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HYDROLOGY, HYDRAULICS, AND SEDIMENT TRANSPORT,
KANKAKEE AND IROQUOIS RIVERS

by Misganaw Demissie, Nani G. Bhowmik, and J. Rodger Adams

ABSTRACT

The hydrology, sediment transport, and hydraulics of flow were
investigated for the Kankakee and Iroquois Rivers in Illinois and Indiana.
The hydrologic analysis of flood and low flows showed that the Kankakee
River near Wilmington, which reflects the combined flows from the Iroquois
and the upper Kankakee Rivers, is strongly influenced by the Iroquois River
during flood flows and by the upper Kankakee River during low flows. Among
the main factors identified as reasons for such influences are the
geological differences in the watersheds, the presence of wetlands on the
Kankakee River, and differences in drainage area shape and gradient. The
wetlands and the sandy soils in the upper Kankakee River Basin provide a
large underground and surface water storage capacity which helps to reduce
the peak flows during flood periods and to increase the low flows during
dry periods.

The sediment transport characteristics of the Kankakee and Iroquois
Rivers were investigated based on three years of suspended sediment data at
four gaging stations. Sediment transport rating curves, which relate the
daily suspended sediment discharge to the average water discharge, were
developed for the four gaging stations. Relationships between annual sedi-
ment load and water discharge are also proposed for the drainage basin.
The significance of storm episodes in the transport of suspended sediment
was analyzed by developing cumulative sediment transport curves for each
year at the four gaging stations. For example, it was found that 50
percent of the annual sediment load in 1980 moved past three of the sta-
tions in only four to six days. The cumulative sediment transport curves
for the three stations also showed that a higher percentage of suspended
sediment moved in fewer days during drier years than in wetter years.

Hydraulic analysis of the Iroquois River was carried out to
investigate the impacts of channel clearing and snagging. The HEC-2 and
DWOPER computer programs were utilized to compute water surface profiles
and to route floods between Rensselaer, Indiana, and Iroquois, Illinois.
The HEC-2 program could not show any impacts on the downstream portion of
the river due to clearing and snagging in the upper portion of the river.
However, it showed a decrease in water surface elevations and an increase
in velocity in the portion of the river where the flow resistance was
reduced due to clearing and snagging. The DWOPER program, on the other
hand, showed a decrease in water surface elevations and an increase in
velocity not only for the portion of the river where clearing and snagging
was assumed but also for the downstream portion of the river.

A resistance to flow analysis on the main stem of the Kankakee River
from Dunns Bridge, Indiana, to State Line Bridge showed that the Manning's
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n values are 0.030 for discharges which are contained within the levees and
0.040 for near bankfull discharges.

INTRODUCTION

The Kankakee River Basin is an important natural resource for both
Illinois and Indiana, and both states have devoted a significant amount
of effort to the management of that resource. However, the management
objectives in the two states are for the most part in direct conflict with
each other. The objectives in Indiana are based mainly on increasing
agricultural production by effectively draining the wetlands within the
basin, while the objectives in Illinois are based on conservation of the
natural river for recreational, ecological, scenic, and cultural use.
These two opposite objectives for the same river basin are exacerbated by
the fact that the headwater areas which make up more than half of the total
drainage area of the basin are in Indiana. It is quite reasonable to
assume that any significant alteration of the hydrology and hydraulics of
the upstream portion of the river basin will have a significant impact on
the river system in Indiana and Illinois. Several recent investigations
and reports have been prepared dealing with various characteristics of this
river, such as hydraulics and sediment transport (Bhowmik et al., 1980;
Bhowmik and Bogner, 1981; U.S. Army Corps of Engineers, 1982a); geology
(Gross and Berg, 1981); and aquatic habitats (Brigham et al., 1980; U.S.
Army Corps of Engineers, 1982b). Numerous studies carried out on the basin
prior to 1980 have been reviewed and discussed extensively in the
references mentioned above.

This report is a continuation of the hydraulics and sediment transport
investigations being carried out by the Illinois State Water Survey. Three
years of suspended sediment data are analyzed and presented in this report.
A detailed flow hydraulics analysis of the Iroquois River, which is a major
tributary of the Kankakee River, is also included. The major emphasis of
the hydraulics study in the Iroquois River is on the impacts of upstream
channel alterations on the flow hydraulics of the downstream section of the
river. This is determined by using computer programs to route floods
through a section of the Iroquois River around the state line for existing
and anticipated conditions. The anticipated stream alterations on the
Iroquois River include only clearing and snagging of the stream channel
without any channel enlargement or change in slope of the stream.

Plan of the Report

The report is organized into four main sections: a background section
with a general discussion of the drainage basin and its hydrology; a
section on sediment transport in the basin; a section on the hydraulic
analyses including flood routing techniques and results for the Iroquois
River and an analysis of the resistance to flow in the Kankakee River; and
a final section that presents the summary and conclusions reached as a
result of this study.
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BACKGROUND

Drainage Basin

The drainage basin of the Kankakee River is shown in figure 1. Also
shown on the map are the gaging stations where water and/or sediment data
have been collected over the last 3 years. The total drainage area of the
Kankakee River upstream of its confluence with the Des Plaines River is
5165 square miles. The drainage area upstream of the Wilmington gage is
5150 square miles, which represents 99.7 percent of the total area. For
all practical purposes, therefore, the water discharge and sediment records
at the Wilmington gage reflect the sum total of the whole watershed.

Just upstream of the City of Kankakee, the Kankakee River splits in
two, with the main stem of the Kankakee River to the north and the Iroquois
River to the south. The drainage area upstream of this junction of the
Kankakee with the Iroquois is divided almost equally between the Iroquois
and Kankakee Rivers. The drainage areas at the gages on the two main
branches just upstream of their confluence are 2294 square miles for the
Kankakee River at Momence and 2091 square miles for the Iroquois River near
Chebanse. The division of the drainage area between the Kankakee and the
Iroquois Rivers is indicated by the drainage boundary line in figure 1.

The drainage area of the Kankakee River Basin in Indiana is approxi-
mately 3125 square miles. This includes 220 square miles on Singleton
Ditch, 1920 square miles on the main Kankakee River, and at least 660
square miles on the Iroquois River. The drainage area in Indiana is
therefore approximately 61 percent of the total drainage area of 5165
square miles for the whole Kankakee River.
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Figure  1 . Drainage basin of  the Kankakee and Iroquois Rivers

The runoff and sediment transport characteristics within the two main
branches of the Kankakee River are significantly different. In terms of
flood peaks and sediment load, the Iroquois River makes a greater
contribution on a per unit drainage area basis than the Kankakee River
upstream of their confluence. The Iroquois River's peak water and sediment
discharges are several times greater than those of the Kankakee River. On
the other hand, the Kankakee River contributes much greater discharge than
the Iroquois River during periods of low flows. The differences in flow
characteristics and the reasons for such differences will be discussed
briefly in the following section.

Hydrology of the Kankakee River Basin

A detailed hydrologic analysis of the basin is given by Bhowmik
et al. (1980). The discussion in this report is presented to point out
some of the important differences between the Kankakee River upstream of
Momence and the Iroquois River.
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To indicate the general flow characteristics of the Kankakee River
system, the flow duration curves for the main Kankakee River near
Wilmington, for the Kankakee River at Momence, and for the Iroquois River
near Chebanse are shown in figure 2. The flow duration curve for the
Kankakee River near Wilmington essentially represents that for the whole
Kankakee River Basin. As can be seen in figure 2, the flow duration curve
for the Kankakee River near Wilmington is a summation of the flow duration
curves of the Kankakee River at Momence and the Iroquois River near
Chebanse, plus a small contribution from the drainage area downstream of
these gaging stations. As indicated earlier, the drainage areas upstream
of Chebanse and Momence add up to 4385 square miles, which makes up 85
percent of the total drainage area of the Kankakee River Basin.

The important observation from the flow duration curves in figure 2 is
that the flow in the Iroquois River predominates over the flow at Wilming-
ton during high flows and the flow in the Kankakee River upstream of
Momence predominates over the flow at Wilmington during low flows. For
instance, at the 0.1 percent exceedance level, the flows at Wilmington,
Chebanse, and Momence are 30,000 cfs, 18,000 cfs and 8,000 cfs, respective-
ly. The 0.1 percent exceedance level indicates the flow that is exceeded
only 0.1 percent of the time, and therefore represents flood conditions.
The sum of the flow at Momence and Chebanse, which is 26,000 cfs, makes up
87 percent of the flow at Wilmington. The 87 percent is almost equal to
the 85 percent for the drainage area contribution. The 18,000 cfs from the
Iroquois River is more than twice the 8,000 cfs from the Kankakee River at
Momence despite the larger drainage area upstream of Momence than upstream
of Chebanse on the Iroquois River.

On the other extreme of the flow duration curve, which represents the
low flows, the role of the Iroquois River and the Kankakee River upstream
of Momence reverses as shown in figure 2. As a matter of fact, this
reversal takes place for flows that are equaled or exceeded approximately
12 percent of the time, which is the point where the two flow duration
curves intersect. For exceedance levels lower than 12 percent, the
Iroquois River contributes more flow, and for exceedance levels greater
than 12 percent, the Kankakee River contributes more flow to the combined
flow of the two at Wilmington. For the low flow that is equaled or
exceeded 99.9 percent of the time, the Kankakee River upstream of Momence
contributes 350 cfs, while the Iroquois River contributes only 15 cfs to
the 370 cfs discharge near Wilmington. The remaining 5 percent is from the
drainage area downstream of Momence and Chebanse.

The difference in flood and low flow characteristics between the
Kankakee and Iroquois Rivers is further illustrated in figures 3 and 4. In
figure 3, flood flows of 2- and 50-year recurrence intervals are plotted
against drainage area for selected gaging stations on both the Kankakee and
Iroquois Rivers. As shown in the figures, the flood flows on the Iroquois
River are consistently higher than those on the Kankakee River. Further-
more, the flow at the Wilmington station, which is identified in the
figure, is more aligned with the Iroquois River than with the Kankakee
River upstream of Momence. In figure 4, the 7-day, 10-year low flows are
plotted against drainage area for the same stations used for flood flows.
As shown in the figure, the low flows in the main stem of the Kankakee
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Figure 2. Flow duration curves for Wilmington,
Momence, and Chebanse gaging stations
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Figure 3. 2 -  and  50 -year  f l oods  a t  e l even  gag ing  s ta t ions
on the Kankakee and Iroquois Rivers
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Figure 4. 7 -day ,  10 -year  low  f lows  a t  gag ing  s ta t ions
on the Kankakee and Iroquois Rivers

River are consistently higher than those on the Iroquois River, in sharp
contrast to the flood flows. The Wilmington station in this case is more
aligned with the Kankakee River than with the Iroquois River, as was the
case during flood events.

