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Water Quality Features of the Upper Illinois Waterway 

by Thomas A. Butts, Ralph L. Evans, and Shundar Lin 

A B S T R A C T 

The dissolved oxygen resources of the Upper Illinois Waterway are depressed because 
of a combination of oxygen demand sources including carbonaceous and nitrogenous 
BOD, benthic biological extraction, and sediments. Because of these demands, mainte­
nance of 6.0 mg/l DO in the stream system will be very difficult. To achieve minimum 
DO requirements of 5.0 mg/l, the nitrogenous demand as well as carbonaceous demand 
will have to be substantially reduced. 

The principal algal types collected in the waterway are diatoms which make up about 
85 percent of the total population. Although algal densities as high as 13,600/ml were 
detected, the use of the waterway for recreational purposes is not impaired by algal con­
centrations. 

Fecal colifonn bacteria densities decrease with downstream movement at a rate of 
0.77 per day in the upper pools and 0.42 per day in the lower pools. Only 3 of 19 sta­
tions sampled reflect the bacterial quality required by the Illinois Pollution Control 
Board. About 9 percent of the total coliform bacteria population are fecal coliforms. 

I N T R O D U C T I O N 

The Illinois Waterway is special among the many water 
courses within the state of Illinois. It drains 43 percent of 
the area of the state, and its headwaters, during dry weather, 
frequently consist of treated Chicago area wastewaters di­
luted with flow diverted from Lake Michigan. The treated 
wastewater is derived from approximately 5.5 million people 
and from numerous industries. Although many municipal­
ities and industries discharge wastes along the 327.2-mile 
watercourse terminating at the Mississippi River, the Chica­
go metropolitan area wastewater discharges, averaging over 
1400 million gallons a day (mgd), influence the downstream 
water quality very significantly. 

This report summarizes water quality data obtained from 
field surveys made primarily during July, August, and 
September of 1971 and July 1972 on the upper part of the 
waterway from Chillicothe (milepoint 179.0) to Lockport 
(milepoint 292.1). A limited amount of water quality data 
was collected during several days in late October and early 
November in 1971, and bottom sediment oxygen demand 
characteristics were investigated during August through No­
vember in 1972. Presented is an evaluation of the relation­
ships between the types of oxygen consuming materials and 
the dissolved oxygen resources within the waterway. Gen­
eralized wastewater treatment needs to meet designated 
water quality standards are evaluated. A limited amount 
of information related to bacterial and algal characteristics 
of the upper waterway was gathered and is also presented 
in this report. 

Study Area 
The Illinois Waterway is a series of eight navigation pools 

extending 327.2 miles from Lake Michigan at Chicago to 
its confluence with the Mississippi River at Grafton. Table 
1 lists the pools, U. S. Army Corps of Engineers milepoint 
(MP) designations, and lengths. The actual lengths of the 
Brandon Road and Starved Rock pools differ from the in­
clusive milepoint totals because of channel straightening 
and alterations. Although these pools have been shortened, 
the Corps maintains the original designations for naviga­
tional and reference purposes. For mathematical simula­
tions and models developed in this report, the corrected 
lengths were used. 

The study area is a 113-mile reach extending from MP 
179.0 at Chillicothe to MP 292.1 at Lockport. It includes 
all of the Brandon Road, Dresden Island, Marseilles, and 
Starved Rock pools, the upper 52 miles of the Peoria pool, 
and one location at the lower end of the Lockport pool. In 
this report, the study area is called the Upper Illinois Water­
way (figure 1). 

Approximately 12.5 miles upstream of the Lockport 
dam the Chicago Sanitary and Ship Canal and the Calumet-
Sag Channel converge. These two watercourses receive the 
treated effluents and combined sewer overflows from the 
Chicago metropolitan area. The sampling station above the 
Lockport dam and below the juncture of the canals was 
established as a logical point to evaluate the characteristics 
of the waste loads imposed upon the Upper Illinois Water-
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Figure 1. Study area, Upper Illinois Waterway 

way from the Chicago area. The wastes are frequently di­
luted with Lake Michigan water diverted through control 
structures maintained by the Metropolitan Sanitary District 
of Greater Chicago (MSDGC). Diversion by MSDGC is 
limited to an annual average rate not exceeding 1500 cubic 
feet per second (cfs). 

The Illinois Waterway has three distinct sections. The 
uppermost portion consists of the Chicago Sanitary and 
Ship Canal and its associated branches which extend from 
Lake Michigan to MP 289.9, the confluence of the Des 
Plaines River. The Des Plaines River, from its confluence 
with the Sanitary and Ship Canal, flows approximately 17 
miles to MP 273.0 where it joins the Kankakee River to form 
the third section, the Illinois River. Besides the Des Plaines 
and Kankakee Rivers, other major tributaries within the 
study area are the Du Page (MP 276.9), Fox (MP 239.7), 
and Vermilion (MP 226.3) Rivers. 
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Table 1. Illinois Waterway Navigation Pools 

Table 2. Waste Discharge Loads to Upper Illinois Waterway 



Waste Sources 

The MSDGC operates three major sewage treatment 
plants that discharge directly into the waterway above Lock-
port but have a significant influence on the water quality 
below the Lockport dam. In addition, 13 other municipal­
ities or sanitary districts and 21 industries discharge effluents 
between Lockport and Chillicothe. The names, locations, 
flows, and estimated waste loads are listed in table 2. In­
cluded in the table is the estimated nitrogenous biochemical 
oxygen demand load originating from the Grand Calumet 
River which has been found to be a significant source of 
ammonia. The flow and load data for the listed plants are 
as reported to the Illinois Environmental Protection Agen­
cy from plant operating reports. Approximately 98 per­
cent of the total municipal flow originates from the MSDGC 
facilities. In addition, the MSDGC flows make up over 93 
percent of all waste flows directly entering the Upper Illinois 
Waterway. The municipal, industrial, and MSDGC average 
flows are 33.2, 71.9, and 1466 mgd, respectively. 

Two hydroelectric power plants exist in the study area. 
At times they significantly affect the dissolved oxygen (DO) 

resources of the waterway immediately downstream of the 
dams. One plant is located at the Lockport dam and is 
operated by the MSDGC, and the other is located at the 
Marseilles dam and is operated by the Illinois Power 
Company. 
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FIELD SAMPLING METHODS AND PROCEDURES 

Data used in this study can be categorized into three 
groupings: 1) field measurements of water quality param­
eters, 2) field measurements of sediment characteristics, and 
3) laboratory analyses of water and sediment samples col­
lected in the field. Group one includes temperature and 
dissolved oxygen observations. Group two includes benthic 
organism counts and changes in dissolved oxygen usage and 
temperature observed within a specially designed bottom 
sediment oxygen demand sampler. Group three includes 
analyses of total, carbonaceous, and nitrogenous biochem­
ical oxygen demand, ammonia (NH -N) , nitrite (NO -N) , 
nitrate (NO -N) , algae identification and enumeration, to­
tal and fecal coliform counts, and percent solids and per­
cent volatile solids of bottom sediments. 

Dissolved Oxygen and Temperature 

During 1971, dissolved oxygen (DO) and temperature 
measurements were made at 45 stations on the waterway. 
Five were sampled from bridges — three in the Brandon 
Road pool, and one each in the Lockport and Dresden 
Island pools. All other stations were sampled from boats. 
Measurements were made on 24 separate days; however, on 
only 17 days were all 45 stations sampled. On four days, 
only the upper 22 stations were sampled, and on three 
other days, the lower 23 stations were sampled. The dis­
continuity in measurements resulted from equipment break­
downs and unfavorable weather conditions. 

During 1972, four days of sampling were completed 
through the study area. Two stations were added to the 45 
monitored during 1971. Sampling stations were added 
immediately above the Brandon Road dam (sampled from 
the dam) and immediately below the Marseilles dam (sam­
pled from a bridge). 

During both years, DO and temperature measurements 
were taken on the Des Plaines, Du Page, Fox, and Vermilion 
Rivers from bridges near their confluences with the Water­
way. During 1971 the Kankakee River was sampled from 
a bridge; however, during 1972 it was sampled from a boat 
approximately a half mile above the Dresden Island Nuclear 
Power Plant cooling water intake. In addition, the power 
plant cooling water discharge was monitored for both DO 
and temperature. 

All DO measurements at the bridge locations were made 
by the Winkler method, and temperature measurements were 
made with bimetallic thermometers. DO analyzers equipped 
with probes and thermistors were used in the boats. These 
instruments were calibrated by the Winkler method and 
were periodically checked for variance. All measurements 
used for simulations and analyses were taken at 3-foot 
depths in the centerline of the main channel. A limited 
number of horizontal and vertical profiles were taken. 

Overall, more than 1100 DO and temperature measure­
ments were recorded from the boat in approximately 3000 
river miles. 
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Biochemical Oxygen Demand 

Twenty waterway stations were selected as locations for 
determining biochemical oxygen demand (BOD) during 
1971. (No successful BOD analyses were performed in 
1972.) Samples were collected on seven days. A complete 
data record for all stations was achieved on six days; the 
other day's sampling was limited to the upper 12 stations. 
Analyses were performed for nitrogenous as well as car­
bonaceous demand, and sequential analyses either in the or­
der of 1, 2, 5, and 9 days (all samples collected up to August 
25) or 2, 3, 4, 5, 7, and 9 days (all samples collected from 
August 25 through September 28) were performed. 

In addition, a special study of the upper four stations 
was made on four separate days during October and No­
vember; BOD analyses for these stations included sequential 
demand determinations on day 2 through and including day 
18. All BOD analyses were made by modifications of the 
procedure suggested by Elmore1 commonly known as the 
'jug technique.' The carbonaceous and nitrogenous BOD 
fractions were separated by use of the nitrogenous inhibitor 
N-Serve as outlined by Young.2 Approximately 1775 BOD 
analyses were made during this study. 

Ammonia, Nitrite, and Nitrate Nitrogen 

On five days during 1971, ammonia and nitrate analyses 
were run on samples collected at 20 stations through the 
waterway. On three additional days ammonia and nitrate 
samples were not collected at some of the 20 stations be­
cause of equipment failures. During 1972, ammonia, nitrite, 
and nitrate analyses were run on samples collected at 21 
stations on four days. The station added was one located 
immediately above the Brandon Road dam. 

Ammonia samples were preserved by using a 100-cc plas­
tic syringe to force water through a 0.45-micron filter con­
tained in a 37-mm plastic field monitor. Ammonia stability 
tests of filtered samples showed no measurable changes in 
ammonia concentrations in more than 48 hours under field 
conditions. The advantages of this methodology are that 
handling of acid is eliminated in the field, and the chemical 
properties of the original sample are unaltered. A disad­
vantage is that a filtered sample may become contaminated 
by carelessness or by an undetectable filter break. This 
happened only once in over 240 samples preserved in this 
manner. 

