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Hydraulics of Flow and Sediment Transport
in the Kankakee River in lllinois

by Nani G. Bhowmik, Allen P. Bonini,
William C. Bogner, and Richard P. Byrne

ABSTRACT

The hydraulics of flow and sediment transport in the Kankakee River in
Illinois were investigated in a 2-year study. An historical review of the Kanka-
kee River Basin over the last few hundred years showed the progression of
river channelization in Indiana about 65 years ago and the behavior of the
river in the straightened portion in Indiana and the nonstraightened portion
in Illinois. An analysis of the historical data related to peak flows, average
flows, and low flows for six gaging stations showed a trend of increasing peak
flows at Shelby and Momence, with a similar trend of increasing average flows
at Momence and Wilmington. Flow data from other stations did not show any
trends. A comparison of the cross-sectional data between 1968 and 1978 for
the main stem of the river in Illinois showed both deposition and scour at
various places. An analysis of more than 300 bed material samples indicated
that the median diameters of the bed materials of the river range in size from
0.2 to 0.4 mm.

Extensive suspended sediment, bed load, and water discharge data were
collected and analyzed. Regression equations between water discharge and
sediment discharge for all the stations have been developed. The river carries
silt and clay during low flow periods, and sand and small quantities of silt and
clay during high flow periods. During storm events, for a period of about 60
to 80 days, the river carries almost 70 to 80 percent of the yearly sediment
load at all' the gaging stations. It is estimated that the river carried about
131,000 tons of sediment load at Wilmington in water year 1979. In relative
terms, the Iroquois River watershed contributed more suspended sediment
load per square mile of drainage area than the main stem of the Kankakee
River. Bed load data collected at a few locations ranged from 1 to 2 percent
of the total yearly suspended load at those stations.

A number of active sand bars have been surveyed, and one sand bar near
the state line appears to be forming and crossing the state line once a year.
The total amount of bed load moved as sand bar at the state line was about 9
to 14 percent of the total load at this location. A hydrographic map of the
Six Mile Pool has been developed. A number of preventative and remedial
measures to reduce the sediment load have been identified and outlined in
the report.



INTRODUCTION

The hydraulics of flow in a natural stream and its sediment transport characteristics
are the two basic phenomena that determine its geometric and plan form shape. There
are many variables that affect the hydraulics of flow and the nature of sediment trans-
port in a river. Any change or alteration in some of the main variables can generate a
chain reaction that may be detrimental to the total system of "river flow." Streams
and rivers are subjected to a number of man-made constraints, and sometimes the ef-
fects of these constraints may not show up for a long time.

The behavior, characteristics, and nature of streams are somewhat different de-
pending upon whether they are flowing in a steep gradient, such as those found in the
mountainous areas of the country, or in a flat terrain, such as those found in the Mid-
west. The materials through which a river flows, the characteristics of the watershed,
the rainfall-runoff pattern from the basin, the constraints imposed by humans, and the
geology of the watershed are some of the factors that determine the hydraulic and
sediment transport characteristics of the river.

Many investigators have worked in this broad field of hydraulics of flow and
sediment transport in streams. However, there has been very little research in which
a comprehensive data collection program has been combined with a detailed analysis
of the data. Most of the work has been fragmental, in that either the hydraulic data or
sediment data were collected from one or two locations. The present research was un-
dertaken to collect a set of precise hydraulic and geometric data from the Kankakee
River Basin in Illinois at various locations to understand the mechanics of flow and the
sediment transport capability of the river. This report will present some quantitative
data regarding the sediment load in the river, hydraulic characteristics of the river,
and its geometric shape. It will also present some historical analyses of the hydrology
and hydraulics of flow in the river. Detailed data for this project were collected for a
period of one year.

Plan of the Report

This report is divided into six main sections: Background Analysis, Historical
Perspective, Data Collection, Analyses of Data, Suggested Preventive and Remedial
Measures, and Summary and Conclusions. Also provided are listings of the references
cited and the notations used. Appendices detail the basic data collected for the project.
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BACKGROUND ANALYSIS

This research deals with the hydraulics and sediment transport characteristics
of a river basin. The basic mechanics of flow and the sediment transport mechanics
must remain valid for any river flowing through alluvial materials. Thus, this section
of the report discusses the theoretical background regarding flow hydraulics and sed-
iment transport mechanics, and it is followed by a section that presents an historical
perspective of the Kankakee River.



Flow Hydraulics and Sediment Transport

Most of the major rivers of the world flow through alluvial materials consisting
mainly of sand and silt. The flow of water in these alluvial channels has been studied
by various researchers for many years. In a sand bed channel, the flow velocity, the tur-
bulence associated with the flow velocity, and the patterns of the secondary circulation
all have the capability and the opportunity to mold the shape of the channel. Research-
ers have tried to express the characteristics of flow in alluvial channels in terms of
theoretical relationships. In many instances their attempts have been successful, where-
as others have met with failure. The flow in a natural channel, however, is obviously af-
fected by so many variables that a clear, straightforward analysis is not possible unless
one resorts to some acceptable simplifications and assumptions.

As a result of all the constraints in an alluvial channel, a velocity distribution
with both lateral and vertical components is developed. These velocity components
vary in time and space. The longitudinal water surface slope, or the hydraulic gradient,
also constantly adjusts to reflect the constraints of the channel geometry on the flow
in a natural channel. This variability of the water surface profile is more pronounced
for flow around a bend than it is for a straight reach of the river.

Bed Form and Flow Resistance

Flow resistance in an alluvial channel is a function of many variables (Simons
and Richardson, 1971). Some of the important variables are: velocity V, depth D,
slope of the energy grade line S., density of the water-sediment mixture p;, dynamic
viscosity of the water-sediment mixture u, gravitational constant g, fall diameter of the
bed material df, standard deviation of the particles a, shape factor of the particles S,
shape factor of the reach of the river Sy, shape factor of the cross section of the river
S., and seepage force on the bed of the river f.

These variables in turn will determine the bed form in an alluvial channel flow-
ing on a sand bed. The bed forms that may be present in an alluvial river can be clas-
sified into eight categories. These bed forms are shown in figure 1 (Simons and Richard-
son, 1971) for bed materials having a median diameter dso less than 0.6 mm. Whenever
the median diameter is more than 0.6 mm, dunes will form rather than ripples after the
bed materials begin to move.

The first three bed forms shown on the left side of figure 1 are called "lower
flow regime." The last bed form on the left side is called "washed-out dunes" or the
transition zone, and the four bed forms on the right side are called "upper flow regime."
Table 1 shows the classification of bed forms under different conditions.

In the lower flow regime, the resistance to flow is large and sediment transport
i1s small. For most of the stable channels formed in alluvial materials, the dominant fea-
ture of the bed form is "dunes with ripples superimposed." Total resistance to flow is a
function of the bed roughness. On the other hand, in the upper flow regime, the resist-
ance to flow is small, the sediment transport is large, and the Froude number F is
usually greater than 1. The Froude number expresses the ratio between the inertial
force and the gravitational force and is given by equation 1.

F = V/gD)" (1)

The flow passes through a critical stage whenever the numerical value of F is 1.
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Table 1. Classification of Bed Forms and Other Information*
Bed matevial Mode of

concentrations sediment Type of Roughness

Bedform {ppm) transport roughness C I/\/E **
Lower Flow Regime
Ripples 10-200 7.8-12.4
Ripples on dunes 100-1,200 Discrete steps Form roughness
Dunes 200-2,000 predominates 7.0-13.2
Transition .
Washed-out dunes 1,000-3,000 Variable 7.0-20.0
Upper Flow Regime
Plane beds 2,000-6,000 Grain 16.3-20
Antidunes 2,000+ roughness 10.8-20
Chutes and pools 2,000> Continuous predominates 9.410.7

*From Simons et al., in Graf (1971)
**Cy is Chezy’s Coefficient

In a sand bed channel the bed forms that can develop for any flow condition
may or may not remain the same across the whole width of the channel. In some in-
stances the bed form can be a combination of ripples, dunes, or plane and dunes as one
passes from one side of the river to the other (Simons and Richardson, 1971). This was
observed in a large river during low flow stages. The median diameter dso of the bed
material was 0.17 mm.

