (km?2)

cubic foot per second (ft3/s) 0.02832 cubic meter per second (m3/s)

million gallons per day (Mgal/d) 0.04381 cubic meter per second (m3/s)
3,785 cubic meter per day (m3/4d)

Temperature in degrees Fahrenheit (°F) can be converted to degrees Celsius
(°C) as follows:

°C = 5/9 x (°F-32)

vii
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SYMBOLS

is the algae concentration, in milligrams per liter;
is the mean cross-sectional area, in square feet;
is the chlorophyll-a concentration, in micrograms per liter;

is the mean depth of the subreach, in feet;

is the total derivative with respect to time;

is the base of the natural system of logarithms, having a numerical value
of approximately 2.718.

is the local light intensity, in Langleys per minute;

is the biochemical oxygen demand decay rate per day;

is the reaeration rate coefficient per day:;

is the sediment oxygen demand, in milligrams per liter per foot of reach
length;

is the light half-saturation constant, in Langleys per minite;
is the nitrogen half-saturation constant, in milligrams per liter;
is the phosphorus half-saturation constant, in milligrams per liter;

is the ultimate carbonaceous biochemical oxygen demand, in milligrams per
liter;

is the nitrite plus nitrate nitrogen concentration, in milligrams per liter;

is the ammonia concentration, in milligrams per liter;
is the nitrite concentration, in milligrams per liter;
is the nitrate concentration, in milligrams per liter;
is the dissolved-oxygen concentration, in milligrams per liter;

is the saturation concentration of dissolved oxygen, in milligrams per
liter;

is the phosphorus concentration, in milligrams per liter;

is the average discharge in the subreach, in cubic feet per second;
is time, in hours;

is the average velocity, in feet per second;

is the chlorophyll-a to algae ratio, in micrograms of chlorophyll-a per
milligram of algae;

is the fraction of algal biomass that is nitrogen, in milligrams nitrogen
per milligram of algae;

is the fraction of algal biomass that is phosphorus, in milligrams of
phosphorus per milligram of algae;

is the milligrams oxygen produced per unit of algae growth;
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SYMBOLS

aq is the milligrams oxygen consumed per unit of algae respired;

as is the milligrams of dissolved oxygen consumed per milligram of ammonia
oxidized to nitrite;

is the milligrams of dissolved oxygen consumed per milligram of nitrite
oxidized to nitrate;

is
oy is
Bq is
By is
Bq is
By is
A is
p is
gq is

0'3 is

the
the
the
the
the
the
the
the
the
the

foot

the

empirical coefficient for depth;

empirical coefficient for the reach average velocity;

rate of oxidation of ammonia to nitrite, in reciprocal days;
rate of oxidation of nitrite to nitrate, in reciprocal days;
empirical exponent for depth;

empirical exponent for the reach average velocity;

light extinction coefficient, in reciprocal feet;

algal respiration rate, in reciprocal days;

algal settling rate, in feet per day;

benthos source rate for phosphorus, in milligrams of phosphorus per
per day;

benthos source rate for ammonia, in milligrams of ammonia per foot

per day;

u 1is the growth rate for algae, in reciprocal days; and

Hmax

is the maximum growth rate for algae, in reciprocal days.
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ASSESSMENT OF PROCESSES AFFECTING LOW-FLOW WATER QUALITY

OF CEDAR CREEK, WEST-CENTRAL ILLINOIS

By Arthur R. Schmidt, W. O. Freeman, and R. D. McFarlane

ABSTRACT

Water quality and the processes that affect dissolved-oxygen, nutrient
(nitrogen and phosphorus species), and algal concentrations were evaluated for
a 23.8-mile reach of Cedar Creek near Galesburg, west-central Illincis, during
periods of warm-weather, low-flow conditions. Water-quality samples were
collected and stream conditions were measured over a diel (24-hour) period on
three occasions during July and August 1985.

Analysis of the data obtained indicates that iron, copper, manganese,
phenols, and total dissolved-solids concentrations exceeded Illinois' general-
use water-quality standards at some sample sites. Dissolved-oxygen concentra-
tions were less than the State standard at up to 95 percent of the sampled
sites during the diel sampling periods.

These data were used to calibrate and verify a one-dimensional, steady-
state, water-quality model. The computer model was used to assess the relative
effects on low-flow water quality of processes including algal photosynthesis
and respiration, ammonia oxidation, biochemical oxygen demand, sediment oxygen
demand, and stream reaeration. Results from model simulations and sensitivity
analyses indicate that sediment oxygen demand is the principal cause of small
dissolved-oxygen concentrations measured in the creek.