The 2- and 50-year flood values and the 7-day, 10-year low flows used
in figures 3 and 4 are summarized in table 1. The data for gaging stations
in Indiana were obtained from Rohne (1972) and Davis (1974). The Illinois
data were obtained from Singh and Stall (1973) and Curtis (1977b).

In summary, it can be said that the flow of the Kankakee River at
Wilmington, which reflects the combined flow from the Iroquois River and
the upper Kankakee River, is strongly influenced by the Iroquois River
during flood flows and by the upper Kankakee River during low flows.

There are several reasons for the different runoff characteristics
between the Iroquois River and the Kankakee River upstream of Momence.
Among the most significant reasons are the geological differences between
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Table 1. Flow Characteristics of the Kankakee and Iroquois Rivers

S t a t i o n Drainage 7-day, 10-year 2-year 50-year
area                       lowflow       f l o o d f l o o d

(sq mi) ( c f s ) ( c f s ) ( c f s )

Kankakee R. near
N. Liberty, IN 116 53 500 840

Kankakee R. at
Davis, IN 400 177 1,790 3,590

Kankakee R. at
Dunns Bridge, IN 1,160 310 3,520 6,450

Kankakee R. at
Shelby, IN 1,578 403 4,270 7,810

Kankakee R. at
Momence, IL 2,294 411 6,230 11,200

Kankakee R. near
Wilmington, IL 5,150 451 21,100 52,900

Iroquois R. near
N. Marion, IN 144 3.0 1,020 2,040

Iroquois R. at
Rensselaer, IN 203 4.4 1,150 2,300

Iroquois R. near
Foresman, IN 449 8.7 2,530 5,300

Iroquois R. at
Iroquois, IL 686 9.1 3,520 8,160

Iroquois R. near
Chebanse, IL 2,091 16.6 11,500 27,600

the two watersheds, the presence of wetlands on the Kankakee River, and the
difference in drainage basin shape and gradient of the streams.

The upper Kankakee River Basin, with the exception of a small area on
the Yellow River in Indiana, is covered with sand and gravel whose thick-
ness varies from a few feet to some 40 feet. In contrast the Iroquois
River Basin is covered with clayey silt and fine textured soils (Gross and
Berg, 1981). Furthermore, a significant wetland area is found along the
Kankakee River while there is none or very little along the Iroquois River. 
These two factors combined provide the upper Kankakee River with a larger
underground and surface water storage capacity than the Iroquois River.
The larger storage capacity will, of course, help to reduce the peak flows
during flood periods and increase the low flows during dry periods by
releasing the water from underground and surface storage. The difference
in infiltration between the two types of soil, with higher infiltration for
the sand and gravel than for the clayey silt and fine soils, will produce
higher runoff during flood periods on the Iroquois than on the main stem of
the Kankakee upstream from its junction with the Iroquois.
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The upper Iroquois River is steeper than the Kankakee River. The
shapes of the two drainage areas are also different in planform in that the
Kankakee River is a longer stream with an elongated drainage area, while
the Iroquois River is shorter with an almost circular drainage basin. The
steeper slopes and the rounded drainage area on the Iroquois River will
result in shorter peak time for floods and in higher flood peaks on the
Iroquois than on the Kankakee.

SEDIMENT TRANSPORT IN THE KANKAKEE RIVER BASIN

This portion of the report discusses suspended sediment transport in
the Kankakee River Basin for a period of three years, beginning October 1,
1978. Sediment data have been collected at four gaging stations (Momence,
Iroquois, Chebanse, and Wilmington; see figure 1) since October 1, 1978.
The U.S. Geological Survey collected suspended sediment data at the Mo-
mence, Chebanse, and Wilmington stations from 1978 to 1981. For the Iro-
quois station they collected data from 1978 to 1980. The U. S. Geological
Survey has discontinued their sediment data collection at Momence,
Chebanse, and Iroquois. The Water Survey has been able to continue the
sediment data collection at these three stations up to the present time.

The sediment data for water years 1979 and 1980 presented previously
by Bhowmik and Bogner (1981) are included in this report for convenient
comparison and generalized analysis for the whole period of data
collection.

Daily Suspended Sediment Transport

Kankakee River at Momence

The variation in daily water and sediment discharge at the Momence
gaging station is shown in figures 5a, b, and c for water years l979, 1980,
and 1981, respectively. The water discharge is shown in thousands of cubic
feet per second (cfs), while the sediment discharge is in thousands of tons
per day.

For water year 1979 (figure 5a), the highest daily peak sediment dis-
charge of 18,181 tons occurred on March 7, 1979. The next highest sediment
discharge, which occurred on April 12, 1979, was 6,119 tons. With the
exception of small sediment peaks in April and May, the sediment discharge
remained at low levels for most of the year. It should be noted that when
there is a peak sediment discharge on a particular day, water carries high
sediment discharges for several days preceding and following that day. The
total sediment discharge for the 1979 water year at the Momence gaging
station was 157,673 tons. The corresponding water discharge was
68.48 x 109 cu ft.

The 1980 water year (figure 5b) was generally uneventful, with steady
low discharges most of the year. Small peaks of sediment discharges
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occurred during the spring months of March and April. The highest daily
sediment discharge of the year was 6017 tons on June 1, 1980. The total
sediment and water discharges for the water year were 121,300 tons and
59.47 x 109 cu ft, respectively.

The 1981 water year (figure 5c) shows more variability in both
sediment and water discharge than the previous two years. The water
discharge is generally high and includes several flood events. Similarly
the sediment discharge includes several peaks which are much higher than
those in water years 1979 and 1980. The four highest peak daily sediment
discharges of 30,615, 29,852, 27,046 and 16,471 tons occurred on May 30,
June 9, June 14 and April 14, respectively. There were also several
smaller peaks during the spring and in the month of July.

The occurrences of the four highest daily sediment discharges,
however, do not correspond with those of the water discharge peaks. The
two highest sediment peak discharges do not occur during the two highest
water discharges, and during one of the highest water discharges, around
May 15, the sediment peak is relatively low.

The total sediment and water discharges of the 1981 water year were
323,720 tons and 91.12 x 109 cu ft, respectively. These values are the
highest annual sediment and water discharges at the Momence gaging station
during the three years of data collection.

The relationship between the daily sediment discharge and the daily
mean water discharge for the Momence gage is shown in figure 6. As shown
in the figure, there is a general trend of increasing sediment discharge
with increasing water discharges, even though the data points scatter over
a wide band. A linear regression equation of the form:

log Qs = I + S log Qw (1)

was fitted through the data points by means of the least squared difference
method, as shown in figure 6. Qs is the sediment discharge in tons; Qw
is the mean daily discharge in cfs; and I and S are the intercept and slope
of the linear equation. The linear regression equation for the Momence
gage based on 1096 points obtained from the three years of data is given in
figure 6. The 95 percent band width shown in the figure indicates the
region along the regression line containing 95 percent of all the data
points. The variation of the regression equation from year to year will be
discussed later in the general analysis section.

I r o q u o i s  R i v e r  a t  I r o q u o i s

The daily sediment and water discharges for the Iroquois River at the
Iroquois gaging station are shown in figures 7a, b, and c for water years
1979, 1980, and 1981, respectively. The 1979 water year (figure 7a) shows
several peak sediment discharges. The highest peak was 6977 tons/day in
early spring (March 6, 1979). This took place one day after the highest
water discharge of 6770 cfs in the 1979 water year. The other peak
sediment discharges recorded were 3697 tons on April 12, 2840 tons on July
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Figure 6. Relat ionship between suspended sediment  load Qs
and water discharge Q

w
for the Kankakee River at Momence

4 and 4063 tons on July 9. There were also several smaller peaks both in
the spring and the summer months. The total sediment discharge at the
Iroquois gaging station for the 1979 water year was 93,131 tons. The water
discharge was 18.48 x 109 cu ft.

The sediment discharge for most of the 1980 water year (figure 7b) was
generally very low except on June 2 and 3 when the sediment discharge
peaked significantly. The daily sediment discharges on those days were
12,374 and 12,421 tons. Except for a couple of small peaks in March, there
were no other significant peak sediment discharges. The total sediment
discharge for the 1980 water year was 69,298 tons corresponding to a total
water discharge of 16.47 x 109 cu ft.
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The 1981 water year (figure 7c) does not include any major peak sedi-
ment discharges other than several small peaks throughout the spring and
summer months. The highest daily sediment discharge was 2798 tons on July
20. Even the highest peak water discharge of the year in May does not show
much sediment discharge. The total sediment discharge for the 1981 water
year was 76,729 tons. The total water discharge was 18.47 x 109 cu ft.

The relationship between the daily sediment discharge and the daily
mean water discharge is shown in figure 8. The regression equation between
the sediment and water discharges for the three-year period is given in
this figure.

Figure 8. Relat ionship between suspended sediment  load Qs
and water discharge Q

w
f o r  t h e  I r o q u o i s  R i v e r  a t  I r o q u o i s
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Iroquois  River near Chebanse

The daily sediment and water discharges for this station are shown in
figures 9a, b, and c for water years 1979, 1980, and 1981, respectively.
The 1979 water year (figure 9a) contained two major peak sediment dischar-
ges and several smaller peaks during both the spring and summer months.
The highest daily sediment peak for the year was 50,274 tons on April 14.
The second highest peak was 32,222 tons on March 7. It is interesting to
note that the highest daily sediment discharge did not occur during the
highest peak water discharge in early spring but rather during the second
highest water discharge on April 14. The total sediment dischare for the
water year was 559,499 tons. The water discharge was 67.61 x 109 cu ft.

The 1980 water year (figure 9b) contained only one major peak sediment
discharge of 57,024 tons on June 5. For the rest of the year, the sediment
discharge was extremely low. The total sediment and water discharges for
the water year were 364,482 tons and 47.39 x 109 cu ft, respectively.

The 1981 water year (figure 9c) had several small peaks during the
spring and summer months but not any extreme peak of sediment discharge.
The highest daily sediment discharge for the year was 11,576 tons on
April 14. The smaller peaks generally ranged from 7,000 to 11,000 tons per
day. The total sediment and water discharges for the water year were
423,813 tons and 62.05 x 109 cu ft, respectively.