Turbulent flow in a rigid boundary open channel is independent of the viscous
drag, i.e., the viscosity of the water has a minimal effect on the flow resistance in the
channel. However, this is not really true in the case of flow in alluvial streams with sed-
iment movement. Here the viscosity of the fluid may change because of the change in
water temperature or the change in the concentration of fluid-sediment mixture. This
change in viscosity may change the bed form, which in turn will change the resistance
to flow. Thus, a sand bed channel that has a dune bed during summer or fall may
change to a plane bed during the late fall as the temperature decreases. This was found
to be true for the Missouri River between Sioux City, lowa, and Omaha, Nebraska (U.S.
Army Corps of Engineers, 1968), where the average depth decreased by about 1 foot
for the same discharge when the temperature dropped by about 31 degrees Fahrenheit
in a period of 1 month. The bed form was found to have changed from dune bed to
plane bed, indicating a decrease in the magnitude of the resistance to the flow.

This short analysis indicates that the determination of the resistance to flow in
an alluvial sand channel is a very complex subject. The true effects of the various vari-
ables are not yet fully understood. Attempts have been made by a number of investiga-
tors to estimate a resistance coefficient for flow in an open channel. One of the simplest
equations is the Darcy-Weisbach formula (Chow, 1959), developed for flow in pipes.
The Darcy-Weisbach friction factor fis given by equation 2.

£ = 8pRS./V? (2)

where R is the hydraulic radius and V is the average flow velocity. Equation 2 can also
be written as

_2
f = 8Vi/V (3)



where V. is the shear velocity and is equal to (gRS.)”. By manipulating equation 3
one can obtain
VIvs = (817 (4)

Simons and Richardson (1971) have indicated that the variables S, D, df, w, g,
and p; will determine not only the magnitude of f but also the bed configuration in an
alluvial sand bed channel. Here € is the fall velocity of the bed materials, and the other
variables are as defined previously.

Two of the most widely used equations, called uniform-flow formulas, are used
to compute the average velocity in a stream when hydraulic and geometric characteristics
are either estimated or measured in the field. Chezy's formula is given by equation 5.

V = C,(RS.)” (5)

where C; is a factor indicating the resistance to flow and is called Chezy's C, . Equation
5 can be modified as follows.

V = [C, /(91 @RS = [C, /()" Ve
Therefore, V/IVe = C, f(g)%, and from equation 4 we obtain
Vive = C (9% = (8/D% (6)

Equation 6 indicates that Chezy's C;, Darcy-Weisbach friction factor f, and the ratio of
the mean velocity to the shear velocity are all interrelated.

Manning's equation given by equation 7 below is one of the most widely used
equations in river hydraulics around the world.

V = (1.49 R*/35.%)/n (7)

where n is the coefficient of roughness and is also called Manning's n. Comparison of
equations 5 and 7 indicates that Chezy's C; is related to Manning's n by equation 8.

C, = (149RYé)/n (8)
Therefore,
C, /(g = (L4IRYS)n(@* = V/va = (8/D* 9)

It must now be clear that all the resistance-to-flow equations described so far are re-
lated to one another in some way.

Over the last 50 to 70 years researchers have worked to determine the numerical
values of n for anticipated flow conditions in open channels. Chow (1959) has sum-
marized most of the research work that was done through the mid-1950s. He has shown
a number of photographs of flow in open channels with corresponding n values. Barnes
(1967) also has compiled a list of n values for flow conditions in channels of varied
characteristics, which are shown by color photos of the flowing stream.

Incipient Motion

Motion of the bed material begins when the hydrodynamic forces exerted on
the individual particles are large enough to dislodge the particles from the bed. There
are three modes of transport: 1) translation, 2) lifting, and 3) rotation. Translation is
defined as the movement of the bed particles in a sliding motion. Because of an im-
balance of the fluid forces, the bed particles are sometimes lifted off the bed and may
be entrained in the main body of the water. That is when particles are said to be trans-
ported by lifting. Whenever the lifting forces are not enough to lift the particles out of

7



WATER SURFACE

T FLOW

F

L

Figure 2. Simple force balance on a particle on the bed of a stream (not to scale)

the bed and the gradient of the bed is just right, the particles may move in the down-
stream direction just by rotating on the bed due to the fluid forces. This mode of trans-
port of the sediment is called rotation.

Figure 2 is a simple diagram for cohesionless, loose, solid particles on the bed.
Here, Fp is the drag force; Fp is the lift force; F,, is the submerged weight of the
particle being considered; Fr is the bed resistance force; and d is the angle the bed
makes with the horizontal. In the simplest analysis, whenever the component of the re-
sultant of F,, and Fr parallel to Fp is less than the value of Fp, the particle will start
to move or translate in the downstream direction. Thus for translation to occur, an im-
balance between resistance forces and frictional forces is implied. However, in order for
rotation of the particle to occur, moments taken around the point of contact between
the particle and the bed have to be unequal. A particle will lift upward whenever Fy is
greater than the resultant component of all the forces acting in the opposite direction
from Fy.

In a real life situation, interparticle forces, seepage forces, and wave forces must
be considered. In an analysis of the stability of particles on the bed of a stream, all
these forces should be considered, their relative magnitudes estimated, and stability
parameters developed. Such an analysis was done by Bhowmik (1968).



In an alluvial stream, all the above forces may act on the bed particles. Some-
times a particle may be lifted out of the bed and the higher velocity water may carry it
in the downstream direction, keeping it in suspension. At other times, the drag force
may be high and the particle either rolls or translates in the downstream direction. In a
sand bed channel, the drag force may be the dominant force that moves the bed parti-
cles, whereas for an alluvial stream flowing on a bed of coarse particles, the lift force
may be the dominant force in moving the bed particles.

The number of particles involved in the motion of a stream bed is enormous,
and looking at the motion of individual particles becomes impossible. In 1936, Shields
chose to look at the sediment particles in aggregate rather than individually (Graf,
1971). Shields applied the concept of shear velocity in obtaining a representative flow
velocity. Using particles of uniform grain size on a flat bed, Shields plotted dimension-
less shear stress as a function of boundary Reynolds number (figure 3). This functional
relationship is

T/ (g -7wlds] = fer (dV./v) (10)
where 7, is the critical shear stress, g is the unit weight of sediment, ¥, is the unit
weight of water, ds is the representative size of the bed particle (usually taken to be dsg),
and v is the kinematic viscosity of water. The term ds, indicates that size of the bed
particles of which 50 percent are finer.

Because of the statistical nature of both turbulence and the distribution of par-
ticle shapes and sizes, the beginning of motion is hard to define. In general, smaller
particles are moved first. Turbulent fluctuations may cause the shear force at a point
for a particular instant to be higher, thus making it possible to move a larger particle.
Also of significance is the length of the period of fluctuations as compared to the re-
sponse time of the particles (Lane and Kalinske, 1939). For example, if a particle has
a large response time, a turbulent fluctuation of short duration will not cause motion.

Shields arbitrarily used a mean critical shear stress to represent the general be-
ginning of motion. The value chosen was large enough to exclude the intermittent mo-
tion of individual particles before general movement occurs. Because of the observa-
tions just stated concerning the statistical nature of turbulence and particle distribu-
tion, Grass suggested that Shields' curve is not unique, but only one of a family of
curves depending on the flow boundary conditions (Grass, 1970).

Once the critical condition for motion has been reached, no particle will re-
main continually in motion. A continuous exchange between particles in motion and
the bed occurs even at advanced stages of transport. At advanced stages of transport,
grain diameter d; is no longer a good representation of the bed roughness. The influence
of bed forms on the sediment motion needs to be considered (Brown, 1950).

There have been many attempts to modify and improve the work of Shields.
Gessler (1971) modified Shields' curve, removing the increase in critical shear stress
due to the existence of bed forms. Shulits and Hill (1968) divided Gessler's modifica-
tions into four regions and developed an equation for each region. Lane (1955) used a
considerable amount of field data and developed a critical shear stress diagram sum-
marizing the results of most important studies. Lane's work points out that the critical
shear stress for clear water is considerably lower than that for water-sediment mixtures.
Chien (1954) has compared many of the critical shear stress formulas, showing that the
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differences in them are due to the various definitions of critical shear stress used by dif-
ferent researchers.

Sediment Load

For the purpose of analysis, the total sediment load is often split into two parts:
bed load and suspended load. Bed load is defined as that sediment in the bed layer
moved by saltation (jumping), rolling, or sliding. The bed layer is a flow layer several
grain diameters thick immediately above the bed. The bed layer thickness is usually
taken as 2 grain diameters (Einstein, 1950). Suspended load is defined as that sediment
load that is moved by upward components of turbulent currents and that stays in sus-
pension for a considerable time.