Algae 

Algae were collected at the water surface at 18 waterway 
stations in 1971. All the stations were sampled on seven 
days. In addition, partial collections were made on two 
other days. In all, 144 algae samples were collected for 
identification and enumeration. All samples were preserved 
with Lugol's solution. 
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Coliform Bacteria 

Samples for coliform bacteria analyses were collected at 
19 waterway stations in 1971. Collections were made on 
nine separate days and samples were obtained from all sta­
tions on seven days. Partial records were obtained from the 
upper and lower stations on the other two days. All sam­
ples were examined in triplicate according to Standard Meth­
ods.3 Over 900 bacterial determinations were performed 
during the period of study. 

Samples were collected at a few inches from the surface 
of the navigational channels in sterile glass bottles and placed 
in ice immediately. The bacterial analyses were performed 
within 24 hours of collection. 

Sediments and Sediment Oxygen Demand 

Benthic Organisms. Benthic organism samples were col­
lected at 13 locations for use in conjunction with the 1972 
study of the sediment oxygen demand characteristics of the 
waterway. A 6-inch Ekman dredge was used for obtaining 
the samples which were washed through a 30-mesh sieve 
and picked in the field. Organisms were counted and 
identified in the laboratory. Formalin was used for preser­
vation. 

Sediment Oxygen Demand (SOD). A special bottom 
sediment oxygen demand sampler was designed to measure 
the oxygen consuming potential of benthal deposits in the 
study area. The details of the design features and method­
ology developed are explained in detail by Butts.4 

Basically the SOD sampler consisted of a 24-inch long 
half section of a 14-inch diameter steel pipe to which 2×2 
angles were welded to act as cutting edges and seating 
flanges. A split collar plate was welded to the inside to hold 
the DO and temperature probe. Intake and outlet hose 
attachments were provided to circulate the water in the 
sampler system past the DO probe. Circulation was ob­
tained by an electric pump powered by a generator on the 
boat. 

Dissolved oxygen and temperature changes with elapsed 
time were recorded. Measurements were made at 22 loca­
tions within the study area. 

Sediment Characteristics. The physical characteristics of 
the benthic deposits were well documented throughout the 
study area. Sediment samples for laboratory analysis of 
liquid and volatile content were collected with a 9-inch 
ponar dredge at three locations in a cross section, i.e., in the 
centerline of the main channel and at points right and left 
of the channel looking upstream. 

Approximately 65 to 75 grams of sediment was retained 
and stored in 125-ml wide-mouth plastic bottles. The bot­
tles were stored overnight in a refrigerator for analysis the 
next day. About 25 to 30 grams of sample was used for 
determining the percent volatile and dried solids. The per­
cent dried solids parameter is a somewhat general indicator 
of constituency, i.e., the degree of solidity or liquidity of 



the sediment material. It was determined by decanting the 
supernatant from the top of the refrigerated samples that 
had been stored in the 125-ml bottles for approximately 
16 hours. The residue was then thoroughly mixed, and a por­
tion was oven dried at 103 C. The weight of the oven dried 

residue divided by the weight of the decanted wet residue 
times 100 was defined as the percent dried solids for use in 
this report. The percent volatile solids was determined ac­
cording to Standard Methods.3 A physical description of 
the raw and incinerated samples was recorded.4 

HYDRAULIC AND HYDROLOGIC DATA 

The water quality and waste assimilative capacity of a 
watercourse are dependent upon its flow regime and hydrau­
lic characteristics such as flow, velocity, depth, and cross-
sectional area. Discharge records of the MSDGC Lockport 
gage (MP 291.0) and the U. S. Geological Survey (USGS) 
gages at Marseilles (MP 246.3), Kingston Mines (MP 145.4), 
and on 14 tributaries were used for estimating streamflow 
rates. A special flow rating curve was developed by the 
USGS for determining flows in the lower Des Plaines River 
above Lockport. 

Data for use in developing cross sections of the Upper 
Illinois Waterway at 0.1 mile intervals throughout its 113-
mile reach were obtained from the Peoria and Joliet offices 
of the U. S. Army Corps of Engineers and the Illinois Divi­
sion of Waterways. This information was used to develop a 
hydraulic-hydrologic model for predicting streamflows, 
widths, depths, volumes, and time-of-travel values during 
intermediate to low flows for any location within the study 
reach. 

Flow Characteristics 

Because streamflows are regulated, the stage of the water­
way can fluctuate rapidly and significantly. The effects of 
Lake Michigan diversion and water release at the Lockport 
dam, managed by the MSDGC, were demonstrated during a 
sampling day on July 22, 1971. Minimum 0.5-hour flows at 
the Lockport dam were about 1670 cfs, maximum 0.5-hour 
flows were an estimated 8467 cfs, and the average daily flow 
was 4208 cfs. On another sampling day, September 20, 
1971, flows in the Dresden pool dropped to 2400 cfs from 
about 17,000 cfs on the preceding day. The drop in water 
stage elevation in a short period of time was readily 
noticeable in the pool. It is probable that such large fluc­
tuations in flow occur when precipitation in the Chicago 
watershed appears imminent. Presumably storage within the 
channel system must be made available for anticipated run­
off in an effort to minimize flooding within the drainage 
system. 

Weekly average streamflows recorded during July, August, 
and September for 1969, 1970, 1971, and 1972, at Lock-
port and Marseilles are shown in figure 2. These depictions 
reflect the uncertainties involved in planning a water quality 

Figure 2. Weekly average flow hydrographs 

study during low flow and high temperature periods. In 
general, the flows were higher at Lockport during 1971 and 
1972 study periods than during similar periods in 1969 and 
1970. At Marseilles, 1971 flows were fairly stable and in 
line with those of 1969 and 1970. However, the flows 
during 1972 at Marseilles were very high throughout the 
study period, and at times were near or at flood stage. These 
conditions prevented meaningful sampling for DO and BOD 
except for a brief period in July. During the 1972 study 
period, the maximum daily flows at Lockport and Marseilles 
were 17,377 and 39,100 cfs, respectively, whereas during 
1971 the maximum values were only 12,112 and 12,200 
cfs, respectively. The yearly average flow at Lockport for 
71 years of record is 5536 cfs, and the yearly average flow 
at Marseilles for 52 years of record is 10,630 cfs. 

Flow Duration 

The water quality standards for Illinois surface waters 
are predicated upon design flows of 7-day duration at 10-
year recurrence intervals. Estimates of these flows have 
been made for all the nonintermittent streams in the state 
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by Singh and Stall.5 The flows for the Lockport, Marseilles, 
and Kingston Mines gages on the main stem and for the 
principal tributaries at their confluence with the main stem 
are given in table 3. All of the lowest 7-day flows occur in 
late summer or early fall except those at Lockport and the 
Kankakee River which occur in winter. Both seasonally 
matched flows and 7-day low flows are given for these two 
stations. 

Flow duration curves for Marseilles and Kingston Mines 
are depicted in figure 3. The maximum flow at Marseilles 
during a 1971 sampling day was 11,500 cfs; the minimum 
was 5150 cfs. As shown by the Marseilles curve in figure 3, 
these flows are likely to be exceeded 21.0 and 75.5 percent 
of the time, respectively. Similarly for 1972, the maximum 
and minimum flows at Marseilles during a sampling day 
were 21,000 and 6680 cfs, respectively, and corresponding 

duration percentages are 5.5 and 50.0. Comparison of the 
values for the two years indicates that the flows during 1972 
were much higher. Flow durations, i.e., the percent of time 
a flow is likely to be exceeded, are tabulated in table 4 for 
all sampling days. 

A comparison of the 7-day 10-year low flows in table 3 
with flows observed on the 28 sampling days given in table 
4 indicates that the 1971 and 1972 sampling periods did 
not coincide with the design flows that are used to assess 
water quality measurements. This suggests that during de­
sign flows the values of certain water quality parameters, 
principally DO, may be lower than those observed in this 
study. Lower values are likely because the average flows 
(2269 cfs) from sewage treatment facilities discharging into 
the canals upstream of Lockport are nearly the same as the 
7-day 10-year low flow at Lockport. 

RESULTS AND DISCUSSION 

This section deals primarily with the factors affecting 
the dissolved oxygen resources and the waste assimilative 
capacity of the study area. The interrelationships between 
such parameters as dissolved oxygen, water temperature, 
biochemical oxygen demand, ammonia nitrogen, and sedi­
ment oxygen demand are discussed. In addition, the results 
of the algal and bacterial determinations are reviewed. 

Dissolved Oxygen 
DO observations made at all the stations on all dates are 

tabulated in appendix A. A summary of the DO concen­
trations observed at each of the 45 stations during 1971 
is given in table 5; the mean DO values for each station along 
with 99 percent confidence intervals are plotted in figure 4. 
For conditions similar to those which occurred during sam­
pling a 99 percent chance exists that the true mean DO 
values fall between the confidence limits. A summary of the 
DO concentrations observed for the four days sampled at 
47 stations during 1972 is given in table 6, and the DO pro­
files are plotted in figure 5. A confidence interval for the 
1972 profile was not computed because it would have little 
meaning with only four samples. 

Figure 4 shows that DO degradation occurs in all the 
pools except the Starved Rock pool. A smooth transition 
in DO appears to be occurring between pools at the Mar­
seilles dam in contrast to the other dam sites where signifi­
cant reaeration takes place causing abrupt increases in DO 
below the structures. In other words, the DO profile for the 
Starved Rock pool appears to be merely an extension of the 
Marseilles pool DO profile. The reason for this is that when 
Illinois River flows are approximately 8500 cfs or less, all 
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the river flow is diverted through the Illinois Power Com­
pany hydroelectric plant at Marseilles. This water is not 
subjected to reaeration as it would be if left to flow over the 
dam. Except for one date (see table 4) the flows for the 
four 1972 sampling days were much greater than 8500 
cfs. Consequently, a considerable percentage of the flow 
was subjected to aeration at the dam and this is reflected in 
the 1972 DO profile for the Starved Rock pool (figure 5). 
A sharp jump in DO occurs below the Marseilles dam, and a 
DO sag curve, similar to those in the other pools, develops. 
Although the flows during 1972 were quite high, pro­
nounced and well-defined DO sag curves developed for all 
the pools. 