INTRODUCTION

Assessment of the effect of storm runoff on the quality of receiving
streams has been the subject of many recent investigations--notably the
U.S. Geological Survey National Urban Runoff Program, which began in 1978,
Results from urban-runoff studies (Clarke, 1984) indicate that storm runoff
has a short-lived, highly transient effect on the quality of the receiving
stream. The suspended solids carried by the storm water settle to the stream-
bed as bottom material as the flow recedes to prestorm levels. These deposits
can contain elevated constituent concentrations and high oxygen demands
(MacMullen, 1984). Thus, the long-term effects of storm runoff on the stream
quality are the result of deposited bottom material and are most evident
during warm weather, low-flow periods when water quality is most susceptible
to degradation.

This report, the result of the first phase of a two-phase study by the

U.S. Geological Survey in cooperation with the IEPA (Illinois Environmental
Protection Agency), presents an assessment of the warm-weather, low-flow water



quality and the processes affecting it for Cedar Creek near Galesburg,
Illinois. Cedar Creek was selected for this study because historical water-
quality data collected by the IEPA (Ken Newman, Illinois Environmental
Protection Agency, written commun., 1985) and data collected by the Galesburg
Sanitary District and described in a report by Clark and others (1980) indicate
that water-quality standards have not been met in some reaches of the creek.
Dissolved-oxygen (DQO) concentrations were as small as 0.2 mg/L (milligrams per
liter)--well below the minimum concentration of 5 mg/L as given in the State
general-use water-quality standard (Illinois Pollution Control Board, 1986,

p. 6). In addition, iron, copper, manganese, TDS (total dissolved solids), and
phenol concentrations were in excess of the maximum concentrations given in the
State water-quality standards. Cedar Creek provided the opportunity to model
the effect of nonpoint-source pollution on low-flow water quality because,
during low-flow periods, it receives effluent from only two point sources.
However, Cedar Creek receives storm runoff from a variety of nonpoint sources
including urban runoff, combined-sewer overflow discharges, and runoff from
agricultural land including row crops, pasture, and feed lots. These other
sources may contribute significant amounts of sediment that will deposit and
affect water quality after storm flow has receded to prestorm levels.

Purpose and Scope

The purpose of this report is to describe the water quality of Cedar Creek
during warm-weather, low-flow periods in July and August 1985; to identify
stream reaches where State general-use water-quality standards were not met;
and to identify the cause-and-effect relations of processes that control water
quality.

Although an objective of the study was to assess the effect of storm
flows, the scope of this report is limited to low-flow, steady-state periods.
For this report, steady-state is defined as those periods when the time-
averaged concentration of a constituent is constant; that is, while the magni-
tude of a concentration may vary, it is assumed to vary around a mean value
that is constant throughout the period under consideration. The shortest
period considered as steady state was 5 days--1 day for sample collection and
4 days previous to allow the entire study reach to attain steady state. Four
days is the approximate traveltime of a dissolved constituent through the
entire study reach.

The effect of processes that control water quality were simulated and
quantified by means of a computer model. Cause-and-effect relations of
processes occurring in the creek were identified using results from model
simulations and sensitivity analyses.

Study Area

Cedar Creek, located in west-central Illinois, is 48.5 miles long and
drains 165 mi? {square miles) (fig. 1). This study focused on the farthest
upstream 26.2-mile reach, which drains 66.9 miz, including one urban area
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(Galesburg) that had a population of 35,305 in 1980 (U.S. Census Bureau,
1980). Water-quality sampling stations were established at 20 locations on
Cedar Creek and at 6 locations on tributaries to Cedar Creek. The sites are
listed in table 1, and the locations of the sites are shown in figure 2. The
land drained by Cedar Creek is primarily agricultural, consisting mainly of
pasture and row crops (corn and soybeans). A detailed breakdown of the land
use in the basin is given in table 2.

During this study, the IDOT (Illinois Department of Transportation) was
in the process of constructing a divided, four-lane highway parallel to Cedar
Creek. This construction permanently rerouted five reaches of the stream
through man~made channels for distances as long as 0.36 mile. The location
and configuration of these channel modifications are described by McFarlane
and others (1987). Other than localized effects as a result of changes to the
location of scour and deposition of sediment, the effect of these channel
modifications on low-flow water quality is assumed to be the result of changes
in the traveltime through the study reach.

The stream can be divided into four distinct reaches during low-flow
periods. Differences between these reaches affect the water quality in that
transport velocities, settling rates, atmospheric reaeration, and growth of
attached periphyton and macrophytes all depend on characteristics of these
reaches.

The most upstream 4.5-mile reach [headwaters to RM (river mile above
mouth) 44.0] of the stream is 1 to 4 feet wide and typically less than 8 inches
deep with a natural grassy channel. This reach contains a few deep pools and
areas where debris accumulates, which results in very low water velocities and
long traveltimes.