There is no sharp division between saltation and suspension. The distinction is
made between the two different methods of hydraulic transport: movement due to
shear force and movement due to suspension (Simons and Senturk, 1977).

Bed Load. There are many bed load equations that can be used to predict sedi-
ment transport rates of different grain sizes. These equations predict the transport ca-
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pability of the stream, which generally equals the available supply of sediment from
the upslope. Whenever the supply of sediment is less than the transport capability of
the stream, the transport capacity of the river will exceed the available supply. In such
an instance, bank erosion or bed scour may occur.

There are essentially three slightly different but related approaches to the bed
load problem. They are: 1) the du Boys-type equations, considering a shear stress rela-
tionship; 2) the Schoklitsch-type equations, considering a discharge relationship; and 3)
the Einstein-type equations, based upon statistical considerations of the lift force
(Graf, 1971). A discussion of these three approaches follows.

In 1879, du Boys (Graf, 1971) assumed that sediment moves in m layers of
thickness d' because of the shear stress 7, acting on it. The bottom layer is the layer in
which the shear force balances the resistance force between layers.

To = Cumd' (v - 7w) (11)
where Cu is the coefficient of friction and the other variables are as previously defined.

Du Boys assumed a linear velocity distribution between the bottom and mth
layers. At the critical condition m =1, 7, = (1/m)r,, which leads to the equation given
below for bed load discharge per unit width q, of the stream.

Q® = XTolro - 7cl (12)
where y is a characteristic sediment coefficient defined as
x = d'Vg/2(s, ) (13)

and Vi is the velocity increment between sediment layers.

For equation 12 to be used properly, the characteristic sediment coefficient y
needs to be determined correctly. Several researchers have developed empirical relation-
ships for . Schoklitsch (1914) developed a relationship between x and ¢ for uniform
grains of various sizes of sand. Donat (Graf, 1971) analyzed work by Gilbert (1914),
and Straub (Graf, 1971) analyzed work by other researchers. Both of them found a
definite relationship between x and grain size d,. Chang (1939) suggested that x could
be expressed as a function of Manning's roughness coefficient n. Chang, Simons, and
Richardson (1967) showed a functional relationship between x and the angle of repose
¢ of the bed material.

O'Brien and Rindlaub (1934) and the U.S. Waterways Experiment Station
(1935) independently generalized du Boys' equation and obtained equation 14 given
below.

Qp = x' 1o - 7)™ (14)
where x' is a function of median diameter and Manning's n, and m; isa function of
median diameter. The U.S. Waterways Experiment Station (1935) showed that for
sand with 0.025 <d; <0.560 mm, the range of m; is 1.5 < m; < 1.8.

Shields (Graf, 1971) developed a dimensionless relationship of the same general
form as du Boys' equation. This semi-empirical equation is given by equation 15.

[qb Cvs - YN /(qSer) = 10[{r, - 1)/ (x5 - ¥)ds] (15)

where q is the water discharge per unit width and all other parameters are as previously
defined. The factor of 10 was empirically determined and reflects the range of scatter.
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Kalinske (1947) considered the effect of turbulence on bed load motion. He
developed a dimensionless form of the bed load equation given by equation 16.

Qp/V4ds = fet(r /r,) (16)

Schoklitsch (1914) proved du Boys' theory of sliding layers to be wrong, but
his experimental data could be well represented by du Boys' equation. In addition,
Schoklitsch stated that the average bed shear stress is a poor criterion when applied to
field computations because the shear distribution across the channel cross section is
quite non-uniform. He suggested an equation for bed load of the form given by equa-
tion 17.

3 = x"(S)*(Q-q0) (17)
where x' is a new characteristic sediment coefficient, q. is the water discharge at
which the material begins to move, and k is an empirically determined exponent. Just
as du Boys' equation related bed load movement to excess shear stress {r, - 7.), Schok-
litsch's equation relates bed load movement to excess power designated by (q - q.).

Schoklitsch (1914) empirically determined k = 3/2 and developed a relationship
between x" and grain size d,. The critical discharge q. was determined to be a function
of both grain size and energy slope S..

The bed load relationship developed by MacDougall (1934) can be rearranged
to be of the same form as equation 17 with 1.25 < k< 2.0. Gilbert (1914) also came
up with an equation similar to equation 17 based on his experimental data.

Recently, Barekyan (1962) proposed a bed load equation using average velocity
V. His equation is given below.

Q@ = 0.187 ylve/lys - M1 q S (V- VOV (18)

where V. is the average critical velocity and the other terms have already been defined.
Earlier, Forchheimer (1914) and Donat (Graf, 1971) developed equations of similar
form, using du Boys' equation and expressing the average velocity according to Chezy's
equation.

Du Boys-type equations and Schoklitsch-type equations, although developed
independently from different concepts, are actually not independent. They can be re-
lated through the use of Manning's, Chezy's, or similar open channel flow equations.
The empirical constants that are developed are functions of Manning's n, Chezy's C,,
the distribution of sediment particles, and the properties of the particles. Before a par-
ticular bed load equation is used, the assumptions and conditions for which it was
developed should be compared to the situation being analyzed.

The work of Einstein (1942, 1950) differed considerably from the earlier work
of du Boys and Schoklitsch. The two major differences are: 1) the critical condition
criterion is avoided, since this condition is very difficult to define; and 2) bedload trans-
port is related to fluctuations in velocity (turbulence) rather than to average velocity.
From experiments, Einstein found that a steady and intensive exchange of particles
exists between the bed material and the bed load. Particles move along the bed in a
series of quick steps with relatively long rest periods between steps. For stable condi-
tions, the rate of deposition must equal the rate of erosion.

The concept on which Einstein developed his bed load function is described as
follows: The number of particles of a given grain size that are deposited over an area is
dependent on the rate at which the given grain size moves through the area, the particle

12



size, and the particle weight. The number of particles of a given grain size that are eroded
depends on both the availability of that particle size and on the turbulence of flow.
Einstein related the exchange time between the bed and bed load to the particle fall
velocity. In addition, the probability of a particle eroding, p, was related to the step
length.

Setting the rate of deposition equal to the rate of erosion yields a relationship
for the probability of erosion. Since the probability of erosion depends on the hydro-
dynamic lift and particle weight, Einstein developed and plotted a functional relation-
ship between these forces and particle characteristics. This relationship is given by
equation 19.

Ayd o = fot(Bay) (19)
where

Axr = (kl k3 )f‘(kz k)

s = (s/ip) (qu /75 {[o/ps - 231 (L/gd )Y = (is/ip )@

B, = k, /CLk,67.5

¥ = Uos - 0)/P}(ds/SRY)
Here i is the fraction of bed load in a given grain size, i, is the fraction of bed sediment
in a given grain size, p is the density of water, py is the density of sediment, A is a con-
stant with a value of about 100, S is the gradient, and Ry, " is the hydraulic radius with
respect to the grains (which is the only part of the hydraulic radius affecting sediment
transport). Cp is a lift coefficient, and k;, k,, and k; are particle shape factors. For

spherical particles k, = k, = #/4, and Ky = #/6. All other parameters were defined
previously. A«and B+ are constants to be determined experimentally.

L}

It

Later, Einstein (1950) replaced his empirical relationship ¥ with an analytical
relationship y », developed from the law of logarithmic velocity distribution. Values of
As = 43.5 and Bs = 0.143 were obtained from data of Gilbert (1914) and Meyer-Peter
et al. (Graf, 1971). Brown (1950) modified Einstein's approach and developed a func-
tional relationship between ® and 1/¢, which is similar to Shields' relationship.

It must be stated here that bed load is hard to define. All bed load equations
are empirical or semi-empirical in nature and have some similarities. When these equa-
tions are applied, care should be taken to limit their use to similar flow conditions and
particle characteristics. The above equations involve many constants that were deter-
mined experimentally, and the appropriate reference should be consulted to determine
under what conditions they apply.

Suspended Load. Suspended load is defined as that sediment surrounded by
fluid that stays in suspension for an appreciable length of time. Sediment particles settle
because of their weight, but fluid turbulence counterbalances this motion. Just as there
exists an active exchange betwen bed material and bed load, there is an active exchange
between bed load and suspended load.