The MSDGC operation of the hydroelectric station at 
Lockport also reduces reaeration at the Lockport dam, al­
though not to the degree that was observed at Marseilles. 
Only on two occasions during the study period did the up­
stream and downstream DO concentrations essentially re­
main unchanged. However, on most other days, the down­
stream DO was less than it would have been if the hydro­
electric plant had not been operating. Since the MSDGC 
keeps excellent records of its operations, it was possible to 
develop an empirical formula for predicting the downstream 
DO concentration. This formula is: 

where 

The multiple correlation coefficient between P, Q and DO 
for the observed data is 0.95, a high value. The equation in-



Table 3. 7-Day 10-Year Low Flows, 
Main Stem and Principal Tributaries 

Figure 3. Flow duration curves for Marseilles 
and Kingston Mines 

Table 4. Time-of-Travel, Flow, and Flow Duration for Sampling Dates 
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Table 5. Summary of DO Concentrations, 
1971 Sampling Dates 

Table 6. Summary of DO Concentrations, 
Four 1972 Dates 
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Figure 4. Mean dissolved oxygen profile, 1971 dates 

Figure 5. Mean dissolved oxygen profile, July 11, 18, 24, 26, 1972 
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Table 7. Summary of 1971 Upstream and 
Downstream DO Values at Dam Locations 

Table 8. Summary of 1972 Upstream and 
Downstream DO Values at Dam Locations 

dicates that for a flow in the canal of 2800 cfs (approxi­
mately three-fourths of the average MSDGC waste discharge) 
and P = 100 (no power generation), the estimated down­
stream DO would be 5.6 mg/l. However, if 100 percent of 
this flow were used for power generation, the estimated 
downstream DO would be only 1.9 mg/l. This demonstrates 
that a detrimental effect on the downstream water quality 
can occur when a large fraction of the flow is used for power 
generation. In this case, however, only a short reach is 
affected since the Brandon Road Dam, a highly efficient 
aerator, is less than 5 miles downstream. 

Summaries of the upstream and downstream DO concen­
trations for all the dam locations are given in tables 7 and 8. 
The data indicate that during intermediate to low flows, 
such as those during 1971, DOs above 5.0 mg/1 can be read­
ily maintained immediately below the Brandon Road, Dres­
den Island, and Starved Rock dams even though the up­
stream values were considerably lower than 5.0 mg/1. 
During 1972 when the flows at Marseilles were high, DOs of 
5.0 mg/l or greater were maintained downstream of the dam. 
However, the downstream DO levels at Lockport showed 
a marked deterioration over those observed in 1971, though 
the DO levels upstream of the dam were similar in both 
years. The overall effect this had on DO resources of the 
Brandon Road pool is demonstrated by the great difference 
in levels of the 1971 and 1972 DO profiles depicted in fig­
ures 4 and 5. 

The dams are significant reaeration sources for waters 
overflowing them. The extent of the aeration establishes 
the bases for the configurations of the DO sag curves. How­
ever, the dams should not be considered wholly beneficial. 
On the contrary, their existence lessens the capability of 
the waterway to assimilate organic waste by: 

1) Increasing the time-of-travel and thus lengthening 
incubation periods in each pool 

2) Increasing the depth of flow and decreasing stream 
velocities thus lowering the reaeration capability 
of the pooled water 

3) Encouraging deposition and accumulation of solids 
on the pool bottom thereby creating benthic bio­
chemical oxygen demands. 

The hydraulic features for each pool are summarized in 
table 9. Although the average pool DO is influenced by the 
biological rate of organic degradation, it is also influenced 
by the waste assimilative capacity which is directly related 
to hydraulic characteristics. Table 9 indicates that the pools 
possessing the lowest capabilities for assimilating wastes are 
Brandon Road, Dresden Island, and Peoria, principally be­
cause of their lower velocities and deeper water depths. A 
summary of pool DOs given in table 10 supports this classi­
fication. Therefore, any measures undertaken to deepen 
the pools would be detrimental to the water quality of the 
pools. 

In general, the average pool DO values given in table 
10 appear highest for the Marseilles pool. This was partic­
ularly true during the period August 4-25, 1971, when lake 
diversion was substantially increased. 

The DO content of several tributary streams can signifi­
cantly influence the DO in the waterway under certain cir­
cumstances. To have a significant positive effect both the 
DO concentrations and flows of the tributary must be rela­
tively high in comparison with Illinois Waterway values. The 
DO and flows are summarized in table 11 for the five major 
tributaries; the DO values for each individual date are tabu­
lated in appendix A. The 1971 data represent up to 24 
dates and are therefore more representative of conditions 
over a wider but lower flow range. 

Table 9. Summary of Hydraulic Features for Pools, 1971 Sampling Dates 
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Table 10. Average DO for Pools 

(A verage DO in milligrams per liter) 

The Kankakee and Fox are the only two rivers of suffi­
cient size to continuously affect the DO in the waterway. 
These influences are reflected in the average DO profiles of 
figures 4 and 5. The Fox River effect on the waterway rep­
resents a fraction of a milligram per liter increase, whereas 
the apparent effect of the Kankakee is well over 1 mg/l. The 

Kankakee effect is called 'apparent' because the ambient 
DO in the Kankakee is not in itself great enough to cause a 
1 or 2 mg/l DO increase downstream in the waterway. The 
dramatic reversal of the Dresden Island pool DO profiles of 
figures 4 and 5 is due principally to the highly oxygenated 
cooling water effluent discharged at the Dresden Island Nu­
clear Power Station located at the mouth of the Kankakee. 
During the four 1972 sampling days, the average DO of the 
cooling water intake (located on the Kankakee River) was 
5.6 mg/1, whereas that of the discharge (located on the wa­
terway) was 6.8 mg/1. Because the discharge DO is high and 
at times the power plant uses practically all the Kankakee 
River flow for cooling purposes, a large increase in the wa­
terway DO below the power station is to be expected. How­
ever, the benefit of this influx of highly oxygenated water 
is not fully utilized because the Dresden Island dam, located 
less than 1 mile downstream, reaerates the stream to high 
DO levels as previously discussed. 

All the tributaries listed in table 11, except the Kankakee 
River, show wide fluctuations in DO; supersaturation com­
monly occurs. This indicates these tributaries are enriched, 
and they commonly experience algal blooms. During this 
study the Du Page, Fox, and Vermilion Rivers were fre­
quently observed to be 'pea soup' green, and the Des Plaines 
River was observed to be in this condition infrequently. 

Temperature 

Cooling water is withdrawn and returned as heated dis­
charges by 11 steam electrical generating plants along the 
Illinois Waterway. Four of these plants, along with nu­
merous industrial operations, discharge heated cooling wa­
ter within the study area. The temperatures observed at 
each sampling station for each date are tabulated in appen­
dix B. 

A summary of water temperatures observed during 1971 
is shown in table 12. The stations at MPs 284.0, 271.6, 
222.6, and 209.4 are the first ones-downstream of power 
plants. Station 284.0 had the maximum rise in temperature 
of 5.5°C (9.9°F), the highest average rise of 4.0°C (7.2°F), 

Table 11. Summary of Tributary Flows and DO Concentrations 
near Confluences with Waterway 
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Table 12. Summary of Station Temperatures, 
1971 Sampling Dates 

and a maximum temperature of 32.0 C (89.5 F). At station 
271.6 the average rise in water temperature was 1 C (1.8 F) 
with a maximum rise of 3.2 C (5.8 F) and a maximum 
temperature of 31.2°C (88.0°F). Very slight increases 

occurred at 222.6 and 209.4. All measurements were made 
at 3-foot depths on the centerline of the navigational chan­
nel; no effort was made to define the thermal plume at 
each station. 

A mean temperature profile, with 99 percent confidence 
intervals, is depicted in figure 6. This shows the significant 
rise in water temperature at MP 284.0 which in effect 
raises the whole temperature profile of the waterway. 

The average temperatures for each pool on each sampling 
date are shown in table 13. The average temperatures for 
the Dresden Island pool were the highest, equaling or ex­
ceeding 29 C (84.3 F) on five occasions. This average 
temperature was exceeded in the Marseilles pool twice. On 
September 2, 1971, and July 24, 1972, the average pool 
temperatures were uniformly high throughout the study 
area below the Brandon Road dam. 

Table 13. Average Temperatures for Pools 
on Sampling Dates 

(Temperature in degrees Centigrade) 

12 



Figure 6. Mean temperature profile, 1971 sampling dates 

Biochemical Oxygen Demand 

Previous studies in the La Grange pool6 of the waterway 
demonstrated the need for assessing both the carbonaceous 
oxygen demand and the nitrogenous oxygen demand, i.e., 
the microbial oxidation of ammonia-N and nitrite-N. For 
this study, the sum of these demands was considered the to­
tal dissolved biochemical oxygen demand upon the dissolved 
oxygen resources in the waterway. The bottom sediments 
also exert an oxygen demand and will be discussed later. 

Frequently the oxygen demand of liquid wastes or sub­
stances subject to biochemical oxidation in water is charac­
terized by the 5-day biochemical oxygen demand (BOD ) 
test. In essence, the test results are interpreted as the de­
mand for oxygen of the substance being tested or as the 
measure of the biodegradable material available for micro­
bial oxidation. Just as important but less understood is the 
fact that the test reflects the activity and population of the 
microbes available in the tested media. 

The carbonaceous or nitrogenous demand is dependent 
upon the number of cooperating bacteria present in a sam­
ple, if an unlimited supply of food is available. In the case 
of carbonaceous oxidation, the heterotrophs are capable of 
using an organic carbon source for energy and producing, as 
a byproduct, carbon dioxide. For nitrogenous oxidation, 
the autotroph Nitrosomonas utilizes ammonia as an energy 
source converting it to nitrites while the autotroph Nitro-
bacter utilizes nitrites as an energy source converting it to 
nitrates. 

The oxygen requirements for these fundamental oxida­
tion processes are very different. For satisfying the carbo­
naceous demand one part of oxygen is required for each 
part of the substance oxidized; for the nitrogenous demand 
4.57 parts of oxygen is required for one part ammonia-N 
oxidized. In effect, 1 mg/l NH -N has a potential oxygen 
demand equivalent to 4.57 mg/l. 

A limiting aspect of the BOD test is that frequently 
five days is not sufficient time to develop a dynamic nitrify­
ing bacteria population. Thus a BOD5 result may not in­
clude the effects of nitrogenous oxidation. 

With these basic concepts in mind, it is also important to 
realize that the ultimate BOD, not the BOD5, is the param­
eter used to assess waste degradation in stream waters. The 
ultimate demand (La ) is a function of the rate of deoxygen-
ation (K1 ), and the basis for determining these values is 
either BODs performed at varying periods of time, as men­
tioned earlier in this report, or determinations of actual DO 
usage between selected points on a stream. 