The relationship between daily sediment and water discharges based on
the three years of data is shown in figure 10. The regression equation is
given in the figure.

Kankakee  R iver  near  Wi lming ton

The daily sediment and water discharges of the Kankakee River near
Wilmington are shown in figures 11a, b, and c for water years 1979, 1980,
and 1981. In the 1979 water year (figure 11a), there were two major peak
daily sediment discharges and several smaller peaks. The two major peaks
were 60,653 tons on March 8, and 93,971 tons on April 12. About five
smaller peaks in the spring and summer ranged from 14,000 to 19,000 tons
per day. The total sediment and water discharges for the year were 932,637
tons and 160 x 109 cu ft, respectively. It is interesting to note that
almost 17 percent of the total yearly sediment discharge passed the
Wilmington gage during the two daily major peak sediment discharges on
March 8 and April 12.

The 1980 water year (figure 11b) does not contain a lot of peak sedi-
ment discharges but does have one extremely high peak on June 2. The daily
sediment discharge on that day was 108,980 tons. Other than the period
around June 2, the sediment discharge was extremely low for most of the
year. The total sediment and water discharges for the year were 678,075
tons and 125.10 x 109 cu ft. About 16 percent of the yearly suspended
sediment load passed this station on a single day on June 2, 1980.
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Figure 10. Relat ionship between suspended sediment  load Q s
and water discharge Q w  for  the  I roquo i s  R iver  near  Chebanse

The 1981 water year (figure 11c) contained several peak sediment
discharges during most of the spring and summer months. The four major
peaks were 80,692 tons on April 15; 23,700 tons on May 16; 26,900 tons on
May 30; and 52,650 tons on June 15. There were a couple of smaller peaks
in the range of 16,000 to 17,000 tons per day during June and July. The
total sediment and water discharges for the year were 1,093,792 tons and
187.90 x 109cu ft, respectively. About 17 percent of the total yearly
suspended sediment load passed this station on April 15, May 16, May 30 and
June 15.

The relationship between the daily sediment and water discharges is
shown in figure 12. The regression equation between the sediment and water
discharges is shown in the figure along with all the daily data for the
three-year period.
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Figure 12.  Relationship between suspended sediment load Q s
and water discharge Qw  for the Kankakee River near Wilmington

Generalized Analyses

In this section, the data presented in the preceding section for each
of the four sediment monitoring stations will be summarized and discussed
on a regional basis. It is hoped that this summary and analysis will
provide a clear picture of the total sediment transport in the basin and
the relationships between the sediment and water discharge at the four
stations.

Sediment Transport  Rating Curves

The relationships between the daily sediment discharge and the daily
mean water discharge for the Momence, Iroquois, Chebanse, and Wilmington
stations were shown in figures 6, 8, 10, and 12, respectively. The
regression equations between the sediment discharge, Qs, and the water
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discharge, Qw , based on the three years of data were also given in the
respective figures. The regression equations serve as sediment transport
rating curves, since they are used to calculate the sediment load for a
given discharge. Table 2 summarizes the coefficients for the regression
equations and two statistical parameters, R and SE, at the four gaging
stations for the three individual water years, for the two consecutive
two-year periods,and for the combined data of three years. Here I is the
intercept and S is the slope for the linear equation (equation l), R is the
correlation coefficient between Qs and Qw, and SE is the standard error
of estimate of the regression equation. The standard error of estimate
represents the spread of the data points from the regression line along the
vertical axis. The 95 percent band width shown in figures 6, 8, 10, and 12
represents a distance of 1.96 SE on both sides of the regression line. A
small standard error indicates that the data points lie very close to the
regression line and thus the 95 percent band width will be narrow.

In general, the relationship between the sediment and water discharges
for the four stations is fairly good, as indicated by the relatively high
correlation coefficients shown in table 2. For the combined data from
October 1, 1978 to September 30, 1981, the correlation coefficients were
0.85, 0.86, 0.91, and 0.91 for Momence, Iroquois, Chebanse, and Wilmington.
The correlations and the coefficients for the regression equations varied
somewhat from year to year. At the Chebanse and Wilmington stations the
intercept, I, and the slope, S, for the regression equation changed consis-
tently. The intercept was the highest for the 1980 water year, which was
the driest period, and it was the lowest for the 1981 water year, which was
the wettest period. The intercept for the 1979 water year was between the
1980 and 1981 values. The slope was highest in 1981 and lowest in 1980.
This type of variation could be explained by the existence of some non-
linearity for the whole range of flows. For low flows, the slope is
smaller and the intercept higher, while for higher flows the reverse is
true.

As more and more data, both for high and low flows, are added to the
analysis, the coefficients for the regression equation will approach stable
values where the addition of further data will not change the intercept or

Table 2. Coefficients for Regression Equations and Statistical Parameters
at the Four Gaging Stations

Momence Iroquois Chebanse Wilmington
Water
y e a r I S R SE I S R SE I S R S E I S R SE

1979 -2.29 1.39 0.88 0.26 -1.64 1.37 0.89 0.45 -2.12 1.49 0.95 0.34 -3.25 1.67 0.90 0.36

1980 -2.25 1.42 0.81 0.25 - 1 . 1 2 1.11 0.80 0.44 - 1 . 6 4 1.28 0.89 0.37 - 3 . 0 0 1.61 0.91 0.26

1981 -3.97 1.89 0.86 0.30 -0.66 1.05 0.90 0.23 -2.96 1.73 0.95 0.32 -4.56 2.02 0.92 0.31

1979-80 -2.29 1.41 0.85 0.26 -1.43 1.26 0.85 0.45 - 1 . 9 3 1.40 0.93 0.36 -3.15 1.65 0.91 0.32

1980-81 -2.83 1.57 0.82 0.29 -1.01 1.13 0.82 0.39 -2.22 1.49 0.92 0.37 -3.61 1.77 0.91 0.30

1979-81 - 2 . 6 2 1.50 0.85 0.28 - 1 . 3 2 1.24 0.86 0.41 - 2 . 1 7 1.48 0.91 0.36 -3.45 1.73 0.91 0.32

Note: I  =  i n t e r c e p t  a n d  S  =  s l o p e  f o r  t h e   l i n e a r  e q u a t i o n  ( e q u a t i o n  1 ) ;  R  =  c o r r e l a t i o n  c o e f f i c i e n t
between Q s a n d  Q w; and SE = standard error of estimate of the regression equation
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data will be less than the ones shown in table 2 between the two and three
years of data. Once the stable values are determined, the use of the
regression equation to estimate sediment load will be reliable. However,.
it should be pointed out that the possible deviation of the estimate from
the true value as indicated by the standard error of estimate also needs to
be considered.

the slope appreciably. The trend can be observed in table 2 by comparing
the coefficients for water years 1979-1980 and 1980-1981 to those for the
three-year period 1979-1981. As shown in the table, the deviations of the
coefficients for the two years of data from that of the three years of data
were not as much as the yearly variations. When the fourth year data are
added to the present data, it is expected that the deviation of the
coefficients for the three years of data from those for the four years of

Annual Sediment Load

The total annual water discharge and sediment yield at the four
stations for the three water years are given in table 3. The average
yearly sediment yield based on the three years of data is also given in the
table. Annual sediment yields are computed from the daily suspended
sediment data. For the Momence and Wilmington stations, the suspended
sediment loads are close approximations of the total sediment load at those
locations (Bhowmik et al., 1980). This is because the river bed at these
locations is rocky, and highly turbulent flows keep the sediment load in
suspension at both of these stations. At the Iroquois and Chebanse
stations, the suspended load should also be close to the total sediment
load, since the sediment transported in the Iroquois River is mostly silt
and clay (Bhowmik et al., 1980).

The first observation from table 3 is that the sediment yield during
the 1980 water year was smaller than during the other two water years at
the four stations. This corresponds to the low water discharge during that
year. The highest sediment discharge at the Momence and Wilmington
stations took place in 1981, while at the Iroquois and Chebanse stations
the highest sediment discharge was recorded in 1979. Except for the
Iroquois station, the highest sediment discharge corresponded to the

Table 3. Total Annual Water Discharge and Sediment Yield
in the Kankakee River Basin

Water year 1979 Water year 1980 Water year 1981

S t a t i o n

Qw Qs
(10

9 
c u  f t ) ( t o n s )

Qw Qs
(10

9
c u  f t ) ( t o n s ) (109

Qw
c u  f t )

Q
s

( t o n s )

Average yearly
s e d i m e n t  y i e l d ,

Qs ( t o n s )

Momence 68.48 157,673 59.47 121,300 91.12 323,720 200,898

I r o q u o i s 18.48 93,131 16.47 69,298 18.97 76,729 79,719

Chebanse 67.61 559,499 47.39 364,482 62.05 423,813 449,265

Wilmington 160 .OO 932,637 125.10 678,075 187.90 1 , 0 9 3 , 7 9 2 901,501

Note: Qw = water discharge; Qs = sediment load
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highest water discharge. At the Iroquois station the water discharge in
1981 was slightly higher than that of 1979, but the reverse is true for the
sediment discharge.

For the three years of data, there exist very good relationships
between the annual sediment yield and water discharge, as shown in figure
13. The three lines shown in the figure are for the Momence station, the
Wilmington station, and the Iroquois River at both the Iroquois and
Chebanse stations. The data for the Iroquois and Chebanse stations fall on
the same line, indicating that the relationship between the sediment load
and the water discharge is consistent throughout the Iroquois River. On
the other hand, the relationship between the sediment load and water dis-
charge at the Momence station is different from that for the Iroquois
River. For the same water discharge, the Iroquois River carries much more
sediment than the Kankakee River upstream of Momence. This difference
results from the geology of the drainage basin. The drainage basin of the
Kankakee River upstream of the Momence station is covered for the most part
with sand and gravel while the Iroquois River Basin is covered mostly by
fine soils with a lot of silt and clay (Gross and Berg, 1981). This is
also reflected in the type of suspended sediment carried by both streams.
In the Iroquois River, both at the Iroquois and Chebanse stations, more
than 90 percent of the suspended sediment is made up of silt and clay. The
Kankakee River at Momence carries predominantly sandy sediment during high
discharges when most of the sediment passes the station (Bhowmik et al.,
1980).