The suspended load per unit width of channel q; is
q = vs fOVC dy (20)
where V and C are the time averaged velocity and concentration distributions, and a is

the thickness of the bed layer. The total suspended load for a stream can be obtained
by integrating equation 20 across the width of the stream.
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For stable conditions the amount of sediment settling must be counterbalanced
by upward sediment flow due to diffusion. Therefore

wC + e, (dC/dy) = 0 (21)

where w is the particle fall velocity, es is the sediment diffusion coefficient, C is
the concentration of sediment, and y is the depth of water from the bed. Integrating
equation 21 yields

C = C, expl-w fi(dy/e,)] (22)
where C, is the concentration of sediment with fall velocity ¢« at alevel "a" above the bed
(O'Brien, 1933).

Rouse used the fact that the sediment diffusion coefficient is equal to a con-
stant times the momentum diffusion coefficient (Jobson and Sayre, 1970) to develop
equation 24 given below. Using the Prandtl-von Karman velocity relation

€s = P Vo{y/DXD-y) (23)
Equation 22 becomes

C/C, = {[(D-y)y] aKD-a)Fs (24)
where

z;p = W/PKVa (25)

Here g is a constant and « is the von Karman constant (Rouse, 1937). Several research-
ers have shown that for fine particles§ = 1 (i m p leg = €p) and for coarse particles
g < 1. Einstein and Chien (1954) established a relationship ofg with particle size. Von
Karman's constant # is equal to 0.4 in open channel flow without sediment but is re-
duced for sediment laden flow (Vanoni and Nomicos, 1960; Einstein and Chien, 1954).
In general, many researchers have found agreement with equation 24, but the values of
z; have been determined by fitting the data and not from theory. Equation 24 is used
in equation 20 to determine q.

Lane and Kalinske (1941) assumed § = 1 and ¢« = 0.4 and determined a ver-
tically averaged sediment diffusion coefficient. They developed the equation
CCIC, = exp{-(15w/V&)[(y - 2)/D]} (26)

which worked well for field data mainly from wide channels. Equation 20 can be in-
tegrated directly with equation 26. The results are

qs = qC,PL exp (15wa/DVs) (27)
where Py is the ratio of C to C near the bed.

Einstein (1950) developed a method for computing suspended load, assuming
B = 1 and x = 0.4. He replaced the overall shear velocity V* with the shear velocity
due to grain roughness only. He also obtained the reference concentration C, from the
relationship between bed load and suspended load. Brooks (1963) assumed the velocity
defect relation and obtained an equation similar to Einstein's relationship. Einstein and

Abdel-Aal (1972) modified the Einstein method to consider the effects of suspended
sediment on k.

Chang et al. (1967) applied a velocity distribution obtained from Prandtl's
mixing length theory to determine

C/C, = A, {(y/DY*/[1-(A-y/d*]pP2 (28)
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where A; = {[1-(1-a/D)*]/(a/D)* }2?1. Chang et al. then used equation 28 in equa-
tion 20 to obtain the suspended load.

When attempting to determine the suspended load one must remember that
only the suspended load due to bed material is calculated from the above equations.
Wash load is determined by available upslope supply rate.

Total Load

The total load can be obtained from the sum of the bed load and suspended
load. Some researchers have done work on obtaining total load directly, and not as a
sum of two components. Actually the total load that can be predicted is the total bed
material load, which is made up of particle sizes that can be found in the bed. The
wash load is made up of particles finer than those found in the bed and is dependent
on the supply available from the watershed.

Einstein (1950) developed a relationship for total load that combined his equa-
tions for bed load and suspended load discussed previously. Colby and Hembree (1955)
modified Einstein's procedure to utilize field measurements of velocity and suspended
sediment. Since measured values of suspended sediment are used in the modified Ein-
stein procedure, this methodology gives the total load including wash load. Toffaleti
(1969) based his work on that of Einstein (1950) and Einstein and Chien (1954). He
developed a procedure for determining total load by replacing the actual channel di-
mensions with an equivalent rectangular channel and at the same time dividing the
depth into four regions.

Bagnold (1966) developed an equation for total load based on the concept of
energy balance by combining relationships he developed for bed and suspended load.
Chang et al. (1967) determined total load by integrating expressions for bed and sus-
pended load across the width and summing the results. They used a du Boys-type equa-
tion for the bed load and an equation similar to Einstein's for suspended load.

Lane and Kalinske (1941) used their equation for suspended sediment to pre-
dict total load by selecting the reference point at the bed (a = 0). Laursen (1958)
chose a direct approach to determining total load by developing a functional relation-
ship between sediment discharge and flow condition.

Colby (1957) developed a relation similar to but much simpler than the modi-
fied Einstein procedure. He developed semi-empirical relationships dependent on the
same field measurements necessary for the modified Einstein procedure. Bishop et al.
(1965) also modified Einstein's approach by reasoning that the shear intensity param-
eter y can be used to predict the intensity of bed material transport. More recently,
Shen and Hung (1971) developed a relationship for total load using regression analysis.
They assumed that since the transport phenomenon is so complex, it is better to use
a regression analysis of all available data than to try to describe sediment motion under
all conditions.

Still, the question remains of how to determine the total load if some field data
are available. If the hydraulic and the suspended sediment load data are available, the
total suspended sediment load can be computed. In many instances, especially in the
case of streams flowing on sandy beds, it is easy to measure the suspended sediment
load. However, the present instrumentations are not yet well enough developed to mea-
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sure the bed load. For cases such as these, an empirical relationship is needed to deter-
mine the total load based on the hydraulic data and the measured suspended sediment
load. Simons and Senturk (1977) have indicated that for a large and deep river, the
amount of bed load may be about 5 to 25 percent of the suspended load. Total bed
load may be small in these rivers, but is important since bed load influences the bed
stability and determines the bed and grain roughness of the channel.

HISTORICAL PERSPECTIVE

Early Period

The Pottawatomi Indians called the Kankakee River Ti-yar-ac-ke, "wonderful
land." The French had a variety of names for it, includingThe-a-ki-ki and Quin-que-que.
The contemporary name for the river, Kankakee, appears to be an English version of
this later French word (Paddock, 1883; Houde and Klasey, 1968).

The first white men to descend the Kankakee River were the French explorers
De La Salle and Father Hennepin in December 1679. They explored its entire length
after portaging from the St. Joseph River (Houde and Klasey, 1968). The river they
found looked far different from the one that exists today. The present plan view of the
river is shown in figure 4.

Their point of entry was near present day South Bend. From there, down to
what is now Momence, Illinois, De La Salle's party wound its way through more than
240 miles of a marshy, sandy maze of meanders, oxbows, and sloughs that were teem-
ing with a variety of wildlife. This area would later become known as the "Grand
Marsh" (Morrison, 1976). Downstream, below a limestone outcropping at Momence,
the river had higher gradient and probably appeared much the same as it does today.

Around the time of De La Salle's expedition, the Kankakee River was inhabited
by the Pottawatomi Indians who took full advantage of the marsh and established win-
ter residence there. They hunted, fished, and trapped the various forms of wildlife
that were found in abundance. The marsh was also relied upon as a natural refuge from
the fierce Iroquois nation (Morrison, 1976).

Soon after the French explorers passed along the Kankakee, the hunters, trap-
pers, and traders began to arrive. These were the first white men to inhabit the area.
They lived a life similar to that of the Pottawatomi, spending the winter months har-
vesting some of the tens of thousands of waterfowl and furbearing animals that inhab-
ited the Grand Marsh. As more white people began to establish themselves in the Kan-
kakee Basin, it became apparent that there would no longer be a place for the Pottawa-
tomi Indians. The Federal Government formalized this transition through the treaties
of 1832 and 1836 (Meyer, 1936).

Pioneer settlers began to arrive during the early part of the 1800s. Their pres-
ence began to establish the primary features along the Kankakee River as we know
them today. Gurdon Hubbard, a fur trader and one of the first to settle along the Kan-
kakee River, established a trail between Chicago and Danville that crossed the Kankakee
at a shallow ford about one mile upstream from where Momence is now located. This
site was one of two practical places to cross the river at that time. It was called Upper
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Figure 4. Kankakee River Basin

Crossing or Hill's Ford. The other ford site, located about a mile downstream, was called
Lower Crossing. The two became centers for traffic, joining the northern and southern
portions of the basin (Houde and Klasey, 1968; Morrison, 1976).

In the 1840s a bridge was built at Upper Crossing, but it was twice destroyed
by ice jams. The establishment of the town of Momence at the Lower Crossing and the
destruction of the bridge caused the Upper Crossing to disappear (Houde and Klasey,
1968; Morrison, 1976).