From RM 44.0 downstream through most of the city of Galesburg to RM 42.2,
the channel is a trapezoidal or rectangular concrete section with the channel
bottom being 12 to 15 feet below ground level. During low-flow conditions,
the stream is about 5 feet wide and 6 inches deep in the trapezoidal sections
and about 30 feet wide and 2 to 3 inches deep in the rectangular sections.

The trapezoidal sections remained fairly free of debris but became choked with
attached macrophytes during mid to late summer. These plants were scoured
away during storm flow but grew back within a week. The mean velocity in the
trapezoidal sections was about 1 ft/s (foot per second). The rectangular sec-
tions had very low velocities and extensive deposits of sand, gravel, and
debris.

From RM 42.2 downstream to RM 40.2, the stream runs in a natural clay,
sand, and silt-bottomed channel. 1In this reach, the stream is typically 10 to
15 feet wide and 4 to 12 inches deep, with mean velocities of about 0.5 ft/s.
There are two pools about 2 feet deep in this reach--one extends 0.2 mile
upstream from site 8 (RM 40.8) and the other extends about 0.3 mile upstream
from the point of discharge from the WWTF (wastewater-treatment facility) at
RM 40.2. The first pool results from a rock formation located 20 feet down-
stream from the gage, which serves as a low-water control. The second pool is
caused by backwater from the WWTF discharge. In both pools, the mean stream
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Table 1.-~Stream data-collection sites

[site identifiers correspond to those in figure 2;
Lat, latitude; Long, longitude;
dashes indicate no data]

Station River Drainage
Site downstream mile area
identi- order above (square
fier number mouth miles) Station name and location
1 05468200 45.2 2.08 Cedar Creek at Farnham Street at
Galesburg
Lat: 40°58°'07" Llong: 90°20'42"
2 05468205 44.7 2.42 Cedar Creek at Fremont Street at
Galesburg
Lat: 40°57'44" Long: 90°20'50"
3 05468210 44.0 2.80 Cedar Creek at Losey Street at
Galesburg
Lat: 40°57'17" Long: 90°21'12"
4 05468215 43.5 4.40 Cedar Creek at Chambers Street at
Galesburg
Lat: 40°57'10" ZLong: 90°21'44"
5 05468220 42.2 8.01 Cedar Creek at Henderson Street at
Galesburg
Lat: 40°56'46" Long: 90°23'01"
6 05468225 41.6 8.45 Cedar Creek at McClure Street at
Galesburg
Lat: 40°56'35" Long: 90°23'44"
A —_—— 41.1 —-——- Linwood Street storm-sewer outfall
at Galesburg
Lat: 40°56'33" Long: 90°24'09"
(data base number 4056330902409)
7 05468230 41.1 1.2 Cedar Creek at Linwood Street at
Galesburg
Lat: 40°56'33" Long: 90°24'10"
8 05468240 40.8 11.6 Cedar Creek at Highway 34 at
Galesburg
Lat: 40°56'31" Long: 90°24'34"
9 05468245 40.5 13.8 Cedar Creek above Galesburg waste-

water treatment facility at
at Galesburg
Lat: 40°56'25" Long: 90°24'47"



Table 1.--Stream data-collection sites=--Continued

Station River Drainage
Site downstream mile area
identi-~ order above {square
fier number mouth miles) Station name and location
WWTF - 40.2 -——- Galesburg Sanitary District waste-
water treatment facility outfall
at Galesburg
Lat: 40°56'17" ©Long: 90°25'01"
(data base number 4056170902501
and NPDES permit number 042)
10 05468250 39.8 14.8 Cedar Creek at 01d Pickard Road near
Galesburg
Lat: 40°56'01" Long: 90°25'21"
11 05468265 38.1 20.2 Cedar Creek at County Line Road near
Galesburg
Lat: 40°55'43" Long: 90°26'28"
12 05468300 35.2 34.3 Cedar Creek near Galesburg
Lat: 40°55'20" Long: 90°28'09"
13 05468305 33.1 36.4 Cedar Creek at Road 1550E near
Coldbrook
Lat: 40°55'20" Long: 90°29'11"
14 05468308 31.9 36.9 Cedar Creek at Road 1500E near
Coldbrook
Lat: 40°55'16" Long: 90°29'53"
15 05468325 30.0 45.8 Cedar Creek at Road 1400E near
Coldbrook
Lat: 40°55'20" Long: 90°31'03"
16 05468333 28.5 46.7 Cedar Creek at Road 1300E near
Coldbrook
Lat: 40°55'24" Long: 90°32'13"
17 0546834° 27.0 50.7 Cedar Creek at Road 1200E near
Coldbrook
Lat: 40°55'30" Long: 90°33'15"
18 05468367 24.7 60.8 Cedar Creek at Road 1100E near

Monmouth
Lat: 40°55'50" ©Long: 90°34'23"