The relationship between the annual sediment load and water discharge
at the Wilmington gage lies between those of the Iroquois River and the
Momence gage. This should be expected, since the drainage areas above
Momence and Chebanse make up 44.5 percent and 40.6 percent of the drainage
area at the Wilmington station, respectively, for a combined total of 85.1
percent. The data at the Wilmington station should therefore largely
reflect the combined sediment transport characteristics at the Momence and
Chebanse stations. The slopes of the lines for the Momence station and the
Iroquois River are very close to each other as indicated by the almost
parallel lines shown in figure 13. The slope of the line for the Wilming-
ton station is somewhat smaller than that for the Iroquois River and the
Momence station. This implies that the rate of increase in sediment load
due to an increase in the volume of water passing a station is less at the
Wilmington station than at the Momence station or on the Iroquois River.

With several years of additional sediment and discharge records at the
four stations, it will be possible to define the equations of the three
lines shown in figure 13 with greater accuracy. Once that is accomplished,
it will be extremely easy to determine the total sediment load at each of
the stations based on the water discharge records. This will significantly
reduce the expenditure of funds for collecting and analyzing sediment
samples within the Kankakee River Basin. Moreover, if this process is
successfully tested and verified within the Kankakee River Basin, its
application to other areas of the state will be extremely valuable.

On the basis of the annual sediment yield shown in table 3, the
sediment yield per square mile of drainage area was calculated at the four
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Figure 13. Relationships between annual sediment and water discharges
for  the  Kankakee  and  I roquo i s  R ivers
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stations for the three years of data. The annual sediment yield per square
mile and the average for the three years are shown in table 4. As a whole,
the sediment yield ranges from a low of 52.9 tons per square mile at the
Momence station in 1980 to a high of 267.6 tons per square mile at the
Chebanse station in 1979. In general, the sediment yield per unit drainage
area is the highest at the Chebanse station and the lowest at the Momence
station except in 1981, when there was unusually high sediment yield at the
Momence station. The sediment yields per square mile at the Wilmington and
Iroquois stations generally fall between those of Momence and Chebanse. In
1981, however, the sediment yield per square mile at the Momence station
was higher than that of the Iroquois station. On the average, the sediment
yield per square mile at the Chebanse station is more than twice that of
the Momence station, as shown in table 4.

The annual sediment yield at each station varied from year to year
depending on the annual runoff, as was shown in table 3 and figure 13. The
sediment yield per unit drainage area also varies from year to year
corresponding to the annual runoff. In general the sediment yield per unit
drainage area is higher during wet years than dry years. The annual runoff
is therefore an important factor in determining the sediment yield per unit
drainage area.

Cumulative Movement of Sediment Load

As shown in the daily sediment discharge plots for the four stations
in figures 5, 7, 9, and 11, it was obvious that the bulk of the suspended
sediment moved during storm events. Since the number of storm events in a
year is small and since the durations of the storm events are generally
short, the bulk of the suspended sediment moves past a station during a
relatively small number of days during the year. This is illustrated in
figures 14, 15, 16, and 17 for the Momence, Iroquois, Chebanse, and
Wilmington stations, respectively. In each figure, the percentage of the
annual suspended sediment moving past the gaging station in a given number
of days is shown. The three curves in the figures represent the three 
water years as indicated.

For instance, at the Momence gaging station (figure 14), 50 percent  of
the annual suspended sediment moved past the station in just 12, 53, and 11
days during the 1979, 1980, and 1981 water years, respectively. Similarly,
80 percent of the annual suspended sediment moved past the station in 73,

Table 4. Sediment Yield in the Kankakee River Basin

(Tons per square mile)

S t a t i o n 1979

Momence 68.7
I roquo i s 135.8
Chebanse 267.6
Wilmington 181.1

Water year

1980 1981 Average

52.9 141.1 87 .6
101.0 111.8 116.2
174.3 202.7 214.9
131.7 212.4 175.0

33



Figure 14.  Percent of total suspended sediment transported
in a given number of  days,  Kankakee River at  Momence

Figure 15. Percent of total suspended sediment transported
in  a  g i ven  number  o f  days ,  I roquo i s  R iver  a t  I roquo i s

34



Figure 16.  Percent of total suspended sediment transported
in a given number of  days,  Iroquois  River near Chebanse

Figure 17. Percent of total suspended sediment transported
in a given number of  days,  Kankakee River near Wilmington
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153, and 68 days. The number of days during which 50 and 80 percent of the
annual sediment passed the four gaging stations during the 1979, 1980, and
1981 water years is shown in table 5. The number of days at which
different percentages of sediment load move can be determined from figures 
14, 15, 16, and 17.

As shown in table 5, 50 percent (half) of the total suspended sediment
moved past the four stations in fewer than 53 days of the year. At the
Iroquois, Chebanse, and Wilmington stations, 50 percent of the total
sediment load in 1980 moved past the stations in only 6, 4, and 5 days,
respectively. For 80 percent of the total sediment load, the corresponding
number of days in 1980 at the three stations were 51, 21, and 36 days. It
is, therefore, very obvious that most of the suspended sediment is
transported during the storm events which take place in a relatively short
period of time during the year.

Another important observation from figures 14, 15, 16, and 17 is the
variation of the cumulative sediment transport curve from year to year.
Except for the Momence station, the curve for water year 1980 has a steeper
slope in the initial zone of the cumulative curve than the 1979 water year
curve, which in turn has. a steeper slope than the 1981 water year curve.
The 1980 water year was the driest year among the three years considered,
and during this year the highest percentage of the suspended sediment was
transported in the shortest period of time at the Iroquois, Chebanse, and
Wilmington stations. The 1981 water year was slightly wetter than the 1979
water year, and during this water year, it took more time for the same
percentage of suspended sediment to pass the stations at Iroquois,
Chebanse, and Wilmington than in 1980 or 1979. Thus, there seems to be a 
trend of a higher percentage of suspended sediment moving in a shorter
number of days during drier years than in wetter years. This is generally
true at three of the four stations under consideration. The trend at the
Momence station is, however, in the reverse order. The difference in the
trend between the Momence station and the other three stations might be due
to the differences in sediment type and flow characteristics. As discussed
in the previous sections, there is a significant difference in the
characteristics of sediment carried by the Kankakee and Iroquois Rivers.
There is also a significant difference in flow characteristics between the
two streams because of the availability of surface and underground storage
along the Kankakee River.

Table 5. Number of Days During Which 50 and 80 Percent
of the Annual Sediment Passed a Station

S t a t i o n
50  percen t 80 percen t

1979 1980 1981 1979 1980 1981

Momence 12 53 11 73 153 68
I r o q u o i s 15 6 41 64 51 109
Chebanse 12 4 24 44 21 67
Wilmington 12 5 21 40 36 65
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HYDRAULIC ANALYSES

The hydraulic analyses for this report were designed to investigate
the impacts of upstream channel modifications on the hydraulics of flow in
the downstream portion of the river. The stream alterations considered in
these analyses involve clearing and snagging. The effect of clearing and
snagging is generally to reduce the resistance to flow in the channel. It
might also result in an increase of the channel cross-sectional area.
However, such increase in area is very difficult to quantify without an
extensive survey of the stream channel and a complete knowledge of the
clearing and snagging plan.

The reduction in the resistance to flow due to clearing and snagging
is simulated by reducing the Manning's roughness coefficients that existed
before the clearing and snagging. The general procedure is to route a
known discharge along the river, adjusting the roughness coefficients until
the computed water surface elevations match the observed elevations. The
roughness coefficients which give the best match are taken as the existing
values before channel alteration. The roughness coefficients are then
reduced to reflect any channel modification such as clearing and snagging.

In the following sections of this report, the resistance to flow in
open channels is developed for use on the Kankakee and Iroquois Rivers. A
reach on the Kankakee River in Indiana is analyzed using the steady flow
equations. A reach of the Iroquois River in Indiana is analyzed using
HEC-2, a gradually-varied flow program, and an unsteady, dynamic floodwave
routing method.

Resistance to Flow in Open Channels

Flow in natural open channels is usually unsteady, or varying with
time, and non-uniform, or varying from place to place along the channel.
Most hydraulic analyses are based on the assumption that the flow is
steady, uniform and gradually varied. The hydraulics of steady, uniform
and gradually varied flow in open channels is expressed by an energy
equation and a mass conservation, or continuity, equation. Hydraulic
analysis uses these equations and information about the channel geometry
and condition to determine the depth and velocity of the water flowing in
the channel.

The theory of open channel flow was clearly presented in Chow's book
on the subject (1959). Yen (1973) precisely discussed the derivation of
the equations for open channel flow. The first report of Water Survey
research on the Kankakee River (Bhowmik et al., 1980) included a concise
review of flow resistance in open channels with emphasis on the bed shear
forces. This was integrated with a discussion of sediment movement and
transport in alluvial channels. This theoretical section focuses the
theory as necessary for application in the three hydraulic analyses
described in the following sections.

The basic equation used in hydraulic analysis is the one-dimensional
energy balance equation. The one-dimensional energy equation for an open
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Figure  18 .  Channe l  reach  d iagram,  i l l u s t ra t ing  the  t e rms
in  the  one -d imens iona l  energy  equa t ion

channel flow (see figure 18 for an illustration of the terms) is given as
follows (Chow, 1959):

where

z = the elevation of the channel bottom above the datum
y = the depth of water

= the energy correction coefficient for non-uniform
velocity distribution across a cross section

V = Q/A, the average velocity, where Q = total discharge and
A = cross-sectional area

g = gravitational acceleration

hL = energy loss between cross sections 1 and 2

The subscripts 1 and 2 refer to cross sections 1 and 2, respectively.
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The energy loss, hL, is calculated by:

(3)

Sf, as shown in figure 18, is the average friction slope for the reach
and ∆x is the distance between the two cross sections.

The friction slope, Sf, at a cross section is computed from
Manning's equation for uniform flow as follows:

(4)

where

C = 1.486 for English units and 1.0 for metric units
R = hydraulic radius
n = Manning's roughness coefficient
Q and A are as defined before

The roughness coefficient, n, includes effects of cross-sectional size
and shape, bed form and roughness, and river planform or horizontal
alignment. Ideally, discharge, area, wetted perimeter, and energy slope
are measured directly and n is computed from the data. Practically, the
data are rarely sufficient to compute n, so hydraulic computations and
engineering judgment are generally used to determine n values. Guides
based on experience and measurement have been compiled to assist in the
selection of Manning's n. Typically these guides include photographs and
verbal descriptions of channels with n values of certain magnitude. A
classic text (Chow, 1959) contains such a guide. More recently the U.S.
Geological Survey has published a manual, "Roughness Characteristics of
Natural Channels" (Barnes, 1967), which includes similar information for
streams in all parts of the United States.