Momence was only one of a series of settlements that developed along the
Kankakee River and the fringes of the Grand Marsh in the early 1800s (Houde and
Klasey, 1968). At that time they were rugged pioneer settlements inhabited by people
who adjusted to the restrictions and limitations of their environment (Meyer, 1936). In
addition, the marsh was home to the frontier trapper and hunter as well as a hideout
for counterfeiters, outlaws, and horse thieves (Morrison, 1976). The growth of these
communities, along with the establishment of the prairie farmer, had an irreversible im-
pact upon the river.

By the mid-1800s, a distinct metamorphosis had occurred. A new breed of in-
dividual was becoming a dominant force in the area. These people wanted to exploit
the lands and natural resources surrounding the Kankakee River and marsh. They were
the logger, the sportsman, the stock farmer, and any others who could find something
of commercial value on the river or in the marsh (Meyer, 1936).
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The first persons to utilize the Kankakee River were those that valued it as a
source of power. These individuals built dams and mills for processing grains and cut-
ting timber. Their mills were usually associated with the settlements along the river
(Houde and Klasey, 1968).

Long before the pioneer settlers arrived, the Kankakee River had been used as
a means of transportation. The advent of the railroad and the increasing demand for an
inexpensive means of transporting raw materials to the marketplace made riverboat
traffic increasingly popular. There were flatboats, sternwheelers, and steamboats. They
traveled upstream of Momence and into the marsh, carrying sightseers, hunters, and
cargo (Houde and Klasey, 1968; Morrison, 1976). They traveled downstream to Kanka-
kee and the railroad, or down to the Illinois and Michigan Canal and to Chicago with
their barges loaded with farm products (Houde and Klasey, 1968).

The Kankakee Company, formerly known as the Kankakee and Iroquois Naviga-
tion and Manufacturing Company, was formed around 1871 to increase and improve
riverboat traffic along the Kankakee River. It proposed to open the Kankakee and
Iroquois Rivers to boat traffic for 170 miles (70 miles in Indiana). The plan called for
building a series of locks and dams that would create a slack water navigational channel
with a minimum water depth of 5 feet to connect commercial traffic with the Illinois
and Michigan Canal and Chicago. The dams were also to be used to generate water
power (Kankakee Company, 1871). The only part of the river where this plan became
a reality was a 33-mile stretch upstream from the confluence with the Illinois River.
Later, most of these locks and dams were destroyed and never replaced (U.S. House of
Representatives, 1916).

The Kankakee River was also a source of recreation for the residents along the
river and for vacationers from Chicago. There was ice skating in the winter and swim-
ming, picnics, and boat rides in the summer (Houde and Klasey, 1968).

The 1870s marked the arrival of another business dependent upon the river for
its product: several companies were organized to harvest the ice that formed on the
river. The clear waters of the Kankakee, combined with the usually cold winters,
created a layer of clear ice that measured as much as 18 inches thick. At times, more
than 60,000 tons of this ice were harvested in a single season (Houde and Klasey, 1968).

The thick, clear ice that formed every winter was more than just a source of
profit for the ice companies. Every spring it became a potential source of destruction
and economic loss. Ice jams and flooding were common occurrences along the Kankakee
River. Early settlers' accounts suggest that during the early 1830s flooding that occur-
red near the city of Kankakee sent flood waters out to the lower end of the area where
the downtown is now located (Houde and Klasey, 1968). A series of severe floods oc-
curred in the 1850s, causing some flood stages to rise 18 to 20 feet above the low water
level near the mouth of the river (U.S. House of Representatives, 1931). In addition,
there are records that indicate that a series of ice jams and floods occurred between
1860 and 1890 that damaged or destroyed several bridges and buildings on the Kanka-
kee and twice flooded the town of Momence in two feet of water (Houde and Klasey,
1968).

The Grand Marsh created its own history. By the 1880s its reputation as a
"hunter's paradise"had spread to the East Coast and beyond. Presidents Grover Cleveland
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and Theodore Roosevelt hunted in the Grand Marsh. There was enough interest in the
area to cause sportsmen's clubs from New York, Boston, Philadelphia, Washington, and
Chicago to build hunting lodges there for their wealthy members. These lodges created
jobs and income for the local residents as guides and employees of the lodges (Morrison,
1976). The tens of thousands of waterfowl and other forms of wildlife were also har-
vested for the commercial markets of Chicago and New York (Mahoney, 1978).

Period of Channelization

Although people had been using the Kankakee River throughout the 1800s,
nothing had as great and irreversible an impact upon it as did the efforts of those who
wanted to drain the lowlands and the Grand Marsh.

The Grand Marsh was a distinct and natural ecosystem. An account of the area
by Meyer (1936) describes it best:

Marsh prairies of aquatic sedges and grasses, grazing areas; wild rice sloughs, scenes of count-
less wild geese and ducks; flag ponds, lined with muskrat homes; a narrow but almost unin-
terrupted swamp forest, full of game, rimming a meandering river teeming with fish; wet
prairies made humanly habitable by the interspersion of sandy island oak barrens, many of
them surmounting the highest flood waters — such was the general physical set-up of the
"natural" Kankakee.

Before channelization the Grand Marsh encompassed approximately 400,000
acres and ranged from 3 to 5 miles in width with a water depth of from 1 to 4 feet for
eight or nine months of the year. The marsh plane was only about 85 miles long, but
the river course was about 250 miles in length with an average slope of 5 to 6 inches
per mile. The nature of the marsh caused the Kankakee River to alter its course con-
tinuously, resulting in the formation of a variety of meanders, oxbow lakes, sloughs,
and bayous (Meyer, 1936; U.S. Department of Agriculture, 1909). Figure 5 shows the
nature of the Grand Marsh before channelization.

Attempts to drain these lands for improved agricultural use took many forms.
The early pioneer farmers drained small portions of land by digging ditches, first by
hand and later with the help of oxen and horses (Meyer, 1936). One of the earliest or-
ganized efforts to drain swampland was attempted in 1853 by the State of Indiana.
Their goal was to drain the 5 by 7 mile Beaver Lake, which was south of the Kankakee
River. The ditch they constructed to the river was not very successful in draining the
lake, which receded only 100 feet from its original shore. In 1874 this same ditch was
deepened by a wealthy landowner named Lemuel Milk, who succeeded in reducing the
lake area by only 0.25 square mile (Houde and Klasey, 1968).

During the 1860s the Illinois Central Railroad tried to drain portions of its land
that were in swampy areas, again with very little success (Houde and Klasey, 1968).
There appeared to be two factors limiting the successful drainage of the lands. First
was the lack of proper equipment for the effective and efficient digging of drainage
ditches. Closely related to this were the prohibitive costs of drainage work, due to in-
adequate technologies (House and Klasey, 1968).

By the mid-1880s legislation that provided for the formation of drainage dis-
tricts had been enacted. These districts were given the power to levy taxes for the
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financing of drainage work (Houde and Klasey, 1968). The invention of the steam
dredge, which allowed the digging of deep, wide drainage ditches, also helped overcome
the previous obstacles to draining the lands (Morrison, 1976). In Illinois and Indiana,
most of the drainage work could then be done under the authority of the various drain-
age districts. In 1866, Singleton Ditch in Indiana (figure 4) became one of the first to
be constructed under this new authority. Ackerman, Hayden, and Brown ditches were
also built around that time (Division of Waterways, 1954).

Again, this drainage work was only partially successful in reclaiming the swamp-
lands. It was thought that the key to adequate drainage was the lowering or removal
of the limestone rock ledge near Momence, Illinois (Morrison, 1976).

In 1878 and 1879 the U.S. Army Corps of Engineers conducted a survey of the
Kankakee River to analyze the improvement of the river for navigation. This work was
reported by Major Jared A. Smith, Corps of Engineers (U.S. House of Representatives,
1879; U.S. Senate, 1880). In reporting his findings, Smith made reference to two points
of interest. In his first report (U.S. House of Representatives, 1879) he stated that the
water was so clear that he was able to see fish swimming in the stream "as well as mi-
nute objects on the bottom in a depth of 5 feet. . ." He also commented that although
the rock ledge near Momence was considered "a great obstacle to the drainage of the
lands in Indiana," he believed that due to the greater than average slope of the river for
several miles above the rock ledge, the removal of this ledge "would accomplish little
or nothing for the drainage of lands so far above ..."

Major Smith's second report (U.S. Senate, 1880) seemed to favor the construc-
tion of a navigation channel to Momence. He indicated that there were several strong
objections to that idea as well as to the idea of rebuilding the dams at Momence for the
navigation project.