The mean 5-day total, carbonaceous, and nitrogenous 
oxygen demands observed at 20 locations in the study area 
are listed in table 14. Also given are the 1971 mean 
ammonia-N and nitrate-N loads. The 1971 residual 
ammonia-N and nitrate-N loads and the 1972 residual 
ammonia-N, nitrite-N, and nitrate-N loads are shown in 
figures 7 and 8, respectively. The 1971 and 1972 data show 
similar patterns that basically dictate the downstream BOD 
characteristics. Between Lockport and Marseilles the am-
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Table 14. Mean Oxygen Demand and Residual 
Ammonia and Nitrate-Nitrogen Loads, 

1971 Sampling Dates 

monia-N load appears relatively constant although some 
localized influences are evident. The sampling station at 
the confluence of the Kankakee and Des Plaines Rivers 
shows an apparent additive effect in 1971 and a diluting 
effect in 1972. A significant increase in ammonia-N oc­
curred through the Brandon Road pool during 1972. The 
biochemical oxidation of ammonia-N commences around 
Marseilles and continues to Chillicothe, the head of Upper 
Lake Peoria. 

The average ammonia-N loads at Lockport during 1971 
and 1972 were 107,000 and 149,000 lbs/day, respectively. 
The estimated average upstream ammonia-N contributions 
from the three MSDGC treatment plants and from the Grand 
Calumet River total 106,800 lbs/day, a figure almost identi­
cal to the 1971 observed load. The somewhat higher 1972 
values could be the result of possible increased combined 
sewer overflow because of the wet conditions that persisted 
during 1972. The theoretical ultimate BOD of the 1971 
and 1972 ammonia-N loads at Lockport were approximate­
ly 489,000 and 681,000 lbs/day, respectively. Both consti­
tute a tremendous potential demand on the DO resources 
of the upper waterway. 

Figures 7 and 8 show an inverse relationship between 
ammonia-N and nitrate-N in a downstream direction. This 
is expected since the final product of nitrification is nitrate. 
However, the increase in nitrate-N is out of proportion to 
the decrease in ammonia-N; the reason for this is that the 
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Kankakee and Fox Rivers contribute heavily to the nitrate-
N load. This was particularly true during 1972 when the 
tributary flows were unusually high for summer. The sharp 
drop in the ammonia-N load at Marseilles during both years 
may be partially due to the Fox River discharge. The Fox 
River low flows are made up principally of well treated 
domestic sewage, and by the time these discharges reach the 
Illinois River they are partially or fully nitrified. Conse­
quently, the Fox River discharge should be populated with 
viable nitrifying bacteria capable of immediately utilizing 
Illinois River ammonia-N as an energy source. 

Nitrite, an intermediate oxidation product, usually occurs 
only in small quantities in an aquatic environment. As 
shown in figure 8, the nitrite-N load was relatively small in 
the upper waterway above Marseilles. Below Marseilles the 
nitrite-N load increases and appears to be correlated to the 
sharp decrease in ammonia-N load in this area. 

The observed nitrogen concentrations and loads are tabu­
lated in appendix C. Ammonia-N and nitrate-N concentra­
tions were found to be significantly influenced by stream-
flow. For example, during 1971 concentrations of NH -N 
ranged from 2.45 to 6.12 mg/l at the uppermost station and 
from 0.45 to 0.86 mg/l at the lowermost station. Similarly 
N O - N concentrations varied from 0.08 to 0.46 mg/l at the 
upper end and from 1.42 to 2.66 mg/l at the lower end. The 
higher concentrations occurred at the lower flows. 

The inverse relationship of the NH -N loadings to the 
NO 3 -N loadings along the course of the waterway, as de­
picted in figures 7 and 8 and summarized in table 14, dem­
onstrate some aspects of nitrification. However, figure 9 
clearly shows the relative importance of the nitrogenous 
demand to the carbonaceous demand for DO in the Upper 
Illinois Waterway. 

The carbonaceous demand curve suggests a slight upward 
trend in the downstream direction with some additions in 
the vicinity of the Kankakee River confluence and the 
Ottawa area. The carbonaceous demand is not, however, the 
primary load. The significance of the nitrogenous demand 
is reflected by the configuration of the total demand curve. 
That the maximum demand occurs at approximately the 
midpoint of the study area creates an illusion that the 
Chicago Metropolitan area is not the principal source of the 
demand load. This is indeed an illusion and is not supported, 
in fact, by the data depicted in figures 7 and 8 or knowledge 
of community and industrial sources along the reach (see 
table 2). The total demand curve, governed principally by 
the nitrogenous demand, reflects bacteria growth rather 
than organic waste additions along the watercourse. 

The autotrophic nitrifying bacteria required for ammonia 
reduction have a generation time of 30 to 40 hours; the 
heterotrophs, which utilize carbonaceous organic matter, 
have a generation time in terms of minutes. Thus the nitri-
fiers require 5 to 6 days to generate a bacteria population 
sufficient to use the potential nitrogenous load. The 45-



Figure 7. Mean ammonia—N and nitrate—N loads through study reach, 1971 

mile distance between Lockport and the area of maximum 
demand load (near Marseilles) is equivalent to a time-of-
travel of 5 to 6 days during moderately low flows. Con­
sequently, in the lower reaches, the nitrifying bacteria have 
attained the high metabolic activity required for utilizing 
the ammonia originating in the Chicago area. These are the 
underlying reasons for the configuration of the total and 
nitrogenous demand loads depicted in figure 9. 

In support of this reasoning, water samples were col­
lected at MP 290.0, and long term BODs, up to 18 days, 
were observed. Results were similar for four samples and a 
representative finding is depicted in figure 10. The config­
uration of the nitrogenous demand curve indicates that 
nitrogenous bacteria do not become active for several days 
(lag period) whereas carbonaceous bacterial activity starts 
almost immediately. However, after a buildup of nitrifiers 
in about 5 days, an increasing rate of oxidation occurs up to 
10 days from the time of incubation; thereafter, the rate of 
demand decreases. This curve supports the view that the 
waterway will be required to satisfy a nitrogenous demand 
somewhere along its downstream course, and further that 
any BOD curve developed for downstream stations will likely 
be a truncated portion of the whole curve shown in 
figure 10. 

As an example of this, three BOD curves for three sta­
tions are shown in figure 11. The stations are MP 243.7, 
213.4, and 179.0, and zero times for the curves represent 
5—6 days, 6—7 days, and 11—12 days, respectively, travel 
time from Lockport. In other words, when these samples 
were collected they had already gone through the in-river 
incubation times noted. The BOD curves (a) and (b) repre­
sent that portion of figure 10 commencing after about 6 
and 8 days, respectively, and curve (c) represents the upper­
most portion of figure 10. 

The demand loads depicted in figure 9 are the mean 
loads observed during the period of study. For this condi­
tion, the peak of the nitrogenous demand occurred in the 
vicinity of Marseilles. However, the apex of the demand 
load, being a function of the bacterial activity and thus 
dependent on time, will shift with streamflows. For higher 
streamflows (shorter time-of-travel between points) the shift 
of the maximum demand for oxygen will be downstream. 
Figure 12 demonstrates this phenomenon for moderately 
high flows (August 4, 1971), and shows the apex of the de­
mand load near Chillicothe about 110 miles downstream of 
Lockport. For lower streamflows (longer time-of-travel 
between points) the shift of the maximum demand will be 
upstream. Figure 13, for September 20, 1971, represents 

15 



Figure 8. Mean ammonia-N, nitrite—N, and nitrate—N loads through study reach, 1972 

this condition. In general, the maximum nitrogenous de­
mand for oxygen in the Upper Illinois Waterway commences 
within 5 to 7 days flow time downstream of Lockport. 

The rates of oxidation (K1 ) were not successfully deter­
mined during this study because the maximum selected in­
cubation period of 9 days was subsequently found to be 
too short. This realization prompted the long term incuba­
tion periods for samples collected from stations 292.1, 
290.0, 287.3, and 285.8. The results from 18-day incuba­
tions of these samples (see example in figure 10) were sub­
stantial proof that the preconceived 9-day incubation period 
was unsatisfactory. Therefore, the samples from each sta­
tion would have required incubation from 10 to 18 days for 
defining the rate of biochemical oxidation along the water­
way. 

To assess the reliability of the long term progression 
curves (figure 10) as applied to actual observations for total 
BOD5 in the waterway, two of the progression curves for 
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MP 290.0 were restructured into 5-day increments and 
plotted against time. The total BOD5 observed at each sta­
tion on September 20 was similarly plotted. As shown in 
figure 14, the similarity in configuration and magnitude is 
quite good considering the artificiality of the BOD tests. 
The results suggest that BOD progression curves for a sta­
tion can be of value in predicting the shape and magnitude 
of 5-day BOD curves at some point downstream of that sta­
tion. By the same reasoning a single 5-day BOD at some 
point along the Upper Illinois Waterway is meaningless and 
not worthy as a measure of water quality. 

Benthic Oxygen Demand 

Oxygen depletion as a result of benthic activity is in­
fluenced by two factors in the study area: 1) biological ex­
traction of dissolved BOD by attached zoological growths, 
and 2) biological stabilization of deposited sediments, re-



Figure 9. Mean BOD5 loads per station through study area 

ferred to as sediment oxygen demand (SOD). The SOD was 
measured directly in the field as briefly outlined in the sec­
tion on sampling methods in this report. The influence of 
biological extraction was computed. For details of this in­
vestigation see Butts.4 

Measured SODs are tabulated in table 15 and computed 
benthal extraction values are given in table 16. Areas with­
in all pools except the Marseilles pool exhibited significant 
SOD rates. Values within the Marseilles pool are estimated 
to be less than 1 g/m2 /day principally because the bottom 
sediments are mostly sand and gravel. On the basis of sedi­
ment composition and the volatile solids content, SOD ex­
trapolations were made for the bottoms throughout the 
study area. 

Benthal extraction generally occurs in rocky, shallow 
areas below the navigation dams, within the dam locks, and 
along riprap shore lines. The rates listed in table 16 are for 
areas immediately downstream of the dams, and the rates 
decrease markedly in the downstream direction. The values 
immediately below the Lockport dam in the Brandon Road 
pool are very high reflecting the large organic waste and 
nutrient loads being imposed upon the waterway at this 

point. The shore line consists of limestone riprap covered 
by a dense healthy zoological mass similar to that which 
occurs on the stone of a trickling filter treatment plant. 
Similar growth occurs on all the walls of the navigation 
locks; the fill and draw operation of locking promotes this 
growth in conjunction with dissolved BOD in the river 
water. 

During low flow conditions, benthal oxygen usage is sig­
nificant. When the SOD rate is given in terms of grams per 
square meter per day (g/m2/day), the usage in terms of 
milligrams per liter per day (mg/l) within a reach can be 
computed by: 

where 

The equation shows that, for a given SOD rate and time-of-
travel value, wide shallow reaches will show greater DO 
depletions than will narrow deep reaches. Table 17 sum-
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Figure 10. BOD progression curves, Brandon Road pool 

Figure 11. BOD progression curves, lower section 
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Figure 12. BOD versus time-of-travel for moderately high 
flow, August 4, 1971 

marizes the effects of benthal oxygen demands within the 
pool areas under several flow conditions. DO usage is con­
siderably greater for the 7-day 10-year low flow condition 
than for the two higher flow conditions. 