These fundamental relationships are applied in three different ways in
the following analyses of resistance to flow in the Kankakee and Iroquois
Rivers. The analysis of the Kankakee River from the gaging station at
Dunns Bridge, Indiana, to the Illinois-Indiana state line was directed
toward determining the n value for historical flows and floods of specified
frequency. Two methods were applied to the Iroquois River to determine
the effect of clearing and snagging. The HEC-2 computer method of
gradually varied flow analysis and a dynamic flood wave routing program
were used.

Kankakee River

Bhowmik and Bogner (1981) determined n values between the state line
and the gaging station at Momence for 52 measured discharges on the
Kankakee River. With this analysis as background, the n values presented
here for several locations along the reach of the main stem of the Kankakee
River between Dunns Bridge, Indiana, and Momence, Illinois, were computed
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to establish the flow resistance characteristics for existing conditions.
In a study of the effects of clearing and snagging, the U.S. Army Corps of
Engineers (1982b) used n values of 0.033 to 0.036 for existing conditions
and 0.030 for the cleared condition. After the available data and methodo-
logy are described, the computer n values are presented and discussed. The
n that would result in bankfull flow for the 100-year flood is also given
for each cross section.

Avai lab le  Data

This study used published data at USGS gaging stations at Momence
(mile 47.35), Shelby (mile 67.9), and Dunns Bridge (mile 90.9); cross-
sectional data from the Indiana Department of Natural Resources; and some
Water Survey data from the State Line Bridge (mile 57.7). Figure 1 shows
the location and alignment of this 32-mile reach of the Kankakee River.
Since actual floods are caused by storms passing over the drainage basin
and the flood discharge changes as it moves downstream, synthesized data
are used in the computations. This is necessary because the Manning
equation is valid for steady flow. The stage-discharge relations at the
three gaging stations were used to determine the depth of flow and slope
for the selected discharges.

Thirteen cross sections were selected between State Line Bridge and
Dunns Bridge. A typical cross section and a graph of AR2/3, the
channel geometry term in Manning's equation, are shown in figure 19. The
dashed lines in figure 19 illustrate the use of the AR2/3 graph. The
factor AR2/3 is called the section factor and is a function of water

F i g u r e  1 9 .  A  t y p i c a l  c r o s s  s e c t i o n  a n d  s e c t i o n  f a c t o r  c u r v e ,
mile 77.78 on the Kankakee River
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depth for a particular channel cross-sectional shape. A water surface
elevation of 642.6 in the Kankakee River channel is indicated in figure 19.
The corresponding flow depth is 5.5 ft. A dashed line extends horizontally
from the water surface in the channel to the curve defining the section
factor as a function of depth. A vertical dashed line extends from the
intersection of the horizontal dashed line and the curve to intersect the
section factor axis at 1300.

The river flows between levees which contain discharges as high as the
mean annual flood at all sections, and discharges at least equal to the
100-year flood from Shelby to about mile 88. A low flow, a flood, and the
average discharge were taken from the historical record at each gaging
station for use in the following computations. A series of flood flows
were also selected for recurrence intervals from 2 to 100 years. The flood
flows are from Curtis (1977a) for Momence and from Davis (1974) for Shelby
and Dunns Bridge. The discharges used to compute n for various conditions
are given in table 6.

Computation of  n Values

The discharges in table 6 and the station rating curves were used to
determine water level stages at each gage. The water surface elevation and
discharge for the intermediate cross sections were computed using linear
interpolation between gaging stations. The slope, Sf, in Manning's equa-
tions was also obtained from the water stages at the gages and used for the
reach between two gaging stations. The value of AR 2/3 was obtained
from a graph similar to that shown in figure 19 for each water surface
elevation at each section. The gaging station at Momence is located down-
stream of the control section on the rock ledge which forms the river bed.
Thus, there is a local drop in water surface elevation which is not repre-
sentative of the bed slope between Momence and the state line or Shelby.
The reach from the state line to Shelby also has lower levees and the
2-year flood is nearly bankfull. Some Water Survey data from water year
1979 at the State Line Bridge were used to determine the slope used to

Table 6. Water Discharge in cfs for Selected Flow Conditions

Flow Condition

Gag ing  s ta t ion

Momence, IL S h e l b y ,  I N Dunns Bridge,  IN
( m i l e  4 7 . 5 3 ) ( m i l e  6 7 . 9 ) ( m i l e  9 0 . 9 )

Low flow,
September 1955

Average discharge
2-year flood
Flood of

March 1979
10-year flood
20-year flood
50-year flood
100-year flood

650 475
1,585 1,285
4,270 3,520

16,000 5,390 4,530
9,180 6,220 5,200
10,200 6,950 5,750
11,200 7,810 6,450
11,900

720
1,928
6,230

8,500 7,210
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compute n values at three cross sections between the state line and Shelby.
No computations were made for discharges above the top of the river levees
between the state line and Shelby or between Shelby and Dunns Bridge.

Solving Manning's equation (equation 4) for n results in:

(5)

The stages at the upstream and downstream gaging stations are determined
from the rating tables for a given Q and are used to determine the slope
and the stage at each cross section. The rating tables contain average
values derived from a number of actual measurements of depth, area, and
velocity at each gage location. Differences in flow resistance cause
different stages for the same discharge. Two important factors are the
channel bed form which may be smooth, rippled, or duned and the seasonal
variation in vegetation on the channel banks. Thus, the computations
discussed here are for average conditions.

What effect do discrepancies in the energy slope or depth have on the
computed n values? The square root of the slope appears in equation 5.
For example, a 2-foot error in the water surface elevation difference
between Dunns Bridge and Shelby results in an error in energy slope of
8.5 percent, but an error of 4.1 percent in n for the 100-year flood. For
the low flow period in September 1955, this 2-foot error in water surface
elevations results in errors of 9.4 percent in slope and 4.6 percent in n.
At each section the depth is the variable determining the value of
AR2/3, and AR2/3 changes rapidly with depth. For a trapezoidal
cross section, the section factor varies approximately as the 2.67 power of
the depth. With reference to figure 19, a change of 10 percent in depth
results in changes of about 20 percent in the section factor. Thus, the
computation of n is more sensitive to errors in determining the depth of
flow and section factor at a particular cross section than to errors in
determining the energy slope in the reach.

R e s u l t s

The n values for the eight selected discharges are given in table 7
for three sections between the State Line Bridge and Shelby and for nine
sections between Shelby and Dunns Bridge. Between Shelby and the state
line, Manning's n is about 0.020 for inbank flows. Because of the
uncertain effects of out-of-channel flow and floodplain storage, n was not
computed for floods greater than the 2-year flood. For the nine sections
between Dunns Bridge and Shelby, n values ranged from 0.017 to 0.041 for
flow within the levees. At mile 89.84, flows greater than the 2-year flood
are not contained in the river channel, but n values could be computed for
the simple overbank flow condition. Excluding these values, the average n
is 0.028 for the Kankakee River between Dunns Bridge and Shelby.

Between Shelby and the cross section at mile 87.32, n values were
calculated assuming bankfull flow for the 50- and 100-year floods. These n
values are given in table 8. From mile 79.55 to 87.32 an n of 0.049 or
greater would result in bankfull flow for the 100-year flood. The n values
computed for the average discharge and 2-year flood below Shelby are about
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Table 7. Manning's n Values for the Kankakee River between Dunns Bridge
and the State Line Bridge

n  fo r  g i ven  d i scharge

Sept 2- March 1 0 - 2 0 - 5 0 - 1 0 0 -
S e c t i o n  a n d  r i v e r  m i l e 1955 A v g y e a r 1979 year y e a r  y e a r  y e a r

State Line Bridge, 57.7
59.94 0.014 0.016
61.78 0.017 0.020
64.56 0.022 0.022

Shelby, 67.9
71.30 0.023 0.026 0.030 0.029 0.029 0.028 0.027 0.027
75.08 0.018 0.023 0.024 0.023 0.023 0.023 0.023 0.023
77.78 0.017 0.019 0.027 0.026 0.026 0.026 0.026 0.026
79.55 0.032 0.032 0.032 0.030 0.031 0.030 0.029 0.028
81.22 0.036 0.031 0.033 0.030 0.030 0.029 0.028 0.028
83.47 0.041 0.032 0.037 0.034 0.034 0.033 0.032 0.032
84.95 0.021 0.025 0.030 0.028 0.029 0.028 0.027 0.027
87.32 0.021 0.024 0.026 0.024 0.024 0.023 0.023 0.022
89.84 0.029 0.031 0.034 0.042* 0.058 0.078 0.073 0.070

Dunns Bridge, 90.9

*At mile 89.84, the March 1979, floods and the 10- through 100-year floods
overflow the banks

Table 8. Bankfull n Values for 50- and 100-Year Floods

R i v e r  m i l e

71.30 0.033 0.030
75.08 0.034 0.031
77.78 0.036 0.033
79.55 0.042 0.039
81.22 0.047 0.043
83.47 0.077 0.071
84.95 0.059 0.054
87.32 0.037 0.034

Manning's n
50-year 100-year

0.020, and an n of 0.035 would result in bankfull conditions during the
2-year flood in this reach.

Thus, an n of 0.030 fairly represents the flow resistance of this
portion of the Kankakee River for discharges which are contained within the
levees forming the river banks. The flow resistance characteristics for
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near bankfull conditions are not well documented, but an n value of 0.040
may be used for such flow conditions.

As an example of the effect of different values of n on flow condi-
tions, consider the section at mile 77.78 which is shown in figure 19. The
n value for most flood flows is 0.026 (table 7) and the n for bankfull
conditions with the 100-year flood discharge is 0.033 (table 8). With an n
of 0.026, the 100-year flood flow is 1.6 ft below the top of the levee
which is the water surface elevation for this discharge with an n of 0.033.
Similarly the 10-year flood elevation is 650.8 with n equal to 0.033, which
is the water surface elevation for the 50-year flood and an n of 0.026.

Iroquois River

Two different computer programs were used to investigate the effects
of clearing and snagging on the Iroquois River. The first program was
the HEC-2, the U.S. Army Corps of Engineers' water surface profile computer
program (Hydrologic Engineering Center, 1979). The second program was the
National Oceanic and Atmospheric Administration's Dynamic Wave Operational
Model (DWOPER) program (Fread, 1978). The difference in the two programs
is that HEC-2 computes water surface profiles along a stream channel for a
specified discharge assuming a steady gradually varied flow, while DWOPER
routes flood hydrographs along a stream channel by solving the unsteady
Saint-Venant equations for open channel flow.