Table 1.--Stream data-collection sites=~-Continued

Station River Drainage
Site downstream mile area
identi=- order above (square
fier number mouth miles) Station name and location
19 05468375 22.7 62.0 Cedar Creek at 0ld Highway 34 near
Monmouth
Lat: 40°56'25" Long: 90°35'12"
20 05468400 19.0 66.9 Cedar Creek above mouth of Markham
Creek near Monmouth
Lat: 40°57'27" Long: 90°37'14"
22 05468260 139.3 4.64  Cedar Creek Tributary No. 1 at
Atchison, Topeka, and Santa Fe
Railroad at Galesburg
Lat: 40°55'42" ILong: 90°25'39"
23 05468280 137.7 6.98 Cedar Creek Tributary No. 2 at
Road 2100N near Galesburg
Lat: 40°55'58" Long: 90°26'39"
24 05468293 137.0 4.52  cedar Creek Tributary No. 3 at
Atchison, Topeka, and Santa Fe
Railroad near Galesburg
Lat: 40°55'18" Long: 90°26'39"
25 054683 16 131.6 4.49  cedar Creek Tributary No. 4 at
New Highway 34 near Cameron
Lat: 40°55'07" Long: 90°29'57"
26 05468341 127.1 2.20 Cedar Creek Tributary No. 5 at
Road 2040N near Coldbroock
Lat: 40°55'32" Long: 90°33'10"
27 05468359 125.8 8.53 cedar Creek Tributary No. 6 at

Road 2000N near Monmouth
Lat: 40°55'07" 1Long: 290°33'50"

TRiver miles for the tributary sites are the location of the mouth of
tributary above the mouth of Cedar Creek.



Table 2.--Land uses and corresponding areas for the Cedar Creek
watershed in the vicinity of Galesburg, Illinois

Area Percentage

(square of

Land usel miles) basin

Cropland and pasture 53.1 79.5

Residential 4.9 7.3

Deciduous forest land 3.1 4.6
Transportation, communication,

and utilities 2.3 3.4

Commercial and services 2.1 3.1

Industrial 1.0 1.5

Other urban or built-up land .3 .4

Transitional area .1 o2

1 rand-use categories and areas digitized from U.S. Geological
sSurvey (1979).

velocity falls to approximately 0.1 to 0.2 ft/s, and the streambed has exten-
sive silt deposits. In the second pool, the streambed also has extensive
sludge deposits. These may be due in part to runoff from a sludge-application
field located just upstream of the WWTF and drained by a small ditch entering
the creek just upstream of site 9 (RM 40.5).

The stream primarily has a natural meandering channel with a clay and
silt bed from the WWTF outfall downstream to the end of the study reach. 1In
this reach, the stream is typically 15 to 30 feet wide, 1 to 2 feet deep, and
has mean velocities of 0.5 to 1 ft/s. Exceptions to this occur only where the
channel is artificially modified or constrained, either by a bridge or IDOT
channel modification.

Along the study reach, discharges to the creek include effluent from 1
WWTF, 6 tributaries, and 120 known sewers that carry storm runoff, at least
2 of which also carry noncontact industrial cooling water. There are 49
combined-sewer overflows that pass surcharge from the city's sanitary sewer
system either directly to the stream or into one of the storm sewers. During
low-flow periods, the known, measured discharges to the creek are the WWTF
effluent, the tributaries, and a cooling-water discharge.

Two side-channel aeration systems, located at the point of discharge from
the WWTF (RM 40.2) and at site 11 (RM 38.1), provide point sources of DO to the
creek. These aeration systems withdraw a portion of the flow (from the stream
at RM 38.1 and from the WWTF effluent at RM 40.2), use pure oxygen at high
pressure to supersaturate the water, and then discharge the supersaturated



water to the creek through a multiport diffuser. These aeration systems are

intended to increase the DO in portions of the stream where the State DO stan-
dard is not met. The DO concentration and flow rate of supersaturated water
from the aerators is not known.
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LOW-FLOW WATER QUALITY

The data collected and water-quality processes considered in this report
are for low-flow conditions, as it is these conditions that tend to result in
the poorest water quality. The following section of this report presents an
overview of the sampling methods used, describes the flow conditions during
the sampling periods, and describes the observed water gquality in terms of
State watér-quality standards that were not met and by means of a biologic
index, which is based on macroinvertebrate populations in the creek.