Benthic Organisms 

At 13 of the 22 stations sampled for SOD, bottom sam­
ples were examined for macroorganisms. The only organ­
isms found were sludgeworms (Tubifix) and bloodworms 
(Chironomus larvae). The former occurred in massive quan­
tities in the Brandon Road and Dresden Island pools. 
Table 18 lists the total number of invertebrates found at the 
13 stations examined. The number of worms in the sam­
ples above mile 281.4 was so great that field picking and 
counting was impossible (they existed in terms of hundreds 
of thousands per square meter). The reason for making 
the counts was principally to determine where macroinver-
tebrates were present and in what numbers, since several re­
searchers have found a high correlation between macroin-
vertebrate numbers and SOD rates. 

Algae 

Many factors affect the distribution, density, and species 
composition of algae in natural waters. These include the 
physical characteristics of the water, length of storage, 
temperature and chemical composition, in situ reproduc­
tion and elimination, floods, nutrients, human activities, 
trace elements, and seasonal cycles. Consequently, any 



Figure 13. BOD versus time-of-travel for low flow date, September 20, 1971 

definitive study of algae populations in a natural water 
must be of long term duration. There is, nevertheless, some 
merit in performing short term studies, particularly during 
periods of high temperature and low flow, if the interest in 
algal productivity is related to water-based recreation. The 
objectives of the algal phase of the study were threefold: 

1) To determine and compare the densities, composi­
tion, and distribution of algae at various locations 
along the waterway. 

2) To assess the relationship, if any, of algal densities 
to selected water quality indices (temperature, DO, 
BOD5 , coliform bacteria, and streamflow). 

3) To ascertain the evaluation techniques best suited 
for detecting significant changes in the density, 
composition, and distribution of the algal com­
munity. 

The 18 waterway stations selected for algae collections 
and their relationship to each pool are shown in figure 15, 
and algal densities for days of collection at each station are 
tabulated in appendix D. During the days of collection, 
streamflows ranged from 2766 to 7698 cfs at Lockport and 

Figure 14. Comparison of station BOD5 plots and 5-day 
BOD incremental plots for MP 290.0 
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Table 15. Summary of Sediment and SOD Characteristics 

Table 16. Computed Benthal 
Extraction Rates 

from 5330 to 10,990 cfs at Marseilles. Temperatures ranged 
from 20.4 to 31.0 C and were generally lower as the waters 
progressed downstream. Algal densities ranged from a min­
imum of 310 counts per milliliter (cts/ml) at MP 292.1 
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Table 17. Computed DO Usage in Pools Due 
to SOD and Benthic Extraction 

Table 18. Invertebrate Populations 
at 13 SOD Sampling Stations 

(Lockport pool) on July 28 to a maximum of 13,600 cts/ml 
at MP 222.6 (Peoria pool) on August 4. Algal densities 
exceeded 3900 cts/ml 25 percent of the time. 

In Lackey's study7 on plankton production on certain 
lakes in southeastern Wisconsin he arbitrarily selected 500 
cts/ml as representative of an algal bloom for the purpose of 
his work. His definition has been perpetuated in such a man­
ner as to suggest that algal densities in excess of 500 cts/ml 
are in all cases undesirable and of nuisance proportion. 
Most algal densities observed during the study period were 
in excess of 500 cts/ml, yet algal blooms of nuisance pro­
portions did not exist on the waterway. The principal rea­
son for this is that most of the plankters are diatoms; simi­
lar alga! densities with blue-green as the predominant type 
would create different results. It is, therefore, inappropriate 
and misleading to characterize the environmental desirability 
of water solely on the basis of algal density without regard 
to the types of predominant plankters and the use to be 
made of the water. 



Figure 15. Profile of waterway with location of algae collection sites 

Observations for four representative stations plotted on 
logarithmic probability paper formed a geometrically nor­
mal distribution pattern (straight line), as shown in figure 
16. It seemed appropriate, therefore, to express central 
tendencies and the dispersion of the algal density data in 
geometric terms. The geometric mean (Mg ) and dispersion 
characteristics for algal densities at each station are sum­
marized in table 19. The geometric mean ranges from 1340 
cts/ml at MP 292.1, the uppermost station, to 3790 cts/ml 
at MP 196.9, in the lower reach. 

Comparing the geometric mean of a station with that at 
other stations by Duncan's multiple range test failed to 
reveal a clear-cut pattern of distribution. Cell counts for all 
stations within a pool were then combined and considered 
as representative of that pool. The distribution of 'pool 
means' was found to be geometrically normal and the geo­
metric mean for each pool was plotted as shown in figure 

17. The figure shows a trend of increasing algal population 
with progressive water movement downstream. 

Other investigators have found water temperature to be 
the single most important factor affecting river plankton 
densities. Within the temperature ranges experienced in this 
work, there was no detectable correlation between algal den- Figure 16. Probability of algal densities at selected stations 

21 



Table 19. Range, Mean, and Standard Deviation 
of Algal Densities, 1971 Sampling Dates 

Figure 17. Distribution of algae in pools 

sities and water temperature. Further, no correlation 
existed for algal densities with DO, BOD5 , coliform bacteria, 
and streamflow. It is conceivable that any attempt to define 
relationships of a gross plankton population with significant 
environmental factors is likely to be unfruitful. A more 
meaningful correlation might be gained by comparing spe­
cif ic genera with changes in environment, but since the com­
position of the algal population in the waterway was not 
diverse, this did not appear worthwhile. 

The genera richness of the waterway is reflected by the 
tabulation in table 20. In the 144 collections, 23 algal 
genera were identified. During an earlier study in Peoria 
Lake, 38 genera were detected. Of the 23 genera, 1 was 
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blue-green, 8 were greens, 13 were diatoms, and 2 were 
pigmented flagellates. 

The dominant genera were the diatoms Cyclotella, Nivac-
ula and Melosira; the green algae Scenedesmus; and the pig­
mented flagellate Euglena. These plankters occurred at all 
18 collection stations with the exception of Melosira which 
was not detected at MP 292.1. 

Diatoms were the predominant genera making up about 
85 percent of the total algal density with Cyclotella ac­
counting for 61 percent of the total density. There was no 
evidence, on the basis of occurrence, to suggest that any 
preferential habitat existed for algal production in the 113-
mile reach. 

The number of genera per sample as a function of total 
occurrence was found to be distributed in an arithmetically 
normal pattern. As shown in figure 18 the number of 
genera per sample ranged from 1 to 9 with a mean of 4.2; 
about 95 percent of the time the range was 3 to 6 genera 
per sample. 

Of the many methods suggested for defining the struc­
ture of a biological community, the most widely used pro­
cedure has been the diversity index. Although different 
formulas have been used, the one determined by the infor­
mation theory formula was chosen for this study, as follows: 

where p. = Ni/N5 is the probability of the occurrence of the 
ith genera, Ni is the density of the i genera, N5 is the total 
algal density of the sample, and m is the number of genera 
per sample. For convenience log2pi. may be expressed as 
1.44 In pi 

The index D has a minimum value when m = 1 and a 
maximum value when m = N5. The computed diversity 
indices for the waterway are summarized in table 21 . The 
mean values observed for each navigational pool suggest the 
upper two pools have the least diversity in algal genera as 
well as the least mean algal density (see figure 17). Inter­
estingly, the next downstream pool (Dresden Island) was the 
most diverse in algal genera as measured by the index. Al­
though there was a wide range in the diversity index per 
station, 95 percent of the samples had indices between 1.0 
and 2.0. 

Wilhm and Dorris8 proposed the use of the diversity in­
dex as a means for assessing degrees of water pollution. They 
suggest that an index of less than 1.0 is indicative of 'heavy' 
pollution, and from 1.0 to 3.0 representative of moderately 
polluted to reasonably clean water. Solely on the basis of 
these criteria the water quality of the Upper Illinois Water­
way could be classified as moderately polluted. 

There have been claims that the diversity index is the 
best parameter for assessing the effects of various chemicals 
and wastewater on an algal population. However, the use of 
the index here does not appear any more rewarding in eval­
uating algae communities in the Upper Illinois Waterway 
than the use of algal densities and algal richness. 



Table 20. Algae Genera and Occurrence, 1971 Sampling Dates 
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Figure 18. Frequency of occurrence of algae genera 

Table 21. Algae Diversity Indices, 1971 Sampling Dates 

In summary, the total number of algae at each station, 
and in each navigational pool, showed a logarithmically nor­
mal frequency distribution. Therefore, the central ten­
dency and dispersion of algal densities are characterized by 
geometric terms. Algal densities ranged from a minimum of 
310 cts/ml to a maximum of 13,600 cts/ml. The geometric 
means ranged from 1340 cts/ml at the uppermost station to 
3790 cts/ml in the lower reach. Assessing algal densities on 
a pool by pool basis suggests an increase in algal densities 
progressively downstream. There was no visible evidence of 
a nuisance algal bloom during the study. 

Efforts to correlate algal densities with water temperature, 
DO, BOD5 , coliform bacteria, and streamflows were not 
successful. Diatoms were the dominant algal group making 
up 85 percent of the total density, and the number of genera 
per sample collection, though ranging from 1 to 9, averaged 
4.2. Solely on the basis of criteria suggested by some in­
vestigators in applying the diversity index for quantifying 
water quality, the waters of the Upper Illinois Waterway can 
be classified as moderately polluted. However, since no 
correlation existed between other factors related to water 
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Figure 19. Probability of TC densities at selected stations 

The bacteria sampling stations were the same as those 
used to collect algal samples (figure 15) except one station 
was added at MP 290.0. As in the case of the algal data, the 
bacterial densities were determined to be distributed in a 
geometrically normal pattern. Plots of total coliform and 
fecal coliform data on log probability paper are shown in 
figures 19 and 20, respectively. From the slopes of the 
distribution lines it appears that bacterial densities at MP 
292.1 are likely to be considerably more variable than at 
the other stations shown. 

The bacterial densities at each station for each collec­
tion are included in appendix E, and the ranges and geo­
metric means for total and fecal coliform densities are sum­
marized in tables 22 and 23, respectively. That bacteria 
densities, as measured by geometric means, progressively 
decrease with downstream water movement is illustrated in 
figures 21 and 22. The influence of waste treatment plants 
at Joliet, Morris, Marseilles, Ottawa, and La Salle-Peru is 
marked by pulses along the density curves. 

Total and fecal coliform densities were quite variable 
and presumably a function of sampling days and downstream 
water movement. Total coliform densities ranged from a 
maximum of 9,900,000/100 ml at MP 292.1 to a minimum 
of 200/100 ml at MP 188.0 and 179.0. Similarly, fecal 

Figure 20. Probability of FC densities at selected stations 

coliform densities varied from a maximum of 400,000/100 
ml at MP 292.1 and 278.0 to a minimum of 4/100 ml at MP 
179.0. Fecal coliform densities observed during July and 
August 1971 were evaluated in terms of the IPCB standards. 