In 1882 the Indiana Legislature directed Professor John L. Campbell to survey
the Kankakee Valley from its source down to Momence to determine an effective
method of draining the marsh lands. Campbell suggested the following plan (U.S. House
of Representatives, 1916):

First, the construction of a better main channel than now exists for the flow of the river;
second, the straightening and deepening of the beds of the streams emptying into the main
stream; and third, the digging of a large number of lateral ditches through the swamps to the
improved channels.

In 1889 and 1891, the State of Indiana, convinced that the rock ledge was the
key to their drainage problems, appropriated a total of $65,000 for the widening and
deepening of the channel near Momence. This work, done in 1893, created a channel
8,649 feet long, 300 feet wide, and 2-Vi feet deep, and required the removal of 66,447
cubic yards of rock (U.S. Department of Agriculture, 1909; U.S. House of Representa-
tives, 1916 and 1931).

Upon completion of the work at Momence, various public and private groups
began to channelize the main river along its uppermost reaches. By 1906, 46 miles of
the main channel had been straightened, from its source near South Bend to the west
end of Starke County. The work was organized in the following manner: the first 7
miles were built by private landowners without the help of the Indiana drainage laws;
the next section, Miller ditch, was 7.75 miles in length; the third section, 5.5 miles long,
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was constructed by the Kankakee Improvement Company; the fourth section, 9.1 miles
long, was called the Place Ditch; the fifth section, constructed by the Kankakee River
Reclamation Company, was 16.7 miles long (figure 6). The channel had abottom width
of 8 feet at the upper end and 50 feet at the lower end (U.S. Department of Agriculture,
1909; U.S. House of Representatives, 1916 and 1931).

The U.S. Army Corps of Engineers (U.S. House of Representatives, 1916) re-
ported that the work done on the upper portion of the Kankakee River failed to accom-
plish its goals adequately and that it created some new problems downstream of the
work. The Corps suggested that 1) the design and implementation lacked a comprehen-
sive plan and the cooperation of the interested parties, 2) the resultant successful drain-
age of about one-third of the acreage did not necessarily justify the amount spent, and
3) the improved channel increased the rate of runoff so as to cause problems of in-
creased discharge and flooding downstream of the drainage works (also USDA, 1909).

It soon became apparent that the only solution to the newly created problems
downstream was to continue the straightening of the river. This, along with lateral
ditch construction, was expected to reclaim more lands for productive use.

As reported in 1916 (U.S. House of Representatives), the U.S. Army Corps of
Engineers concluded that the cooperation of the United States in the planned improve-
ments of the Kankakee River for drainage and flood protection could not be justified
in terms of the benefits to navigation. They did, however, discuss various plans to im-
prove drainage of the remainder of the upper valley. The Corps referred to the three
plans for improvement cited in U.S. Department of Agriculture Circular 80 (1909).
They agreed that the third plan, as detailed by the USDA, was the most favorable. This
plan called for the straightening and enlarging of the present channel from the conflu-
ence of the Yellow River to the rock ledge at Momence, without the construction of
levees to assist in the control of flow. The Corps also recommended an extensive survey
of the area to determine the cost and exact design of the channel. In addition to making
this proposal, the Corps stated its opinion that a comprehensive, coordinated plan
would need to be devised for this project to accomplish its goals.

It was noted in the Corps' report that the work had already begun in the area.
Marble Ditch was being constructed from the west line of Starke County to an area
about 7 miles east of the Illinois-Indiana state line. This channel was to follow the line
recommended by USDA Circular 80 (1909) and would result in the straightening and
deepening of the river. A continuation of Marble Ditch had been proposed to carry the
channelized flow to the state line. The only work planned for downstream from the
state line was the removal of more of the Momence rock ledge.

It was on this last part of the plan that the Corps received the most input from
private landowners. Most of them believed that the removal of the ledge at Momence
was important. The approval and cooperation of the State of Illinois was required, but
Illinois was not receptive. It was hoped that the United States would become involved
for the purpose of improving navigation and would use their authority to remove the
rock ledge. As was noted previously, the United States declined to participate because
the work proposed could not be justified for navigation purposes (U.S. House of Rep-
resentatives, 1916).
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Channelization of the upper reaches of the Grand Marsh (USDA, 1909)
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In Indiana, the channelization went ahead as planned and was completed in
1917. The old channel, 250 miles of meandering river, had been replaced by a straight-
ened, deepened channel 82 miles long, extending from near South Bend to the Illinois
state line (figures 6 and 7). Below this point, except for the work done at the rock
ledge at Momence in 1893, the river remained in its natural form. In Indiana, the aver-
age slope of the river had been changed from 0.45 foot per mile to 0.83 foot per mile.
The improved drainage affected nearly 400,000 acres of swamp and 600,000 acres of
marginal land at a cost of about $1.2 million (U.S. House of Representatives, 1916 and
1931).

The Grand Marsh had finally been "reclaimed." However, the accomplishment
was not greeted with enthusiasm by everyone. There was concern in Illinois about the
impact of the change on the downstream reaches of the river (Morrison, 1976). For
years many have questioned the wisdom of destroying this vast natural ecosystem. As
early as 1920, this was pointed out when Reed (1920) wrote:

Fields of corn and wheat stretch over the reclaimed acres, for the utilitarian has triumphed
over beauty and nature's providence for his wild creatures. The destruction of one of the
most valuable bird refuges on the continent has almost been completed, for the sake of im-
mediate wealth. The realization of this great economic wrong must be left to future genera-
tions.

Soon after the channelization was completed, it became apparent that the drain-
age problem had not been completely solved. Severe flooding still occurred east of the
Momence rock ledge, and the removal of additional rock was discussed. In 1927 the
Momence and Yellowhead Drainage District removed boulders that obstructed flow
from an area just upstream of the rock ledge (U.S. Army Corps of Engineers, 1979).
This was the only work done on the main channel. The focus of the work in the Kanka-
kee Basin after the channelization of 1917 was directed toward the construction of
levees to contain the flood water and toward the improvement of lateral ditches for in-
creased drainage (U.S. Army Corps, 1979).

There was one study done by the Corps of Engineers in 1931 that focused its
attention on the main channel. The purpose of this study (U.S. House of Representa-
tives, 1931) was to assess the benefits of any additional work done on the river for im-
proving navigation, flood control, power development, and irrigation. The Corps con-
cluded that the Federal Government could not justify its involvement in terms of mak-
ing improvements to benefit the areas reviewed.

The Corps did make recommendations for anyone interested in controlling
floods, reclaiming marshlands, and improving drainage. They first noted that most of
the drainage and severe flood problems occurred upstream of Momence. The suggested
improvements included: the rebuilding or lengthening of 14 bridges in Indiana that ob-
structed flow in the main channel and the floodplain, the construction of levees in
Indiana between Shelby Bridge and Baums Bridge, the enlarging of the channel through
Momence and the rock ledge, and the enlarging and improving of the main channel
for 58 miles upstream of Momence in order to benefit land in Indiana. The Corps
noted that the last two improvements would need to be done in combination or the
desired beneficial effect of improved drainage would not be achieved (U.S. House of
Representatives, 1931).

The analysis of the proposed improvements did not discuss the potential im-
pact, if any, upon the lower reaches of the river. The Corps did point out that the pre-
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Figure 7. Proposed channelization of the lower reaches of the Grand Marsh (USDA, 1909)

vious channelization in Indiana had increased the flow so that sand and silt were being
carried downstream into Illinois, depositing among trees, and creating numerous sand
bars in the river bed. The straightened channel in Indiana had little effect below

Momence because of the increased slope downstream (U.S. House of Representatives,
1931).

There appears to have been continued interest in the Kankakee River in the
mid-1900s. In 1941, the Corps of Engineers conducted a study (U.S. Army Corps of
Engineers, 1941) that reviewed the improvements that would be necessary to control
flooding along the Kankakee River. These improvements included lowering the rock
ledge at Momence, constructing a movable dam to maintain low flow levels, cleaning
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the river of sand bars, opening the outlets of sloughs, and enlarging and straightening
portions of the river from Momence to the state line.

The Corps analyzed these proposed improvements and concluded that the work
should not be done. It was estimated that the costs far exceeded any possible benefits.

While making their assessment, the Corps made note of two points of interest.
First, large quantities of sand had been deposited between the state line and Momence
due to channel erosion upstream. The increased silting had reduced low flow depths to
less than 1 foot between the state line and Momence. However, the rate of siltation be-
low the state line had since decreased. This, according to the Corps, indicated that the
straightened channel in Indiana was stabilizing (U.S. Army Corps of Engineers, 1941).