Data-Collection Methods

Data measured in the creek and results from laboratory analyses of water
samples were used to describe the existing water quality of the creek, to iden-
tify stream conditions that did not meet State water-quality standards, and to
provide data to calibrate and verify a computer model of the creek. Details
of the sample collection scheme, methods of analysis, and tables of the data
are presented by McFarlane and others (1987). Data were collected during
three intensive diel (24~-hour) sampling periods on July 9-10, August 7-8, and
August 27-28, 1985. During these periods, samples were collected at regular
intervals at up to 26 locations in the creek and its tributaries and at two
point-source discharges to the creek. The diel sampling was conducted during
periods when stream quality and flow conditions were assumed to be steady. The
24-hour sampling period was chosen so that the variation in temperature, algae,
nutrients, DO, and the resulting variation in other constituents over a diel
period could be determined. Results from samples collected throughout a 24-
hour period were used to calculate steady-state daily-average concentrations.

Water-quality constituents sampled for and considered in the computer
model included DO (which was used as the primary indicator of water quality
for quantifying various processes), dissolved ammonia, dissolved nitrite plus
nitrate (throughout the report, ammonia refers to ammonia nitrogen and nitrite
plus nitrate refers to nitrite plus nitrate nitrogen), dissolved phosphorus,
ultimate carbonaceous BOD (biochemical oxygen demand), SOD (sediment oxygen
demand), specific conductance, algal biomass (chlorophyll-a was used as an

10



indicator of algal biomass), water temperature, and stream discharge. Samples
also were collected to determine total suspended solids; total ammonia, nitrite
plus nitrate, and ammonia plus organic nitrogen (total kjeldahl nitrogen);
total phosphorus; total (carbonaceous plus nitrogenous) BOD; turbidity; chemi-
cal oxygen demand; total alkalinity; total acidity; volatile suspended solids;
cyanide; hardness; chloride; sulfate; fluoride; arsenic; phenol; total dis~-
solved solids; mercury; and total and dissolved calcium, magnesium, sodium,
potassium, lead, manganese, nickel, silver, barium, boron, beryllium, cadmium,
strontium, vanadium, zinc, chromium, copper, cobalt, aluminum, and iron.

The validity of the assumption of steady-state conditions was checked by
obtaining a 24~-hour composite sample from the WWTF effluent and an industrial
discharge outfall (site A) for 4 days prior to the diel sampling periods.
These composite samples were analyzed to determine concentrations of ultimate
carbonaceous BOD, total suspended solids, total ammonia plus organic nitrogen,
and total and dissolved ammonia, nitrite plus nitrate, and phosphorus.
Additionally, for the same 4 days, flow data were obtained from the WWTF and
totalizing timers were installed on the two aeration systems. These data were
used to estimate the magnitude and location of waters from any discharges that
do not meet the steady~state approximation.

Processes that control water quality were quantified by means of a com-
puter model. The model was calibrated to simulate the water-quality conditions
measured during the July 9-10 diel sampling period. The calibrated model was
verified by simulating water-quality conditions measured on August 7-8.

Results from model simulations and sensitivity analyses were used to identify
cause-and-effect relations of processes occurring in the creek.

Data to empirically quantify modeled processes including SOD, reaeration
rates, traveltimes, and streamflow and channel characteristics were collected
throughout the study period. Sediment oxygen demand was measured a total of
58 times at 38 locations in the creek from June through September 1985 and
from May through September 1986. The locations, methods used, and results
from these measurements are described by McFarlane and others (1987). The
Illinois State Water Survey also conducted a concurrent but independent study
of SOD. 1In their investigation, SOD was measured a total of 10 times from 7
locations (Butts, 1986).

Reaeration-rate coefficients and traveltimes were measured simultaneously
using a modified-tracer technique (McFarlane and others, 1987). Reaeration~-
rate measurements were conducted in selected subreaches at two or more
discharge rates. Reaeration-rate coefficients estimated from these data were
compared with those estimated, based on measured flow characteristics, by
several predictive equations (Bowie and others, 1985, p. 101-120; Rathbun,
1977). The goal of the reaeration~-rate coefficient measurements was to iden-
tify the predictive equation that best estimated reaeration-rate coefficients
for Cedar Creek under the low-flow conditions of this study. The equation
developed by McCutcheon and Jennings (1982) to estimate reaeration based on
the method presented by Velz (1970) best fit the observed data, with a corre-~
lation coefficient of 0.98 and a standard error of estimate of 1.49 per day
(seven measurements). This equation was selected for use because it best fit
the observed data.

11



Traveltime was measured as part of all reaeration-rate coefficient
measurements and also was measured several times independently. Traveltime
through all subreaches of the creek was measured for at least two different

streamflows.

Stage data were recorded at 15-minute intervals at RM 31.9 (site 14)
throughout the period of this study. These data showed the magnitude of fluc-
tuations in discharge during the diel sampling periods and during the 4 days
before these periods.

Flow Conditions

Table 3 lists the mean and standard deviation of discharge at site 14 and
from the WWTF for the three diel sampling periods and for the 4 days before
each diel sampling period. The tributaries with measurable discharge (sites
22-27) and their respective discharges are also listed for each diel sampling
period.