Five samples collected during August 4-31, 1971, were 
used for each of the upper stations from MP 292.1 to 247.0. 
Five samples obtained during July 28 to August 25 were 
used for the lower series of stations from MP 243.7 to 
179.0. The observed data are depicted in figure 23 which 
also shows the 'limit lines' for fecal coliform of 200/100 ml 
and 1000/100 ml. Figure 23 shows that only three sta­
tions met IPCB rule 203(g): MP 226.9, 188.0, and 179.0. 
All but one station in the Peoria pool had geometric means 
less than 200/100 ml. All other pools had geometric means 
exceeding the IPCB bacteria standard by excessive margins. 

Since the historical record of bacteriological examina­
tions on the waterway is based principally on total coliform 
densities, determinations for FC:TC ratios were made to 
assess the historical bacterial data in terms of FC. 

A summary of the FC:TC ratios for all stations and each 
navigation pool is given in table 24. The ratios vary from 
0.002 to 0.38 with an overall average of 0.088. The overall 
average was lower than the 0.14 ratio found for the Ohio 
River.10 Strobel11 reported that the relationship between 
fecal coliforms and total coliforms varied with the source of 
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Table 22. Ranges and Means of Total Coliform Densities, 1971 

Figure 21. Density progression curve for total coliform Figure 22. Density progression curve for fecal coliform 
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Table 23. Ranges and Means of Fecal CoIiform Densities, 1971 

pollution, level of treatment provided, characteristics of the 
receiving waters, and precipitation on the watershed. The 
ORSANCO committee10 felt that high FC:TC ratios might 
indicate the proximity of inefficient waste treatment plants; 
low ratios are most likely caused by aftergrowths of 
Aerobacter aerogenes which produce abnormally high TC 
counts. 

There have been many studies12-22 concerning the die-
off rates of bacteria in streams and most of the work sug­
gests that Chick's law, one of the first mathematical formu­
lations for describing die-off curves, remains quite applicable 
for estimating the survival of pathogens and nonpathogens 
of special interest in stream sanitation investigations. The 
law is: 

where N0 and N are bacterial densities at time 0 and t days, 
respectively, and k is the die-off or death rate. Figure 23. Evaluation of FC data with IPCB rules 
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Table 24. The FC:TC Ratio for the 
Upper Illinois Waterway 

Fair and Geyer19 proposed a similar model to describe 
the decreasing phase of the curve, as follows: 

where n is a coefficient of nonuniformity. When n = 0 
equations 6 and 4 are the same. 

The work of Frost and Streeter17 and more recently 
that of Klock20 have led to similar mathematical expres­
sions. However, the probable errors in stream sampling, 
bacterial enumeration, temperature changes, and other 
limitations in field work would suggest the use of a simple 
mathematical expression. For that reason Chick's formula­
tion was chosen. 

Before Chick's law was applied to the data they were 
transformed to bacterial population equivalents (BPE) in 
the manner proposed by Kittrell.12 The following expres­
sions were used for TC and FC data: 

Here the FC:TC ratio was assumed to be 0.964 as re­
ported by Geldreich.21 
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Average streamflows and geometric means were used for 
BPE calculations. Plots of BPE versus time-of-travel on 
semilog paper are shown in figures 24 and 25 for TC and FC 
data. Reasonably good straight lines of fit were developed. 
It was determined that the decline in the bacteria popula­
tion could best be characterized by considering the study 
area in two sectors, that is, an upper portion extending from 
MP 285.8 to 246.9 (Dresden Island and Marseilles pools), 
and a lower portion extending from MP 246.9 to 179.0 
(Starved Rock and Peoria pools). The estimated decay or 

Table 25. Coliform Death Rates 

(Death rare k per day) 

Table 26. Coliform Death Rates Observed in Rivers 



Figure 24. Integration of TC data in relation to time-of-
travel from zone of maximum density (MP 285.8) 

Figure 25. Integration of FC data in relation to time-of-
travel from zone of maximum density (MP 285.8) 

death rates for TC and FC in the two sectors for different 
sampling periods are summarized in table 25. 

In general, bacterial death rates were higher in early 
summer than in late summer, and the rates were higher in 
the upper pools than in the lower pools. For reference as 
well as comparison, a summary from Velz13 is included in 
table 26. Here it is shown that work by Hoskins et al.,22 re­
ported in 1927, produced a death rate for the Illinois River 
of 0.67 during warm weather after 2 days of travel com­
pared with a rate of 0.62 developed from this study during 
warm weather on the upper pools. 

In summary, total coliform and fecal coliform bacteria, 

like algal populations, showed a logarithmic normal fre­
quency distribution. Total coliform densities ranged from 
9,900,000/100 ml to 200/100 ml; fecal coliform densities 
ranged from 400,000/100 ml to 4/100 ml. Only 3 of 19 
stream sampling stations met the bacterial quality required 
by IPCB standards. Fecal coliforms, on the average, repre­
sented about 9 percent of the total coliform population 
which was somewhat lower than the average of 14 percent 
observed on the Ohio River. Bacterial densities decreased 
with downstream movement at overall death rates for FC of 
0.77 in the upper pools of the study area and 0.42 in the 
lower pools. 

BOD AND DO MODELING 
The acceptability of dissolved oxygen levels in the Upper 

Illinois Waterway is governed by two rules of the Illinois 
Pollution Control Board. One applies to all waters except 
those designated as 'Restricted Use Water' and is: 

203(d) Dissolved oxygen shall not be less than 6.0 mg/l 
during at least 16 hours of any 24 hour period, 
nor less than 5.0 mg/l at any time. 

The rule applicable to 'restricted use' water is: 
205(c) Dissolved oxygen shall not be less than 3.0 mg/l 

during at least 16 hours of any 24 hour period, 
nor less than 2.0 mg/l at any time. 

Within the Upper Illinois Waterway study area, one por­
tion has been designated as 'Restricted Use Water.' It is 
"The Des Plaines River from its confluence with the Chicago 
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Sanitary and Ship Canal to Interstate 55 bridge." 
This expanse of water, for all practical purposes, ex­

tends from Lockport (MP 291.0) downstream to about 
MP 278.0 and includes all of the Brandon Road pool and 
the upper 8 miles of the 14.5-mile long Dresden Island pool. 

To determine the waste load reductions needed to meet 
these dissolved oxygen objectives mathematical modeling of 
the BOD—DO characteristics of the waterway was attempted. 
The procedures and methods used are outlined in Illinois 
State Water Survey Circular 110.23 Only the most basic 
formulations from which the models were developed are 
given here; Circular 110 should be referred to for more de­
tailed information. 

BOD Model 
Generally the long term BOD or DO usage in a stream is 

modeled as a first order exponential reaction, i.e., the rate 
of biological oxidation of organic matter is directly propor­
tional to the remaining concentration of unoxidized mate­
rial. The integrated mathematical expression representing 
this reaction is: 

where 

When a delay occurs in oxygen uptake at the onset of a 
BOD test, a lag time factor, t is included and equation 9 
becomes: 

For the Upper Illinois Waterway, equation 10 was at 
times found to fit observed BOD progression curves poorly, 
because most of the BOD in the upper reaches of the upper 
waterway consists of second stage or nitrogenous oxygen de­
mand. Many of the total and nitrogenous BOD curves have 
an S—shape configuration similar to that shown in figure 10. 
The general mathematical model used to simulate the S— 
shar>e curve is: 

where x is a power factor and the other terms are the same 
as previously defined. Experimental data were analyzed to 
determine the value of x for which consistently good fits 
were achieved. The power factor was arbitrarily assigned 
values of 1.0, 1.9, 2.0, and 2.1, and the best fits 
with these factors were achieved by the method of steepest 
descent programmed on a digital computer. Table 27 shows 
the results of the analyses for station 292.1 for four sam­
pling dates. The data for the other three stations are tabu­
lated in appendix F. 

The standard errors of estimate (indicators of goodness-
of-fit) indicate that a power factor in the vicinity of 2.0 
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provides a much better fit to the total and nitrogenous data 
than does the first power formula described by equation 10. 
For the total BOD data for station 292.1 on October 21 , 
1971, the power factor was increased in various increments 
up to 3.5. The standard error of estimate was reduced to 
0.96 compared with a value of 1.14 for the 2.0 factor. This 
slight increase in accuracy did not appear to warrant the use 
of a factor greater than 2.0. Consequently, the following 
equation was used to represent S—shaped total and nitrog­
enous BOD progression curves similar to those illustrated in 
figure 10. 

The carbonaceous data in table 27 show that the first 
stage BOD is readily described by first order kinetics, and 
that equation 10 is appropriate for modeling the carbona­
ceous BOD in the Upper Illinois Waterway. Note that first 
order equation lag time is negative but to a lesser degree than 
for the power equations. The negative time lag can be in­
terpreted as an indicator that the carbonaceous BOD com­
mences immediately upon incubation, and when translated 
to stream conditions, the carbonaceous BOD is already pro­
gressing rapidly at the point in the stream where the sam­
ple was taken. 

On all four days, the nitrogenous BOD appeared to com­
mence in slightly more than three days. A three day time-
of-travel below Lockport appears to be a good estimate for 
the location at which nitrogenous BOD starts to progress 
rapidly in the waterway. The exact location will depend 
upon hydraulic conditions within the waterway. As an ex­
ample for 7-day 10-year low flow conditions, nitrification 
will start in the Dresden Island pool a short distance above 
the confluence of the Kankakee River at MP 273.0. How­
ever, for relatively high flow conditions, such as occurred 
on July 18, 1972, nitrification would not start until ap­
proximately MP 196.0, in the vicinity of Henry in the 
Peoria pool. 

Because of the instantaneous carbonaceous BOD reaction 
and the delayed nitrogenous BOD reaction, low flow DO 
usage in the Brandon Road and Dresden Island pools will 
be primarily due to dissolved carbonaceous BOD, benthic 
extraction, and sediment oxygen demand. However, oxygen 
usage below the Dresden Island dam will be primarily due 
to nitrification as demonstrated by the model. The model 
data support the observed ammonia degradation curves 
shown in figures 7 and 8. 