In addition, the report noted that the removal of the rock ledge at Momence
could have an adverse effect upon the river by increasing siltation downstream, although
no important damage was likely to occur. The Corps' unfavorable review resulted in
the abandonment of the proposed improvements.

In 1947, the Illinois Department of Transportation, Division of Water Resources,
investigated the possibility of replacing the collapsed dam at Aroma Park to restore the
recreational channel up to Momence (Kankakee River Basin Task Force, 1978). This
plan was never implemented.

In 1955, a move was also under way in Illinois to form the Momence Conser-
vancy District with the power to levy taxes and protect the river. Plans were made to
remove some of the sand from the river, but this goal was never realized because of a
lack of interest and funds (Morrison, 1976). Through the mid-1960s there appears to
be no record of any major studies to reduce flooding or improve drainage along the
main channel.

In 1967, the Illinois Department of Public Works and Buildings, Division of
Waterways, published a comprehensive report on the Kankakee River Basin in Illinois
(Division of Waterways, 1967). This study reviewed several areas, including water sup-
ply, water-oriented recreation, water quality control, flood damage control, and agricul-
tural drainage.

General recommendations and conclusions were made for all the areas reviewed.
In particular, it was suggested that the rock ledge through Momence be lowered, which
would serve two purposes: 1) it would increase the length of the recreational waterway,
and 2) the excavated channel would improve drainage and reduce flooding upstream of
Momence. It was noted that the channel work could not be economically justified for
the purpose of improved drainage and flood control.

The study also recommended that a lock and dam be constructed just upstream
of the confluence of Yellowhead-Singleton Ditch. The purpose of this dam was to
maintain the water level up to the state line at the same level as that before any excava-
tion had occurred downstream (Division of Waterways, 1967). Conservation and
environmental groups strongly objected to these proposals, and the project was sub-
sequently dropped from consideration (Kankakee River Basin Task Force, 1978).

By the mid-1970s, attention was again focused on the Kankakee River and the
drainage of its surrounding lands. The Indiana Department of Natural Resources, in co-
operation with the U.S. Soil Conservation Service, published a report on the Kankakee
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River Basin in 1976 (Indiana Department of Natural Resources, 1976). The report
identified the problems and needs of the basin, including land use and management for
agriculture, flooding, soil erosion, adequate drainage systems, increased land-based rec-
reational opportunities, and protection and maintenance of natural water areas and
prime wetlands.

Five alternative solutions were developed and presented. None of these alterna-
tive plans received the consensus approval of the public. A combination of the various
plans was formulated and presented as the "Suggested Plan," which contained 15 ele-
ments, including the following recommendations (from Indiana Department of Natural
Resources, 1976):

Channel work on 26 miles of the Kankakee River from Ind. Route 223 in St. Joseph County
to U.S. Route 30, and 49 miles of wide levees (with no channel work) along the Kankakee
River from U.S. Route 30 to U.S. Route 41, for flood prevention and drainage.

Channel work on 13 selected tributaries of the Kankakee River in Indiana for flood preven-
tion and drainage.

Accelerated land treatment program, which includes installation of conservation measures
to reduce erosion and adequately treat 426,400 acres.

Accelerated land treatment program, which includes installation of on-farm resource manage-
ment systems to adequately treat 247,500 acres of cropland for drainage.

Change of about 12,650 acres of erosion and drought hazard cropland to non-cropland for
reduction of erosion and sedimentation, and for adequate treatment of land within its capa-
bility (in addition to the land treatment program).

Protection of about 5,000 acres of existing classified wetland.

Amendment or adoption of flood plain zoning ordinances, building codes, and similar regu-
lations for all identified flood prone areas in the basin, and allowance of eligibility for flood
insurance.

In 1977, in response to continued flooding problems on the Kankakee River,
the Indiana General Assembly created a 24-member Kankakee River Basin Commission
to coordinate a comprehensive development plan for the basin. This commission was
given a small operating budget and had no authority to implement its plan (Kankakee
River Basin Task Force, 1978). The commission relied upon the Indiana report of
1976, and in particular used the "Suggested Plan" as a basis for formulating its plan
(U.S. Army Corps of Engineers, 1979; Mahoney, 1978).

Increased public concern in Illinois over the impact of the proposed work in In-
diana, as well as the creation of the commission in Indiana, prompted Illinois Governor
James R. Thompson to appoint the Illinois Kankakee River Basin Task Force in June
1977 (Kankakee River Basin Task Force, 1978).

The Illinois Task Force conducted public hearings to collect information from
the residents of the basin and reported its findings and recommendations based on in-
put from the hearings and technical information received from various state agencies
(Kankakee River Basin Task Force, 1978).

In general, the Task Force recommended that the State of Illinois "maintain
the Kankakee River as a low density recreation and scenic river" by keeping it "in the
most natural condition possible." The Task Force believed that Indiana's plan to man-
age the basin for improved agricultural drainage was in conflict with the policy goals of
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Illinois. The Task Force also warned that a cautious approach must be taken in any
plans to modify the Kankakee River in Illinois physically, due to the limited amount of
information available.

The Task Force made recommendations in 10 areas of interest, including sedi-
ment and sedimentation in the Kankakee River Basin, water quality, flooding and
flood control, natural areas, and outdoor recreation. The first area, sediment and sedi-
mentation, was of major concern to the citizens of the Kankakee River Basin. There
was special concern about the present and future impact of sediment in the Kankakee
River and about the effect of proposed work in Indiana on this problem.

The Task Force noted that there was a question of the magnitude and source of
the sediment problem in Illinois and that there was a need to better understand the
mechanism of sediment transport in the Kankakee River Basin. The Task Force recom-
mended that "the Illinois State Water Survey begin immediately to monitor sediment
and bed load movement at the state line and elsewhere in the Basin."

The Task Force also recommended that the State Water Survey analyze the
monitoring data and the hydrology of the Kankakee River system and "suggest alter-
native remedial strategies." Finally, the Task Force suggested that the State Water Sur-
vey receive input from citizens of the Kankakee Basin while making its investigation.

In summer 1978, the then Illinois Institute for Environmental Quality, which is
presently within the Illinois Institute of Natural Resources, funded the State Water
Survey for a 2-year research project on the Kankakee River. It was postulated that
basic data would be collected for a period of one year and that these data would then
be analyzed and the results reported to the public. This report summarizes the 2-year
study by the Water Survey.

DATA COLLECTION

Before the initiation of this study, it had been mentioned repeatedly that basic
data related to sediment load on the Kankakee River in Illinois were nonexistent and
that any future planning of the water resources of this river basin could not be made
intelligently if some basic information from the field was not gathered. The Governor's
Task Force on the Kankakee River (1978) recognized this and recommended the estab-
lishment of a basin-wide sediment and hydraulic monitoring data network. On the basis of
these recommendations and with assistance from citizens in the river basin, a monitor-
ing program was initiated in summer 1978. It was decided that the field data related to
water discharge and sediment in transport would be collected for a period of one year,
from October 1, 1978, through September 30, 1979, which coincided with the Water
Year concept of the U.S. Geological Survey. A description of the basin and the data
collection program is given below.

Drainage Basin

The drainage basin of the Kankakee River and the locations of some of its more
important gaging stations are depicted in figure 8. The total drainage area of the Kan-
kakee River at its mouth at the Illinois River is 5,165 square miles. The drainage area at
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Figure 8. Drainage basin of the Kankakee River and associated gaging stations

the Wilmington gage is 5,150 square miles, which is 99.7 percent of the total drainage
area of the Kankakee River. The drainage area of the Kankakee River at the Illinois-In-
diana state line is 1,920 square miles; The drainage area of the Singleton Ditch at the
[llinois-Indiana state line is 220 square miles, whereas the drainage area of the Kankakee
River at the Momence gaging station below its confluence with the Singleton Ditch is
2,294 square miles (Healy, 1979). Thus, about 93 percent of the drainage area at the
Momence gaging station is located in Indiana. Similarly, for the gaging station on the
Iroquois River at Iroquois, 95 percent of the drainage area is located in Indiana. The
geologic features of the drainage basin are discussed in a parallel study by the Illinois
State Geological Survey (Gross and Berg, 1980).

River Reconnaissance

Before the start of the study, it was decided that the researchers and field per-
sonnel should be made fully aware of the present conditions of the river. A total of six
trips were taken on the river for this purpose. Each trip covered only a part of the river,
ranging from a few miles to 30 miles or more at a time.