Stage-discharge relations were determined from simultaneous measurements
of stage and discharge at all stream and tributary sampling sites. Discharge
was measured once at each sampling site during each of the diel sampling
periods, and stage was measured each time a site was visited. Discharge was
estimated from stage measurements by using stage-discharge relations developed
for each site. All estimated discharges for the diel sampling period were
averaged to estimate the average discharge at each site during the diel
sampling period.

The first diel sampling was done during a period when the discharge in
the creek at RM 31.9 (site 14) and from the WWTF was steady, and six of the
tributaries (sites 22-27) had measurable flow at the sampling locations.
Discharge measured at sites 13-16 during this period was as much as 35 percent
(4.6 £ft3/s (cubic feet per second)] less than the estimated average daily
discharge. This probably is because of excavation that field notes indicate
was done in the stream channel just downstream from site 13 during this period.

During the second diel sampling period, discharge at RM 31.9 and from the
WWTF was steady, and five of the tributaries (sites 22, 23, 24, 25, and 27)
had measurable flow at the sampling locations.

During the 4 days before the August 27-28 diel sampling period, the dis-
charge at site 14 (RM 31.9) was steady for 2 days at 9 ft3/s, rose to a peak
discharge of 64 ft3/s 40 hours before the start of the diel data collection,
and then receded to the discharge measured during the diel period. During
this period, the discharge from the WWTF behaved similarly, with a maximum
discharge of 24 ft3/s and a standard deviation of 4.4 ft3/s. All flow data
from the WWIF are based on stage above a sharp-crested weir located at the
entrance to the discharge pipe to the stream. Stage was measured nine times
daily by personnel of the Galesburg Sanitary District, and discharge was esti-
mated from a stage-discharge rating for the weir.
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Water-Quality Conditions

The primary purpose for the data collected during the diel sampling
periods was to obtain data to calibrate and verify a computer model. However,
these data also quantified existing water-quality conditions and identified
areas where State water-quality standards were not met.

The Illinois Pollution Control Board (1986) has defined general-use
water-quality standards for Illinois. These standards specify that "dissolved-
oxygen concentration shall not be less than 6.0 mg/L (milligrams per liter)
during at least 16 hours of any 24-hour period, nor less than 5.0 mg/L at any
time." Other standards specify that copper concentrations not exceed 20 ug/L
(micrograms per liter), iron concentrations not exceed 1,000 ug/L, manganese
concentrations not exceed 1,000 ng/L, phenol concentrations not exceed 100
ug/L, and total dissolved-solids concentrations not exceed 1,000 mg/L. All
other general-use water-quality standards evaluated in this study were met and
are, therefore, not presented in this report. All data presented in the sum-
mary of this report and used in reaching the conclusions are listed in the
report by McFarlane and others (1987).

During the first diel sampling period, DO concentrations ranged from 0.1
mg/L at RM 41.6 (site 6) to 19.9 mg/L at RM 43.5 (site 4). Dissolved-oxygen
concentrations fell below the minimum specified by State water-quality stan-
dards at all Cedar Creek sites except at RM 39.8 (site 10). Figure 3 shows
the percentage of the measurements at each site that had a DO concentration
less than 5.0 and less than 6.0 mg/L. Based on the assumption that sampling
frequency was uniform during the diel sampling period, the requirement that DO
concentration be greater than 6.0 mg/L for 16 hours out of any 24-hour period
is met only if fewer than 33 percent of the measured DO concentrations are less
than 6.0 mg/L. This assumption was checked by determining the number of hours
that DO concentration was less than 6.0 mg/L at all sites where more than 33
percent of the samples had DO concentrations less than 6.0 mg/L. During the
first diel sampling period, this analysis indicated that the State DO standard
was not met at sites at RM 38.1, RM 24.7, and RM 19.0 (sites 11, 18, and 20)
although DO concentrations at these sites were never less than 5.0 mg/L. The
State DO standard was not met at 95 percent of the sites sampled during the
first diel sampling period.

During the first diel sampling period, iron concentrations in the creek
ranged from 90 ug/L at RM 42.2 (site 5) to 2,300 ug/L at RM 27.0 (site 17).
The largest iron concentration measured (2,500 pg/L) was in the tributary that
enters the creek at RM 37.0 (site 24). Cedar Creek sites at RM 42.2, RM 31.9,
RM 30.0, RM 28.5, RM 27.0, and RM 24.7 (sites 5, 14, 15, 16, 17, and 18) and
tributaries entering the creek at RM 37.7, RM 37.0, RM 31.6, and RM 27.1
(sites 23, 24, 25, and 26) exceeded the State maximum concentration of 1,000

ug/L.