The basic derivations and assumptions involved in both the HEC-2 and
the DWOPER programs will be discussed in the following paragraphs. The
results of the two programs for the Iroquois River will also be presented.

HEC-2 Water Surface Profi le  Calculat ion Technique

The HEC-2 program in its present form was developed by the U.S. Army
Corps of Engineers at the Hydrologic Engineering Center (HEC) at Davis,
California (Thomas, 1975). The HEC-2 program calculates water surface
elevations along a stream channel for given discharges, cross-sectional
areas, and Manning's roughness coefficients. The flow along the river is
assumed to be steady; therefore the program does not deal with changes of
depth, discharge, and velocity in time. A flood wave, which changes
rapidly in time, cannot be simulated by HEC-2. The other basic assumptions
are that the flow is one-dimensional and gradually varied in space and that
the channel slope is very mild. By assuming gradually varied flow, it is
possible to use the uniform flow equations to compute energy losses between
successive sections (Chow, 1959; Feldman, 1981).

HEC-2 computes water surface elevations along a stream channel by
using equations 2, 3, and 4 from the previous section on flow resistance.
The solution technique is the standard step method as outlined by Chow
(1959). The standard step method is a trial and error technique for deter-
mining the water surface elevation at the next cross section provided that
all the variables are known for the preceding cross section. It starts the
computation with known water surface elevation, discharge, and cross-
sectional area at the first cross section, defined as the control point.
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The total energy at the first cross section represented by the left-hand
side of equation 2 is then calculated from the known values. The depth of
water at the next cross section, Y2 in equation 2, is given a trial
value. From the given cross-sectional data and the assumed Y2, the
variables A and R for the next cross section are computed. From the
computed values of A and R, and the given values of Q and n, the friction
slope at that cross section is computed by equation 4. The average
friction slope for the reach, Sf , can be calculated in several different
ways, but the arithmetic mean of the slopes for the preceding cross section
and the one computed for the present cross section usually provides an
adequate approximation. The energy head loss due to friction is then
computed by equation 3. Additional energy losses due to contraction and
expansion of the channel are also added to the friction head loss.

The computed water surface elevation at the present cross section is
then found by adding the difference in velocity head between the two cross
sections and the total frictional and other head losses to the water
surface elevation at the preceding cross section. From equation 2, the
water surface elevation at the present cross section, z2 + y2 , is given
by:

If this computed water surface elevation is different from the estimated
value, another estimate is made and the same procedure repeated until the
difference between the computed and estimated water surface elevations is
reduced to an acceptable value. Once the water surface elevation at that
cross section is computed, the computation proceeds to the next reach. The
newly computed values will now serve as the known values on the left-hand
side of equation 2 for the next series of calculations.

The direction of the water surface profile calculations depends on the
nature of the flow. If the flow in the channel is subcritical, the control
point is located at the downstream end of the study reach and the calcula-
tion proceeds in the upstream direction. On the other hand if the flow is
supercritical, the control point is on the upstream end, and the computa-
tion proceeds in the downstream direction.

In most natural streams the flow is generally subcritical. Thus the
water surface profile computation starts at a downstream control point,
such as a dam, a constricted cross section, or any gaging station where the
water surface elevation for a given discharge is known, and then proceeds
in the upstream direction.

The data required to run the HEC-2 program include data on channel
geometry such as cross-sectional profiles and distance between cross
sections, and data on hydraulic characteristics such as Manning's roughness
coefficients. A rating curve at the control point is also required.

The HEC-2 program has a number of options and capabilities to deal
with different kinds of flow problems encountered in water surface profile
computations. It has different methods to simulate flow through bridges,

(6)
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it can map areas inundated by different frequency floods, and it can
simulate floodplain encroachments and channel improvements. Detailed
descriptions of these capabilities and options are found in several
publications (Feldman, 1981; HEC, 1979; Thomas, 1975).

Input Data. The HEC-2 program was used to investigate the main
stem of the Iroquois River from the Rensselaer gage in Indiana to the
Iroquois gage in Illinois. The total study reach, shown in figure 20, is
31.02 miles long. Seventy-six representative cross sections were used to
run the HEC-2 program. The Manning's n for the channel and floodplain were
specified at each cross section. The cross-sectional data and the n values
were obtained from the office files of the Soil Conservation Service,
Indianapolis, Indiana. Water surface profile computations were done on the
main stem of the Iroquois River by the Soil Conservation Service in 1966
using the same data and SCS's WSPIN computer program. The results of the
present HEC-2 calculations are compared with those from the SCS calcula-
tions in figure 21 for validation purposes. The flow used for the
calculations was 10 csm (cu ft per second per square mile). As shown in the
figure, the results of both calculations agree very well for the most
part. Therefore, the cross-sectional data and n values used in the HEC-2
program and the HEC-2 computations based on those data were assumed to be
satisfactory to investigate the effects of channel clearing and snagging on
the Iroquois River.

F i g u r e  2 0 .  T h e  m a i n  s t e m  o f  t h e  I r o q u o i s  R i v e r
( t h e  r e a c h  u s e d  i n  t h e  h y d r a u l i c  a n a l y s e s )
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F i g u r e  2 1 .  C o m p a r i s o n  o f  w a t e r  s u r f a c e  p r o f i l e s
from HEC-2 and SCS calculations
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The existing Manning's roughness coefficients for the channel ranged
from 0.035 to 0.075, while for the floodplain they ranged from 0.075 to
0.14. The clearing and snagging of the channel in Indiana was assumed to
reduce Manning's n for the channel from the existing values to 0.03
throughout the portion of the river in Indiana. Since clearing and
snagging is not anticipated in the Illinois portion of the river, the
existing n values were left unchanged.

Results. The change in the water surface elevations of floods
resulting from reducing the n value is illustrated in figures 22, 23 and 24
for the 10-, 50-, and 100-year floods. Water surface elevations for both
existing and reduced roughness coefficients at selected cross sections are
given in table 9. As shown in the figures and the table, reducing the
roughness coefficient by clearing and snagging in Indiana results in lower
flood water elevations in Indiana. The maximum reduction of water surface
elevation was close to 2 feet at the upstream portion of the river near
Rensselaer, Indiana.

The reduction in water surface elevations in the Indiana portion of
the river is attained by significantly increasing the velocity of the water
in the channel. The velocities in the channel for the existing and reduced
roughness coefficients corresponding to the surface elevations shown in
table 9 are given in table 10. The maximum increase of velocity reached
over 2 feet per second at the cross section where the maximum reduction in
water surface elevation was calculated. Reducing the water surface
elevations is attained by increasing the water velocity in the channel.
The increased velocity will generally result in more channel erosion and
higher sediment load in the river.

The HEC-2 results as shown in figures 19 to 21 and in tables 9 and 10
show no changes in water surface elevations nor in velocity in the Illinois
portion of the river downstream of River Mile 54.60, which is at the state
line. This, however, is due to the inability of the HEC-2 program to 
predict any effect of upstream channel alteration on the part of the river
downstream of the alteration.

Since the flow in the Iroquois River is subcritical, the water surface
profile calculations start at a downstream control point and proceed in the
upstream direction from one cross section to the next. The water surface
elevation for a given discharge at the control section will not change
regardless of what is done upstream of the control section. For reaches of
the river upstream of the control section, the water surface elevation can
be changed by varying the roughness and the cross-sectional area. In the
case of channel clearing and snagging, the roughness coefficient is reduced
and this reduction will result in lower water surface elevations and higher
velocities in the portion of the river where it has been cleared and
snagged but not in the portion of the river downstream of the clearing and
snagging. For subcritical flow, the HEC-2 water surface calculations will
not show any effect of upstream channel alterations downstream of that
alteration.
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F i g u r e  2 2 .  C h a n g e  i n  t h e  1 0 - y e a r   f l o o d  e l e v a t i o n s  o n  t h e  I r o q u o i s  R i v e r
resu l t i ng  f rom channe l  c l ear ing  and  snagg ing  in  Ind iana
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F i g u r e  2 3 .  C h a n g e  i n  t h e  5 0 - y e a r   f l o o d  e l e v a t i o n s  o n  t h e  I r o q u o i s  R i v e r
resu l t i ng  f rom channe l  c l ear ing  and  snagg ing  in  Ind iana
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F i g u r e  2 4 .  C h a n g e  i n  t h e  1 0 0 - y e a r  f l o o d  e l e v a t i o n s  o n  t h e  I r o q u o i s  R i v e r
resu l t i ng  f rom channe l  c l ear ing  and  snagg ing  in  Ind iana
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Table 9. Water Surface Elevations for Existing
and Reduced Roughness Coefficients

(Elevations in feet above mean sea level)

10-year flood 50-year flood 100-year flood

River
mile

Existing
roughness

Reduced
roughness

Existing
roughness

Reduced
roughness

Existing
roughness

Reduced
roughness

49.79 638.56 638.56 640.39 640.39 641.05 641.05

51.70 639.35 639.35 641.19 641.19 641.86 641.86

54.60 640.05 640.05 641.90 641.90 642.59 642.59

56.60 640.59 640.35 642.40 642.18 643.07 642.88

59.90 641.41 640.76 643.25 642.76 643.94 643.33

62.65 642.50 641.57 644.34 643.50 645.02 644.10

65.40 643.45 642.41 645.21 644.54 645.87 644.98

68.00 644.46 643.34 646.20 645.48 646.86 645.98

70.59 645.51 643.85 647.21 645.97 647.83 646.50

72.09 647.17 645.32 648.43 647.00 648.91 647.46

74.20 647.79 645.84 648.96 647.49 649.39 647.86

76.30 648.65 646.42 649.57 648.05 650.11 648.44

77.66 648.81 646.64 649.75 648.21 650.28 648.61

Table 10. Channel Velocities for Existing and Reduced Roughness Coefficients
(Velocities in feet per second)

10-year flood 50-year flood 100-year flood

River
mile

Existing
roughness

Reduced
roughness

Existing
roughness

Reduced
roughness

Existing
roughness

Reduced
roughness

49.79 1.80 1.80 1.92 1.92 1.96 1.96

51.70 1.34 1.34 1.44 1.44 1.47 1.47

54.60 1.52 1.52 1.38 1.38 1.35 1.35

56.60 1.26 1.61 1.39 1.82 1.44 1.90

59.90 1.21 1.66 1.25 1.75 1.28 1.82

62.65 2.15 2.70 2.18 2.82 2.17 2.87

65.40 3.67 3.90 3.39 3.96 3.24 4.01

68.00 0.91 1.45 0.96 1.48 0.97 1.54

70.59 0.99 1.55 1.06 1.65 1.06 1.72

72.09 0.45 1.11 0.40 0.82 0.39 0.78

74.20 0.85 1.75 0.84 1.78 0.83 1.83

76.30 0.50 1.26 0.55 1.29 0.54 1.33

77.66 0.82 3.29 0.74 2.35 0.65 2.29
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Dynamic Flood Wave Routing

The preceding section showed how the HEC-2 program was used to compute
water surface profiles along the river for selected discharges. It was
assumed that the flow was steady, meaning that the discharge for a given
reach did not change with time. The results of such analyses are important
if the concern is to determine the maximum water surface elevations for
floods of selected return periods. They are also important in the
investigation of the backwater effects of certain structures such as dams
on a river system. However, due to the assumption of steady flow, they do
not provide a good picture of the dynamic behavior of the river system
during flood events which last for an extended period of time.