The bottle BODs represent only potential usage of oxygen 
during stabilization of dissolved and/or colloidal matter by 
microorganisms. Consequently, bottle BODs when used 
alone to simulate DO sag curves give DO values considerably 
above observed profiles because a significant amount of 
oxygen usage may result from benthic extraction and sedi­
ment oxygen demand. A method for incorporating all these 
factors into one function with the use of observed river DOs 
and aeration theory is outlined in Circular 110.23 Within 



Table 27. BOD Curve Fitting Summary, Station 292.1 

a given reach total DO usage, which can be interpreted as an 
all encompassing BOD, can be schematically formulated as: 

where 

An accumulative sum of the DOu values versus time-of-
travel can be fitted to equations 10 and 12, and ultimate 
river BOD loads (L'a ) and reaction rates (designated K'a,) 

can be determined. Figures 26 and 27 illustrate the results 
of fitting equations 10 and 12 to data generated by this 
technique. Generally, a pool was taken as a reach; however, 
when the plots (figures 26-27) showed a dramatic change in 
slope, the pool was broken up into two reaches at the de­
flection point. Also, as shown by figure 4, the Starved Rock 
pool DO profile often appeared as a continuation of the 
Marseilles pool profile. When this occurred, the profiles for 
the two pools were assumed to be an extension of each 
other and were modeled as one. 

Appendix G contains a listing of the results of fitting 
equations 10 and 12 to all the DOu versus time-of-travel 
data for all the pools during the 28 sampling days. The 
best fit was determined by examining the standard error of 
estimate. A close examination of these data will reveal that 
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Figure 26. Curve fitting for estimating ultimate loads, L'a and rates, K'd 

Figure 27. Curve fitting for estimating ultimate loads, L'a and rates, K'd 
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the two models fitted the data equally well most of the 
time. Some exceptions where either the first or second 
power model clearly fitted better than the other did exist. 
The best fitting model parameters were chosen for input 
into the DO sag model to determine simulation accuracy, 
and to determine the degree of instream load reduction 
needed to meet minimum water quality standards. 

DO Model 
The basic DO model is: 

where the terms are the same as defined for equation 13. 
Details of the methodology for computing aeration and 
factors influencing DOx are outlined in Circular 110.23 

Time-of-travel, depths, and other related parameter values 
were obtained with the SWS volume-displacement hydraulic-
hydro logic digital computer program. The DO model was 
programmed for use on a WANG 720C programmable cal­
culator. 

The best fitting data contained in appendix G to define 
BOD usage in the waterway were used to make DO profile 
simulations for each sampling day. DO curves were generat­
ed on a pool by pool basis, each being independent of the 
other except when the Marseilles and Starved Rock pool 
DO curves appeared to be extensions of each other. The 
initial value assigned for DOa was the value observed im­
mediately downstream of the dams. After the simulation 
curve was developed, L was reduced by 35, 50, 75, and 90 
percent to determine what instream loads would be allow­
able per pool to maintain DO standards. On a few occasions 
the water below the Lockport dam did not meet the 're­
stricted water' DO standards applicable to this reach of the 
waterway. When this occurred, even 90 percent instream 
waste load reductions were not sufficient to bring the down­
stream values up to the standards because of the low reaera-
tion capacity of the Brandon Road pool. 

Overall, the observed DO profiles were described well by 
this technique. Figure 28 shows the curves for July 14, 
1971, simulated by the use of the BOD formulations de­
scribed by the curves on figures 26-27. The generated 
curves fit the observed data very well. With few exceptions, 
similar good fits were achieved for the other sampling days. 
Figures 29 and 30 show simulated curves for two days during 
1971 and two days during 1972 plotted as a function of 
milepoint as opposed to time-of-travel shown by figure 28. 
The September 20, 1971, flows were the lowest for any 
sampling day whereas those for July 18, 1972, were the 
highest (see table 4). The September 3, 1971, flows were 
moderately high and stable throughout the study area; the 
July 11, 1972, flows were low in the upper end of the study 
area and moderately high in the lower end. The Marseilles 
and Starved Rock pool profiles appear as one during 1971 

because the flows were less than 8500 cfs at Marseilles, and 
the hydroelectric plant apparently was in operation. For 
the two 1972 dates two distinct profiles exist for these 
pools. 

Table 28 and tabulations in appendix H have been pre­
pared as a means of summarizing the DO data for 28 days 
of record. Table 28 gives the minimum calculated and ob­
served DO concentrations. Appendix H summarizes the 
minimum DO concentrations anticipated at different per­
centages of waste reduction. The data in table 28 indicate 
that the minimum calculated DOs agree closely with the ob­
served values for most pools and dates. 

Evaluating the results for each individual day showed 
that the minimum DO standards of 2 mg/l at the Brandon 
Road pool and the upper half of the Dresden Island pool 
and 5 mg/l for all other downstream pools were achieved 
infrequently. Standards were not achieved 7 of 27 days in 
the Brandon Road pool, 23 of 25 days in the Dresden Island 
pool, 16 of 25 days in the Marseilles pool, 19 of 24 days in 
the Starved Rock pool, and 22 of 24 days in the Peoria pool. 
The number of days for which specific percentages of waste 
reduction are required to achieve minimum DO standards in 
each pool are shown in figure 31. 

Although figure 31 does suggest that certain pools re­
quire higher percentages of waste reduction than others 
(for example, Brandon Road pool compared with Peoria 
pool), the fact that the major waste load is upstream of all 
pools means that waste load reduction will have to be con­
sidered principally for the uppermost critical stretches. As 
noted earlier, the DO requirements for Brandon Road and 
upper Dresden Island pools are less restrictive than those 
for the lower portion of the Dresden Island pool. Load 
reductions applied upstream of Brandon Road to meet the 
lower Dresden Island pool requirements will probably in­
sure DO levels in Brandon Road and upper Dresden Island 
pools significantly above minimum requirements. 

The dual standards now applied to the Dresden Island 
pool appear unrealistic from a physical standpoint. With 
aeration at the Brandon Road dam, the probability of 
achieving high DO levels above the I -55 bridge is much 
greater than the probability of attaining similar levels below 
the bridge. This is clearly demonstrated by the average 
1971 and 1972 DO profiles shown in figures 4 and 5. 

For each pool, no correlation appears to exist between 
the magnitude of flow and the minimum DO concentrations. 
The minimum DOs for high flow sampling days were in the 
same range as those observed for low flow conditions. This 
phenomenon is illustrated by figure 32. An explanation for 
this is that during high flows the oxygen consuming loads 
from nonpoint sources and stormwater overflows increase 
in direct proportion to the increase in flow. Figure 3 3 helps 
support this contention. Shown is a plot of the computed 
ultimate river BOD versus flow for the Marseilles pool. Ex­
cluded from this plot are four values where K'd was either 
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Figure 28. Computed DO sag curve and waste load reduction curves for July 14, 1971 

greater than 1.0 or less than 0.1, because such extreme 
values tend to distort the computed ultimate BOD. The 
figure shows a definite upward load inflection with in­
creasing flows above 8500 cfs. Generally, at streamflows in 
excess of 8500 cfs, values above the.line represent loads on 
the upside or at the peak of the hydrographs, whereas the 
points below the line represent loads on the downside of the 
peaks. Note that a first-flush effect appears to occur, i.e., 
the upside loads tend to be greater than the downside loads. 
Limited data indicate that during sustained high flows the 
DO levels recover from the depressed values. During the 
SOD measurements in the Peoria pool near Chillicothe, very 
high flows accompanied by unusually low DOs occurred. 
The high flows persisted for weeks but DOs recovered to 
reasonable values within a week as indicated by the data in 
table 29. 

The minimum DO versus flow plot for the Brandon Road 
pool (figure 32a) indicates that the minimum DOs increase 
in value up to about 7000 cfs and then sharply decrease. The 
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initial upswing in the plot may reflect relatively clean lake 
diversion water and the downside swing at higher flows 
may reflect stormwater runoff. 

Low Flow DO Simulation 

The preceding DO and BOD analyses were made for ob­
served hydrologic and water quality conditions. The basic 
stream parameters generated were used to predict stream 
conditions for the Illinois EPA 7-day 10-year design flows 
included in table 3. The 5-day BOD waste load and flows 
from various sources were obtained from the Illinois EPA, 
and the ultimate BODs were estimated by multiplying 5-
day BODs by 0.25/0.165, as summarized in table 2. The 
carbonaceous BOD inputs to the study area from the three 
major MSDGC plants were estimated residuals remaining in 
the Sanitary and Ship Canal for design flow conditions. All 
of the MSDGC ammonia load was passed into the Dresden 
Island pool with oxidation assumed to commence three days 
travel time below Lockport. 



Figure 29. Computed DO sag curves and waste load reduction curves for September 1971 dates 

The river BOD reaction rates K'd for all the navigation 
pools in the study area were developed by taking the 'best-
fit' parameters presented in appendix G and superimposing 
them upon the 7-day 10-year low flow conditions to generate 
DO profiles. From the large number of profiles developed, 
'mean' DO curves were obtained for each pool. Benthic and 
sediment oxygen demands were than added to the generated 
DOu curves. The resulting curves were used to develop mean 
DO versus time-of-travel plots from which dissolved river 
BOD reaction rates were obtained. The rate coefficient de­
veloped in this way for the Marseilles pool appeared to be 
high but reasonable for the higher flows for which the input 
data were derived; however, because nitrification was con­
sidered to start above the Marseilles pool, this high rate was 
considered inappropriate to use with a very large nitrog­
enous demand. Consequently, from MP 273.0 (three days 
travel time below Lockport) to the Marseilles dam, the low 
streamflow K'd value calculated for September 28, 1971, 
conditions was utilized. The final deoxygenation rates 

(K'd)used for each pool are as follows: Brandon Road, 
-0 .33 per day; Dresden Island to MP 273, -1 .53 per day; 
Dresden Island MP 273 to Marseilles dam, -0 .33 per day; 
Starved Rock, -0 .28 per day; Peoria pool, -0 .28 per day. 

The DO profiles were developed by evaluating the fac­
tors in equation 14. The DO curves were generated con­
tinuously and not on a pool basis. Reaeration values at the 
dams were computed by the British weir coefficient formu­
lations outlined by Butts et al.23 The input parameters 

. needed for using the weir equations were evaluated and are 
listed in table 30. The free fall of the water b is in feet and 
represents the differences in upstream and downstream flat 
pool elevations. The water quality factor q was arbitrarily 
assigned a value based on engineering judgment. The weir 
coefficients b were calculated from observed upstream and 
downstream DO concentrations, and they represent mean 
values of all the sampling days. Oxygen demands due to ben­
thic extraction and sediments were incorporated into the 
evaluation. 
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Figure 30. Computed DO sag curves and waste load reduction curves for July 1972 dates 

Figure 31. Number of days that designated waste reductions are required 
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Table 28. Minimum Observed and Calculated DO Concentrations by Pool 

The results of this evaluation are depicted by the DO pro­
files shown in figures 34 and 35. The profile for the Peoria 
pool was carried through the lake area to the Peoria dam. 
Note that the DO standards are violated in each pool. The 
principal causes in the Brandon Road and upper Dresden 
Island pools are carbonaceous BOD and benthic oxygen de­
mand. The peculiar upgrading of the minimum standard 
from 2.0 to 5.0 mg/l at the I-55 bridge in the Dresden Is­
land pool places a constraint upon the allowable carbona­
ceous load from the MSDGC West Southwest plant, the city 
of Joliet, and U. S. Steel. To achieve the minimum DO 
standard between I-55 and the onset of nitrification near 
MP 273.0, 75 percent of the existing carbonaceous BOD 
from the West Southwest plant must be removed. All other 
discharges between the Lockport dam and MP 273.0, ex­
cluding tributary streams, must remove 50 percent of their 
existing carbonaceous loads. To meet the minimum stan­
dards in the portion of the Dresden Island pool below MP 

Table 29. Flow and DO Observations 
near Chillicothe 
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Figure 32. Observed minimum DO concentrations 
at varying flows 

Table 30. British Weir Equation 
Parameter Input Data 

273.0, 98 percent of all upstream nitrogenous BOD must 
be removed. 