Copper concentrations in the creek ranged from less than the analytical
detection limit (5.0 ug/L) at 35 percent of the Cedar Creek sites and 83 per-
cent of the flowing tributary sites to 23 ug/L at RM 39.8 (site 10). The
State standard (20 ug/L) was exceeded only at RM 39.8 (site 10).

14
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All other general-use water-quality standards were met at all sites in
Cedar Creek and its tributaries during the first diel sampling period.

During the second diel sampling period (August 7-8, 1985), DO concentra-
tions ranged from 2.2 to 23.0 mg/L; both extreme concentrations were measured
at RM 41.6 (site 6). Dissolved-oxygen concentrations were less than the mini-
mum specified by State water-quality standards at all Cedar Creek sites except
those at RM 39.8, RM 24.7, and RM 19.0 (sites 10, 18, and 20). Figure 4 shows
the percentage of the measurements at each site with DO concentration less
than 5.0 and less than 6.0 mg/L. These percentages indicated that the State
DO standard was not met at sites at RM 40.8 and RM 27.0 (sites 8 and 17),
although DO concentrations at these sites were never less than 5.0 mg/L. The
State DO standard was not met at 76 percent of the sites sampled during the

second diel sampling period.

During the second diel sampling period, iron concentrations in the creek
ranged from 240 ug/L at RM 39.8 (site 10) to 2,700 ug/L at RM 44.0 (site 3).
The largest iron concentration (3,700 ug/L) was again from the tributary that
enters the creek at RM 37.0 (site 24). 1Iron concentrations measured at Cedar
Creek sites at RM 44.0, RM 28.5, RM 27.0, RM 24.7, and RM 22.7 (sites 3, 16,
17, 18, and 19) and tributaries entering the creek at RM 37.7, RM 37.0, and
RM 25.8 (sites 23, 24, and 27) exceeded the State standard.

Copper concentrations in the creek ranged from less than the analytical
detection limit (5.0 pg/L) at 24 percent of the Cedar Creek sites and all
tributary sites with measurable flow to 23.0 ug/L at RM 33.1 (site 13). The
maximum concentration of 20 ug/L allowed by State water-quality standards was
exceeded at RM 39.8, RM 33.1, and RM 27.0 (sites 10, 13, and 17).

Manganese concentrations in the creek ranged from 41 pug/L at RM 41.6
{site 6) to 860 ug/L at RM 44.0 (site 3). The maximum concentration allowed
by State water-quality standards (1,000 ug/L) was exceeded in the tributary
entering the creek at RM 25.8 (site 27).

Phenol concentrations in the creek ranged from less than the analytical
detection limit (5.0 ug/L) at 41 percent of the Cedar Creek sites and three
tributary sites to 20 pg/L at RM 22.7 (site 19). The maximum concentration
allowed by State water-quality standards (100 nug/L) was exceeded in the tribu-
tary entering the creek at RM 25.8 (site 27).

Total dissolved-solids concentrations in the creek ranged from 691 mg/L
at RM 38.1 (site 11) to 1,120 mg/L at RM 42.2 (site 5). The maximum concen-
tration allowed by State water-quality standards (1,000 mg/L) was exceeded at
RM 42.2 and RM 41.6 (sites 5 and 6).

All other general-use water-quality standards were met at all sites in
Cedar Creek and its tributaries during the second diel sampling period.

During the third diel sampling period, DO concentrations measured in the
creek ranged from 3.3 mg/L at RM 41.6 (site 6) to 13.8 mg/L at RM 39.8 (site
10). Dissolved-oxygen concentrations remained greater than 5.0 mg/L at all
Cedar Creek sites except the one at RM 41.6 (site 6). Figure 5 shows the
percentage of the measurements at each site with DO concentrations less than

16
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5.0 and less than 6.0 mg/L. In the third diel period, these percentages indi-
cated that the State DO standard was not met at sites at RM 33.1, RM 30.0, and
RM 28.5 (sites 13, 15, and 16), although DO concentrations at these sites were
never less than 5.0 mg/L. The State DO standard was not met at 36 percent of
the sites sampled during the third diel sampling period.

Samples collected during the third diel sampling period were not analyzed

for metals, total dissolved solids, or phenol concentrations. Therefore, no
comparison can be made with State water-quality standards.

Macroinvertebrate Community

On July 11, 1985, a biological survey was conducted by the IEPA at 13 of
the Cedar Creek diel sampling sites in order to provide an additional assess-
ment of the water quality of the creek. Benthic macroinvertebrates were used
as an indicator of the condition of the stream environment because of their
restricted mobility and their sensitivity to contaminants.