To investigate a flood event where the discharge at a given location
changes rapidly with time, the unsteady open channel equations have to be
used. Assuming that the flood wave is one-dimensional, and that the
velocities and accelerations in the transverse and vertical directions are
small compared to the values in the longitudinal direction, the unsteady
open channel flow equations are given by equations 7 and 8.

Equation 7 is the continuity equation while equation 8 is the momentum
equation. The terms in equations 7 and 8 are defined as follows:

=

Q =
x =
t =
A =
Ao
y =
So =
Sf =
Sed=
q =
Vx =

(7)

(8)

g = acceleration due to gravity

total discharge
longitudinal distance along the channel
time
flow cross-sectional area
off-channel dead storage
depth of water
channel bottom slope
friction slope
eddy loss slope
lateral inflow or outflow per unit length along the channel
velocity of the lateral flow, q, in the direction of the
main flow in the channel

Equation 8 is generally rewritten as:

(9)

where h is the water surface elevation. Since h equals y + z is
equal to Since equals is equal to
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determining the local channel bed slope, So, which is highly irregular.

where Ke is an expansion or contraction coefficient. It is assumed in
equation 10 that the head loss due to expansion and contraction in the
channel cross-sectional area is proportional to the change in the velocity
head through the reach

(10)

There are several numerical techniques for solving the Saint-Venant equa-
tions. The most frequently used techniques are based on finite difference
techniques. The finite difference technique transforms the partial differ-
ential equations into finite difference equations, which can be solved by

An analytical solution of the Saint-Venant equations, which are non-
linear hyperbolic differential first-order equations, does not exist unless
they are simplified by introducing several restrictive assumptions.
General solutions are obtained by numerical methods on digital computers.

computers with relative ease. In one of the techniques known as the method
of characteristics, the Saint-Venant equations are first transformed to a
set of ordinary partial differential equations defined as characteristic
equations before the finite difference approximations are introduced.

In the implicit schemes, the unknown variables at a point are
expressed in terms of known and unknown variables to form a set of simul-
taneous algebraic equations for each time interval. The values of the Q
and h for the previous time interval are obtained from either the initial
conditions at the start of the computation or from previous calculations at
other times. For each  reach there will be two equations based on the

Q and h, at all computational points explicitly step by step.

The partial differentials in the Saint-Venant equations or the
ordinary differentials in the characteristic equations are then replaced by
finite difference equivalents to form a system of algebraic equations. The
finite differences are formed by taking discrete distance  and time

 steps within the computational domain. The finite difference
algebraic equations are then solved either by explicit or implicit numeri-
cal schemes. In the explicit scheme, the unknown variables are always
expressed in terms of known values. The known values are obtained from
initial conditions, boundary conditions, or previous calculations.
Therefore it is possible to calculate the values of the unknown variables,

The friction slope, Sf, in equation 9 is estimated by applying
Manning's formula for steady flow as shown in equation 4. The eddy loss
slope, Sed, is defined as

This substitution to obtain equation 9 avoids the problem of

Equations 7 to 9, can be expressed in terms of the average velocity, V,
instead of Q by substituting AV for Q. The two sets of equations, equa-
tions 7 and 8 or equations 7 and 9 are generally known as the Saint-Venant
equations, after J.C. Barre de Saint-Venant who first derived the one-
dimensional unsteady flow equations in 1871 (Chow, 1959). Detailed deriva-
tions of the one-dimensional unsteady open channel flow equations from the
basic continuity and momentum equations are given by Yen (1973).
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continuity and momentum equations for the two unknowns, Q and h. For the
(N-1) reaches between cross sections 1 and N, where cross sections 1 and N
are either the upstream or downstream boundaries, there will be 2N-2
equations. With two known boundary conditions, one each at the upstream
and downstream boundaries, a set of 2N simultaneous algebraic equations for
2N unknowns (Q and h at N cross sections) is obtained. The set of
equations are then solved simultaneously for the whole study reach by an
iterative procedure (Amein and Fang, 1970). This procedure is then
repeated for each time step up to the required duration.

DWOPER - Dynamic Wave Routing Program

The DWOPER (Dynamic Wave Operational Model) program was developed by
Fread (1978) at the National Oceanic and Atmospheric Administration (NOAA).
It routes flood waves through rivers by solving the Saint-Venant equations
(equations 7 and 9), utilizing an implicit finite difference scheme. The
finite difference scheme is the weighted four-point implicit scheme, which
formulates the finite difference equations with respect to four computa-
tional nodes. The numerical scheme used in DWOPER is discussed extensively
by Fread (1974, 1978).

The computer program was developed to provide the National Weather
Service (NWS) of NOAA the capability to forecast the flow conditions
including flood stages in the major rivers and their tributaries throughout
the United States. It has several options in which the effects on flood
flows of structures such as bridges, locks and dams, and diversion weirs
can be taken into account. It has been tested on several rivers and found
to be very effective (Fread, 1974, 1978).

The data required to run the DWOPER program include channel geometry,
Manning's roughness coefficients, initial conditions, lateral inflow
hydrographs, and upstream and downstream boundary conditions.

The initial conditions specify the unknown variables Q and h at all
computational and boundary points at the start of the unsteady flow
calculations. The initial conditions can be obtained from observed or
estimated stages and discharges or by assuming a steady flow and calcula-
ting the corresponding stages by backwater computations.

The boundary conditions at the upstream and downstream boundaries can
be specified from either known stage or discharge hydrographs. At the
downstream boundary a rating curve can also be used. The lateral inflows
from either tributaries or overland flows have to be specified as discharge
hydrographs.

Input Data. The DWOPER program discussed in the preceding section
was used to route two floods through the main stem of the Iroquois River
from the Rensselaer gage in Indiana to the Iroquois gage in Illinois. This
is the same reach of the river, shown in figure 20, used for the HEC-2
runs. The first flood used in the DWOPER program occurred during a 20-day
period from May 11 to May 30, 1970. The second flood used occurred from 
May 30 to June 18, 1980, a 20-day period. The peak discharges at the
Iroquois gage were 5360 cfs for the former and 2680 cfs for the latter.
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The cross-sectional data used were the same as those used for the
HEC-2. However, the DWOPER's data management program processes the cross-
sectional data and computes top widths for several elevations before
utilizing the cross-sectional data in the main program. The number of
cross sections was reduced to 10 average cross sections for the 31-mile
reach. The 1st cross section is just downstream of the Rensselaer gage,
the 4th cross section is at the Foresman gage, and the 10th cross section
is at the Iroquois gage (figure 20).

The whole study reach was further subdivided into three segments in
which average Manning's roughness coefficients were specified. The three
segments were from river miles 50.05 to 56.53, 56.53 to 69.43, and 69.43 to
77.02. The n values were specified as a function of the discharge. The n
values used for existing conditions are given in table 11. For the im-
proved conditions, the n values for segments 2 and 3 were reduced by 0.02.

The upstream boundary condition was specified as the observed
discharge hydrograph at the Rensselaer gage. For the downstream boundary
condition, the channel bed slope was specified.

The initial conditions were specified as uniform flow with estimated
water surface elevations at the 10 cross sections. The uniform flow dis-
charge at the upstream boundary was assumed to be the flow at the
Rensselaer gage one day preceding the flood events. The DWOPER program
used this input to solve the unsteady flow equations for several time
steps, keeping the boundary conditions constant for all time steps. The
process improves the initial conditions by eliminating the errors in the
estimated elevations at all the cross sections.

Six lateral inflow hydrographs were specified between the Rensselaer.
and Iroquois gaging stations. The first lateral inflow hydrograph just
downstream of the Rensselaer gage was obtained by combining the flow
records of Slough Creek near Collegeville and Carpenter Creek at Egypt,
both in Indiana. The locations of the gages are shown in figure 20. The
rest of the lateral inflows were generated from unit hydrographs and
rainfall records at Kentland and Rensselaer, Indiana.

The unit hydrographs were derived from flow records at five gaging
stations in Indiana. The five gages were Iroquois River at North Marion,
Iroquois River at Rensselaer, Slough Creek near Collegeville, Carpenter

Table 11. n Values Used for Existing Conditions
in the DWOPER program

Q  ( c f s ) n

Segment 1
R .  mi le  50 .05-56 .53

400 0.06 200 0.055 100 0.065
1000 0.055 500 0.050 650 0.060
1300 0.075 800 0.070 800 0.075
1800 0.065 1200 0.060 1000 0.070
3500 0.060 3000 0.055 3000 0.065

Segment 2
R .  mi le  56 .53-69 .43

Q  ( c f s ) n Q (cfs) n

Segment 3
R .  mi le  69 .43-77 .02
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Creek at Egypt, and Bice Ditch near South Marion. The drainage areas at
the five gages ranged from 21.8 square miles for Bice Ditch to 203 square
miles for the Rensselaer gage. Five selected floods were analyzed at each
of the five gaging stations to develop unit hydrographs. Daily discharge
and precipitation records were used to develop the unit hydrographs.

The unit hydrograph parameters, such as peak discharge; time to peak;
widths of the unit hydrograph at 75, 50 and 25 percent of the peak
discharge; times to 75, 50 and 25 percent of the peak; and base length of
the unit hydrograph were determined. Through use of the method outlined by
Singh (1981), the unit hydrograph parameters were related to basin factors
such as channel length, slope, and drainage area by multivariate regression
equations.