If a minimum DO standard of 4.0 mg/l was acceptable 
throughout the Dresden Island pool, only 50 percent car­
bonaceous reduction would be needed by the MSDGC West 
Southwest plant in combination with 95 percent reduction 
of the NH -N load. However, under these conditions, 50 
percent reduction of the NH -N load from the Illinois 
Nitrogen, Inc., facilities at MP 248.2 would have to be 
achieved to meet the minimum standard in the Peoria pool. 

The reductions of the load inputs as just discussed will 
insure that the minimum standards will be met in the Mar­
seilles and Starved Rock pools. At the upper end of the 
Peoria pool most of the nitrogenous and essentially all car­
bonaceous BOD will be stabilized. All existing waste loads 
below this point will have little impact upon the dissolved 
oxygen resources. The principal oxygen depressant in the 
Peoria pool above MP 179.0, with most of the upstream dis­
solved load stabilized, is sediment oxygen demand. The sag 
curve for the Peoria pool depicted on figure 35 is primarily 
the result of SOD. 

SUMMARY AND CONCLUSIONS 

1) The dissolved oxygen resources in the Upper Illinois 
Waterway become highly degraded during warm sum­
mer and early fall seasons. The degradation is most 
persistent during periods of stabilized low streamflows; 
however, pronounced degradation occurs for short 
durations at the onset of increased flows because of 
combined sewer discharges. The lowest DO (1.1 mg/l) 
observed in the Peoria pool occurred during overbank 
flow conditions. During persistently high flows the 
DO concentrations return to acceptable levels. 

2) The Marseilles pool had the highest average DOs, with 
mean pool values ranging from 4.60 to 6.80 mg/l for 
25 sampling days. However, even in this best of pools, 
an average DO of 6.0 mg/l was not regularly achieved. 

3) The maintenance of the required DO level of 6.0 mg/l 
for any 16-hour period will be difficult to achieve in 
the lower Dresden Island, Marseilles, Starved Rock, and 
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Peoria pools. For 7-day 10-year low flow conditions, 
the maximum practical limit appears to be 5.0 mg/l. 
The dual standards for the Dresden Island pool are not 
manageable and are in conflict with the natural DO 
profile configurations in the pool. The DO resources 
in the Brandon Road pool are severely degraded; how­
ever, the standards are low and they appear to be 
achievable under proper management. A maximum 
standard greater than 3.0 mg/l is not realistically at­
tainable. 

4) Significant reaeration occurs at the Brandon Road, 
Dresden Island, and Starved Rock dams. Reaeration 
at the Lockport and Marseilles dams is intermittent be­
cause flow is diverted for power generation. At flows 
less than 8500 cfs, the hydroelectric plant at Marseilles 
diverts the total river flow for power generation. The 
DO levels in the Starved Rock pool are then adversely 



Figure 33. Ultimate BOD versus streamflow in Marseilles pool 

affected and the sag curve becomes merely an exten­
sion of the Marseilles pool DO profile. 

5) Oxygen usage results from four factors: 1) dissolved 
carbonaceous BOD, 2) dissolved nitrogenous BOD, 3) 
benthic biological extraction, and 4) sediment oxygen 
demand. The carbonaceous demand is exerted pri­
marily in the Brandon Road and Dresden Island pools; 
the nitrogenous demand commences approximately 
three days time-of-travel below the Lockport dam. 
The exact location at which ammonia oxidation be­
comes significant depends on the hydrologic and hy­
draulic conditions of the waterway. During high flow 
conditions in 1972, it accelerated significantly in the 
vicinity of Henry (MP 196) in the Peoria pool. How­
ever, during 7-day 10-year low flow conditions signi­
ficant nitrification probably starts above the conflu­
ence of the Kankakee River around MP 273. Biologi­
cal extraction of oxygen by benthic and attached or­
ganisms in the shallow rocky areas below dams appears 
to be significant. Thick oxygen consuming sludge and 
sediment deposits exist throughout the Brandon Road, 
Dresden Island, and the lower portion of the Upper 
Peoria pools; scattered oxygen demanding sediments 

exist in the lake area of the Starved Rock pool. The 
Marseilles pool is essentially free of oxygen demanding 
sediments. 

6) Approximately 98 percent of the total municipal dis­
charges to the study area originate from the three 
principal MSDGC treatment plants. Also, approxi­
mately 93 percent of all waste flows originate from the 
MSDGC plants. Estimated municipal, industrial, and 
MSDGC flows are 33.2, 71.9, and 1466 mgd, res­
pectively. The average ammonia load observed at 
Lockport during 1971 was 107,000 lbs/day; this 
agrees closely with the 106,800 lbs/day estimated to 
come from point sources in the Chicago area. During 
1972, the observed average ammonia load increased to 
149,000 lbs/day. This increase in load may be at­
tributed to increased flows. 

7) A continuous DO profile was developed for 7-day 10-
year low flow conditions. The reaeration capacities 
of the dams were mathematically modeled in order to 
develop the continuous profile. The standards were 
violated in all pools under existing loads. To meet 
the standards, the MSDGC West Southwest treatment 
plant must remove 97.5 percent of its carbonaceous 
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Figure 34. Dissolved oxygen profiles 

BOD, and all other carbonaceous discharges between 
the Lockport dam and the Kankakee River must be 
reduced 50 percent. Also, 98 percent of all the nitrog­
enous load above MP 273 must be removed. 

8) Thermal waste loads in the vicinity of MP 284.0 ap­
pear to affect the temperature profile throughout the 
reaches of the upper waterway. At this milepoint a 
maximum temperature of 32.0°C (89.5°F) was ob­
served. The average temperatures for the Dresden Is­
land pool were the highest of all pools. 

9) In 144 collections, 23 algal genera were identified. 
Algal densities ranged from a minimum of 310/ml to 
13,600/ml and the geometric means ranged from 
1340/ml at the uppermost station to 3790/ml in the 
lower reach. On a pool by pool basis algal densities 
increased with downstream movement. Diatoms were 
the dominant algae group making up about 85 percent 
of the total densities. 

10) Efforts to correlate algal densities with water temper­
ature, DO, BOD5, coliform bacteria, and streamflow 
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were not successful. However, no selective habitat 
conducive to extraordinary propagation of algae exists 
in the waterway, nor is the use of the waterway for 
recreation impaired by algae concentrations. 

11) Total coliform densities ranged from 9,900,000/100 
ml at the uppermost station to 200/100 ml at the 
lowermost station. Fecal coliform densities similarly 
ranged from 400,000/100 ml to 4/100 ml. Bacterial 
densities decreased with downstream movement ex­
hibiting an overall death rate of 0.77 per day for fecal 
coliform in the upper pools (Dresden Island and Mar­
seilles) and 0.42 per day in the lower pools (Starved 
Rock and Peoria). 

12) Only 3 of the 19 stations sampled met the bacterial 
quality standards required by the IPCB. The 3 sta­
tions are located in the Peoria pool. 

13) Fecal coliform densities, on the average, represent 
about 9 percent of the total coliform bacteria popula­
tion which is somewhat lower than the average of 14 
percent reported on the Ohio River. 



Figure 35. Dissolved oxygen profiles 
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Appendix A. Observed Dissolved Oxygen Concentrations, Upper Illinois Waterway 

(Dissolved oxygen in milligrams per liter) 

NOTE: * Station Location 

1.0 Des Plaines River 
2.0 Du Page River 
3.0 Kankakee River 
4.0 Fox River 
5.0 Vermilion River 
6.0 Dresden Island Power Inlet 
7.0 Dresden Island Power Outlet (Continued on next page) 
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Appendix A (Concluded) 

(Dissolved oxygen in milligrams per liter) 
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Appendix B. Observed Water Temperatures, Upper Illinois Waterway 

(Temperature in degrees Centigrade) 
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Appendix B (Concluded) 

(Temperature in degrees Centigrade) 
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Appendix C. Ammonia, Nitrate, and Nitrite Data, Upper Illinois Waterway 
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Appendix C (Continued) 
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Appendix C (Concluded) 
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Appendix D. Algal Densities, Upper Illinois Waterway, 1971 

(Coun ts per milliliter) 
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Appendix E. Total and Fecal Coliform Densities, Upper Illinois Waterway, 1971 

* Collected on 8/11, very turbid 
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Appendix F. BOD Curve Fitting Summary 

52 (Continued on next page) 



Appendix F (Concluded) 
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Appendix G. DOU Modeling Parameters 

Pool Code 

1 — Brandon Road Pool 

2 — Dresden Island Pool 

3 — Marseilles Pool 

4 — Starved Rock Pool 

5 — Peoria Pool 

6 — Marseilles-Starved Rock Pools 

x/y* — Special Pool Reaches 

Note 
*Where long reaches existed such as the Peoria Pool (here 

designated as 5) or where considering the Marseilles and 
Starved Rock Pools as a single reach (here designated as 6) the 
DOu curve sometimes displayed abrupt changes in slope. 
When this occurred the pool was considered as two reaches 
and computations were made for K'd and La for the two 
distinct curves generated for each reach. These are tabulated 
here as 'special pool reaches'. The x values are the pool num­
ber and the y values are simply an arbitrary identification 
code useful for data retrieval. 

Conventional Pool Reaches 

(Continued on next page) 
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Appendix G (Continued) 
Conventional Pool Reaches 

(Continued on next page) 
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Appendix G (Continued) 

Conventional Pool Reaches 

Special Pool Reaches 

(Continued on next page) 
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Appendix G (Concluded) 

Special Pool Reaches 
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Appendix H. Average Flow in Pools and Minimum Pool DO 
at Varying Reductions in Waste Loads 

(Average flow, Q in cfs and minimum DO concentrations in mg/l) 
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Appendix H (Continued) 

(Average flow, Q, in cfs and minimum DO concentrations in mg/l) 

(Continued on next page) 
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Appendix H (Concluded) 

(Average flow, Q, in cfs and minimum DO concentrations in mg/l) 
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