The macroinvertebrate samples were collected to quantify the abundance of
each species and to determine the MBI (macroinvertebrate biological index) for
each site, which is the average of the pollution tolerance index for all spe-
cies, weighted by the relative abundance of each species. The MBI can range
from 0 to 11; larger values indicate more contaminated water. An explanation
of MBI and the calculation method are described in detail by Schaeffer and
others (1985). Table 4 lists the sites at which macroinvertebrate sampling
was conducted and the MBI determined.

Table 4.--Macroinvertebrate biotic indices, July 11, 1985

[site identifiers refer to those in table 1;
MBI, macroinvertebrate biotic index]

Site Site

identi- River identi-~ River

fier mile MBI ! fier mile MBI 1
1 45.2 7.4 11 38.1 7.4
2 44.7 7.4 12 35.2 6.4
3 44.0 6.7 15 30.0 4.9
5 42.2 7.6 18 24.7 4.7
7 41.1 7.5 19 22.7 4.7
9 40.5 2.9 20 19.0 5.0
10 39.8 9.1

1 MBI data from William Ettinger, Illinois Environmental Protection Agency,
written commun., November 1986.
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The MBI values for Cedar Creek indicate the most contaminated water (based
on the proportion of the macroinvertebrate community that are "pollution-
tolerant" species) was at site 9 (RM 40.5), which is 0.3 mile upstream from the
WWTF outfall. The large MBI value at this site probably is the result of the
extensive sludge deposits at this site--deposits that may be the result of run-
off from a sludge-application field located just upstream of site 9. Upstream
from this site, values for the MBI also were large, although not as severe as
at site 9. The MBI values decreased with distance downstream from the WWTF.
The MBI value at site 11 (RM 38.1) indicated water quality similar to that at
sites 1, 2, 3, 5, 7, (RM 45.2 to RM 41.1). The MBI values at sites 15, 18,

19, and 20 (RM 30.0 to RM 19.0) indicated the water was less contaminated than
the rest of the study reach and that water quality remained nearly constant
from site 15 downstream through the end of the study reach at site 20.

ASSESSMENT OF PROCESSES AFFECTING WATER QUALITY

Processes that affect water quality were quantified by means of a com-
puter model calibrated to simulate the conditions observed in the creek. The
model was calibrated to simulate the conditions measured during the July 9-10
diel sampling period. The model then was verified against the data collected
during the August 7-8 diel sampling period. Results from sensitivity analyses
done on the calibrated and verified models and from simulated hypothetical
conditions were used to quantify the affects of processes that affect water
quality. The following section of the report describes the computer model of
the creek, the calibration, verification, and sensitivity analysis processes,
the hypothetical simulations performed, and the assessment of the factors
affecting water quality.

Description of Model and Application

The QUAL-II, one dimensional, steady-state, water-quality model (National
Council of the Paper Industry for Air and Stream Improvements, 1982) was used
to simulate DO and the processes affecting it. In addition to DO, the model
was used to simulate ultimate carbonaceous BOD, SOD, ammonia, nitrite plus
nitrate, phosphorus, algae (as chlorophyll-a), and specific conductance.
Figure 6 shows the constituents and their interactions as simulated by the
model. The mathematical basis of the model and details of the equations used
to simulate these constituents are presented in the user's guide (National
Council of the Paper Industry for Air and Stream Improvement, 1982).

On Auqust 24, a storm passed over the study area dropping 0.65 inch of
rain between 10:15 a.m. and 8:10 p.m. The runoff from this storm is charac-
terized by specific conductance values lower than those normally measured in
the study reach. Figure 7 shows a decrease in specific conductance at four
sites as a result of the storm. In addition, from 4:00 to 7:00 p.m. on
August 25, the Galesburg WWTF discharged at a rate of 23.5 ft3/s, compared
to the average rate of 7.8 ft3/s for the 6-day period August 23-28. Data to
characterize the specific conductance of this release were not collected.
Ammonia and nitrite plus nitrate concentrations from laboratory analyses of
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24~-hour composite samples collected from this effluent are shown in figure 8
along with the discharge rates from the WWTF. The resultant effect of the
storm and the release from the WWTF was water with relatively low specific
conductance, ammonia, and nitrite plus nitrate concentrations. The location
of these waters was estimated, from relations between velocity and discharge,
to be from site 12 (RM 35.2) to the downstream end of the study reach at the
start of the third diel sampling period. The assumption of steady-state con-

ditions is not met during the third diel sampling period because of the effect

of the storm and the unusually high discharge rate from the Galesburg WWTF.
For this reason, data from this period will not be included in the modeling

part of the study.
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Figure 8.--Discharge and ammonia and nitrite plus nitrate concentrations
of the wastewater-treatment-facility effluent (site WWTF),
August 24-28, 1985.

The study reach was initially conceptualized as 27 subreaches, with sub-
reach boundaries at sampling stations and tributary locations (fig. 9). The
upstream six subreaches (RM 45.2 to RM 4<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>