The lateral inflow hydrograph for each tributary was then developed by
first determining the unit hydrograph parameters for the watershed from the
regression equations. The rainfall records during the period of interest
were then analyzed to determine the effective rainfall by using the runoff
coefficients of the watershed. The effective rainfall was then applied to
the unit hydrographs to generate the lateral inflow hydrograph for each
tributary.

Results. Initially the two floods were routed through the river
with assumed roughness coefficients. In figures 25 and 26 the computed
stage hydrographs are compared to the observed hydrographs at the Foresman
and Iroquois gages for the 1970 and 1980 floods, respectively. As shown in
the figures the computed and observed hydrographs match extremely well.
Therefore, the results obtained from the DWOPER program can be assumed to
predict the flow dynamics of the Iroquois River with sufficient
accuracy.

To simulate channel clearing and snagging, the roughness coefficients
were reduced by 0.02 for segments 2 and 3, which are located in Indiana.
With the new sets of roughness coefficients, the DWOPER program was run
again without changes in any of the other inputs. Thus any change in the
stage hydrographs should be due to the change in roughness coefficients.
The stage hydrographs at the Foresman and Iroquois gaging stations for
existing and improved conditions are shown in figures 27 and 28 for the
1970 and 1980 floods, respectively. As can be seen in the figures, the
stages for the improved conditions are lower than for the existing condi-
tions as a result of the channel clearing and snagging. However, the
reduction in stage is achieved by increasing the velocity in the channel.
Figures 29 and 30 show the velocities at the Foresman and Iroquois gages
for the existing and improved conditions for the 1970 and 1980 floods. The
figures show that the velocity increases for all flow conditions if the
roughness coefficients are reduced as the result of clearing and snagging
the channel.

The increase in velocity could have significant impacts on streambank
erosion and bed scour by altering the sediment transport characteristics of
the river. Yang and Molinas (1982) have shown that the sediment concentra-
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Figure  25 .  Compar i son  o f  computed  and  observed  wa ter  sur face  e l eva t ions
at  two gaging stat ions on the Iroquois River,  May 11-May 30,  1970

Figure  26 .  Compar i son  o f  computed  and  observed  wa ter  sur face  e l eva t ions
a t  two  gag ing  s ta t ions  on  the  I roquo i s  R iver ,  May  30-June  18 ,  1980
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Figure  27 .  Changes  in   wa ter  sur face  e l eva t ions  on  the  I roquo i s  R iver  re su l t ing
from assumed channel  clearing and snagging in Indiana,  May 11-May 30,  1970

F i g u r e  2 8 .  C h a n g e s  i n  w a t e r  s u r f a c e  e l e v a t i o n s  o n  t h e  I r o q u o i s  R i v e r  r e s u l t i n g
from assumed channel  clearing and snagging in Indiana,  May 30-June 18, 1980
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F i g u r e  2 9 .  C h a n g e s  i n  v e l o c i t y  o n  t h e  I r o q u o i s  R i v e r  r e s u l t i n g  f r o m
assumed channel  clearing and snagging in Indiana,  May 11-May 30,  1970

F i g u r e  3 0 .  C h a n g e s  i n  v e l o c i t y  o n  t h e  I r o q u o i s  R i v e r  r e s u l t i n g  f r o m
assumed channel  clearing and snagging in Indiana,  May 30-June 18,  1980
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tion in an open channel flow is related to the unit stream power as
follows:

(11)

where Ct = the total sediment concentration in parts per million by
weight; V = the average flow velocity; and Se = the energy slope. The
product of the velocity and slope, VSf, is defined as the unit stream
power, which is the rate of potential energy dissipation per unit weight of
water. M1 and N1 are parameters related to flow and sediment
characteristics.

Equation 11 states that the concentration of sediment in an open
channel flow is directly related to the stream power. If the velocity or
the energy slope are increased the unit stream power increases, resulting
in an increased sediment concentration. An increase in the sediment
concentration will result in an increase of the sediment discharge since
the water discharge is unchanged.

Assuming that the sediment delivery rate from the watershed remains
the same, the increased sediment discharge has to be generated within the
stream channel. This can happen with increased bank erosion and bed scour
in the areas which experience increased velocity.

In the downstream part of the stream where the velocity for a given
discharge did not increase, the sediment concentration has to decrease in
accordance with equation 11, resulting in deposition of the sediment in
excess of the carrying capacity of the stream. Such increased deposition
of sediment in the downstream portion of the stream will result in the
formation of point bars, sand bars and islands. It might also cause
aggradation of the streambed. The formation of point bars, sand bars and
islands in the stream channel will reduce the discharge carrying capacity
of the stream. The reduced carrying capacity will result in increased
potential for more frequent flooding problems in the downstream reaches.

SUMMARY AND CONCLUSIONS

The hydrology, sediment transport, and hydraulics of flow were
investigated for the Kankakee and Iroquois Rivers in Illinois and Indiana.
Hydrologic data regarding flood flows of various return periods and low
flows of 7-day duration and 10-year return periods at several gaging
stations on the Kankakee and Iroquois Rivers were analyzed to investigate
the differences in flow characteristics between the two rivers. The
analysis showed that the Kankakee River near Wilmington, which reflects the
combined flows from the Iroquois and the upper Kankakee Rivers, is strongly
influenced by the Iroquois River during flood flows and by the upper
Kankakee during low flows. The presence of wetlands on the Kankakee River
and the differences in geology, drainage area shape, and stream slope were
identified as the main factors responsible for the different flow
characteristics of the two rivers. The wetlands and the sandy soils in the
upper Kankakee River Basin provide a large underground and surface water
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storage capacity which helps to reduce the peak flows during flood periods
and increase the low flows during dry periods.

The sediment transport characteristics of the Kankakee and Iroquois
Rivers were investigated on the basis of three years of suspended sediment
data at four gaging stations. The gaging stations are at Momence and near
Wilmington on the Kankakee River and at Iroquois and near Chebanse on the
Iroquois River. Based on the three years of data, sediment transport
rating curves, which relate the daily suspended sediment discharge to the
average daily water discharge, were developed at the four gaging stations.
The rating curves were found to vary from year to year; however, as more
data are added to the analysis the coefficients of the regression equations
will approach stable values where the addition of further data will not
change the coefficients appreciably. A good relationship between the
annual sediment yield and water discharge is also shown to exist for the
three years of record. The data on the Iroquois River both at Iroquois and
near Chebanse follow the same relationship, indicating that the relation-
ship between the sediment load and water discharge is consistent throughout
the Iroquois River Basin. On the other hand, the relationship between the
sediment load and water discharge at the Momence station is different from
that of the Iroquois River. For the same water discharge, the Iroquois
River carries much more sediment than the Kankakee River. The Kankakee
River near Wilmington reflects the combined characteristics of the Iroquois
River and the upper Kankakee River.

The bulk of suspended sediment is generally moved past a station
during storm events. Since the number of storm events in a year is small
and since the durations of the storms are short, much of the suspended
sediment is moved during a relatively small number of days. The signifi-
cance of storm events in the transport of suspended sediment was analyzed
by developing cumulative sediment transport curves for each year at the
four gaging stations. The cumulative sediment transport curves show the
percentage of the annual suspended sediment moving past a station in a
given number of days. For example, it was found that 50 percent of the
annual sediment load in 1980 moved past the Iroquois, Chebanse and
Wilmington stations in only 4 to 6 days. The curves for the above three
stations also showed that a higher percentage of suspended sediment moved
in a smaller number of days during drier years than in wetter years.

A hydraulic analysis of the Iroquois River was carried out to
investigate the impacts of possible clearing and snagging in the Indiana
portion of the river. The HEC-2 and DWOPER computer programs were utilized
to compute water surface profiles and to route floods between Rensselaer,
Indiana, and Iroquois, Illinois. Water surface profiles for the 10-, 50-
and 100-year floods were calculated for existing and improved conditions.
For the improved condition the flow resistance was reduced to reflect the
clearing and snagging operation. The HEC-2 calculations did not show any
impacts in the downstream portion of the river due to clearing and snagging
in the upper portion of the river. However, they showed a decrease in
water surface elevations and an increase in velocity in the portion of the
river where clearing and snagging was assumed to have taken place.

A dynamic wave routing was performed for the same portion of the river
using the DWOPER program. Two floods of 40, and 20- day durations were
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routed through the river for existing and anticipated conditions after
clearing and snagging. The results of the DWOPER calculations showed a
decrease in water surface elevations and an increase in velocity not only
for the portion of the river where clearing and snagging was assumed but
also for the downstream portion of the river.

The increase in channel velocity will increase stream bank erosion and
bed scour by altering the sediment transport characteristics of the river.
The increased bank erosion and bed scour will increase the total sediment
load in the channel. The excess sediment load will then be deposited
further downstream from the channel alteration where velocities have not
changed significantly. Deposition of the sediment in the channel will
reduce the carrying capacity of the channel and as a result will increase
the potential for more frequent flooding.

An investigation of the resistance to flow in the main stem of the
Kankakee River from Dunns Bridge, Indiana, to the State Line Bridge was
performed to determine the appropriate Manning’s n values to be used for
the Kankakee River during water surface profile calculations. It was found
that an n value of 0.030 is appropriate for discharges which are contained
within the levees, while an n value of 0.040 is appropriate for near
bankfull discharges.
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A = cross-sectional area

A = off-channel dead storage
o

C = 1.486 for English units and 1.0 for metric units in Manning's
equation

C = sediment concentration in parts per million by weight
t

g = gravitational acceleration

h = water surface elevation

h = energy loss between two cross sections
L

I = intercept of a linear regression equation

K = expansion or contraction coefficient
e

M = parameter in sediment transport equation
1

n = Manning's roughness coefficient

N = total number of cross sections in a study reach

= parameter in sediment transport equationN
1
q = lateral inflow

Q = water discharge

Q = sediment discharge in tons
s

Qw
= water discharge in cfs

R = correlation coefficient and hydraulic radius

S = slope of a linear regression equation

SE = standard error of estimate of the regression equation

S
e
= energy slope

S = eddy loss slope
ed

S = friction slope
f

t = time

V = average velocity

V
x
= velocity of lateral flow in the direction of the main flow in the
channel

x = longitudinal distance along the channel

x = distance between two cross sections

y = depth of water

z = elevation of channel bottom above the datum

= energy correction coefficient

NOTATIONS
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