The first trip, sponsored by the Kankakee River Basin Commission of Indiana,
was taken on September 6-7, 1978, and covered approximately 60 miles of the river
from U.S. Highway 30 in Indiana to the Illinois-Indiana state line. During this trip no
data were collected. The second trip was taken on October 24-25, 1978, and the reach
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of the river from Highway 30 to Route 49 in Indiana was covered. During this trip, ex-
tensive bed and bank material samples were collected.

The third trip, taken on October 31-November 1, 1978, covered the river from
the Illinois-Indiana state line to the Kankakee River State Park in Illinois. The fourth
trip was taken on October 25-26, 1979, and covered the river from Indiana Route 49
to Momence, Illinois. During these two trips, extensive bed and bank material samples
were also collected.

The fifth trip was taken in Illinois on February 28, 1980, to observe the move-
ment of sand bars. The sixth trip was taken in Indiana on April 15, 1980, to observe
channel and levee conditions; it covered about 10 miles of the river upstream from the
Illinois state line.

All along the length of the river in Indiana, the bank materials consist mainly of
sand with some silt and clay. Trees and vegetation grow along the river, and as a result
the banks are very stable along most reaches. Such a stable segment of the river is shown
in figure 9a. However, whenever the banks are devoid of trees and vegetation the banks
are unstable and bank erosion is present. Such an unstable reach of the river is shown
in figure 9b.

It has been mentioned previously that the river in Indiana has been channelized.
However, along most reaches of the river in Indiana, the river looks remarkably like a
natural stream. Trees and vegetation are growing, and the river is very stable and basi-
cally clear of any extensive debris. Figures 10a and 10b contrast the channel configura-
tions above and below the State Line Bridge. In Indiana, the river follows a straight a-
lignment extending a few miles at a time, whereas in Illinois the river follows a mean-
dering pattern similar to the one shown in figure 10b.

During the trip taken in October 1979, it was noticed that at a few places in
Indiana the levees of some of the ditches had been repaired. Such a case is shown in
figure 11. Figure 11a shows the drainage ditch at its junction with the Kankakee River.
The photograph was taken from a boat on the Kankakee River. Figure 11b shows the
view of the ditch just around the bend shown in figure 1la. It is apparent that a flap
valve is controlling the flow from the drainage channel into the ditch shown in figure
11a. The levee has been repaired, and upon examination it was apparent that the dredged
materials were just dumped on top of the levee. It was the consensus of the investiga-
tors that before fall 1980 most of these dredged materials would have eroded and been
deposited in the ditch or would have moved downstream in the Kankakee River. The
river trip taken on April 15, 1980, supported this belief.

During all the trips, extensive field notes and many photographs were taken to
observe the pattern and changes in the river characteristics.

Types of Data

A thorough examination of the study goals convinced the researchers that a
critical analysis should be made before actual field data were collected. It was easy to
postulate that sediment data should be collected, and that the sediment discharge in a
stream is affected by the hydraulic characteristics of the river and by the type of sedi-
ment materials available for transport either from the watershed or from the stream
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a. Stable river

b. Bank erosion

Figure 9. Kankakee River in Indiana
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b. Looking downstream into !llinois

Figure 10. Kankakee River at the state line
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b. Just around the corner from (a)

Figure 11. Typical levee repair of a tributary drainage ditch



itself. Therefore, data related to sediment load, hydraulic characteristics of the stream,
and the type of sediment in the river had to be collected. In order to quantify the long-
term sediment load in a river, data must be collected for a substantial period of time,
ranging from 5 to 15 years or more. However, because of the 2-year time limit placed
on the research it was decided that data should be collected for only a single year.
Therefore, in reviewing the data, the analyses, and the conclusions ofthis report, read-
ers must remember that the data base is extremely short and that the conclusions and
interpretations must be judged accordingly.

Since one of the main objectives of the study was to monitor sediment load
from Indiana, it was decided that the gaging stations at Momence (above which 93 per-
cent of the drainage area is in Indiana) and at Iroquois (above which 95 percent of the
drainage area is in Indiana) would be the two main index stations. In addition to these
two stations, the gaging station near Wilmington would be considered as an index sta-
tion. About 99.7 percent of the drainage basin of the Kankakee River is above the Wil-
mington gage. A gaging station at Illinoi on the Singleton Ditch and a new station on
the Kankakee River at the State Line Bridge were to be sub-stations where data would
be collected less frequently. Just before the data collection program was initiated, fund-
ing became available from another source to collect data from the Chebanse gaging sta-
tion on the Iroquois River. The locations of these stations are indicated in figure 8.

The following types of data were collected from the index gaging stations
(Momence, Iroquois, Wilmington, and Chebanse):

1) Suspended sediment samples daily (more frequently during flood events)
2) Daily stage records

3) Detailed velocity distribution data about once a month

4) Bed material samples from the stream

From the Illinoi station on the Singleton Ditch and the State Line Bridge station
on the Kankakee River, the following types of data were collected:

1) Suspended sediment samples once every two weeks (more frequently during
flood stages)

2) Stage records

3) Detailed velocity distribution data during most field trips

4) Bed material samples

In addition to the above data, bed load samples were collected at the State Line
Bridge, Iroquois, and Chebanse stations, especially during flood stages.

Bed material samples from the main stem of the river from U.S. Highway 30 in
Indiana to the Kankakee River State Park in Illinois were also collected. Table 2 gives a
description of the gaging stations where data were collected.

Suspended Sediment Load

The suspended sediment samples were collected utilizing the standard procedure
given by Guy and Norman (1970). A Depth-Integrating Suspended Sediment Sampler,
the US DH-59, was used to collect the suspended sediment samples. This sampler works
on the principle that the sampled water is collected at the same rate as the velocity of
the surrounding stream. The sampler is lowered into the water at a constant rate to 3
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Table 2. Gaging Station Locations and Descriptions

. Average
Watershed Length of Average discharge Sediment
area record for discharge 1979 data
Location {sq mi) water discharge (cfs) (cfs) collection *
05518000 Kankakee River 1779 1924-Present 1580 1699 Af{1963)
at Shelby, IN .
05520000 Singleton Ditch at 220 1946-1977 179 C
llinoi, IL**
{abandoned 1977)
05520500 Kankakee River at 2294 1916-Present 1930 2171 B
Momence, IL
05524500 Iroquois River near 449 1950-Present 370 398 A(1968)
Foresman, IN
05525000 Iroquois River at 686 1945-Present 536 586. B
Iroquois
05526000  Iroquois River near 2091 1925-Present 1610 2144 B
Chebanse, IL '
05527500 Kankakee River near 5150 1916-Present 4090 5074 B

Wilmington, IL
Kankakee River at 1920 C
State Line Bridge**

*A = long term montbly sediment data available (year collection initiated)
B = daily sediment data available for year of study only
C = sediment data from temporary stations

** = stations temporarily monitored by SWS for one year

inches above the bed of the stream and then is withdrawn at a constant rate. The sample
is collected as long as the sampler is in the water and the water is moving. This sampler
works fairly well as long as the sampler is not lowered or retrieved at more than about
60 percent of the flow velocity. For all the index stations, one daily sample was normal-
ly collected near the center of the stream. However, once every six weeks and more fre-
quently during flood seasons, about 10 to 12 samples were collected across the width
of the stream in order to calibrate the sampling site at the center of the stream. This
detailed sampling was needed to find out whether or not the sample collected from the
centerline of the stream was measuring an average suspended sediment concentration
of the stream at that particular station. The detailed samples are often used to adjust
the daily samples to reflect an average concentration in the stream cross section. For
detailed methodology, the reader is referred to the publication by Guy and Norman
(1970).

Similarly, suspended sediment samples were collected from the gaging stations
at Illinoi and the State Line Bridge.

Bed Load

The bed load carried by a stream can be determined either by measuring the
sediment moving near the bed or by monitoring the movement of bed forms such as
sand bars.
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A review of available instrumentation for bed load measurement indicated that
basically one field instrument is available for measuring the bed load (Hubbell, 1964;
Helley and Smith, 1971). This is an experimental bed load sampler called the Helley-
Smith Bed Load Sampler; its development and limitations are given by Helley and
Smith (1971). This sampler was designed for sampling coarse materials where the diam-
eter of the bed materials varies from 2 to 10 mm and the flow velocity ranges up to 10
feet per second. The mesh opening of the collection bag is 0.25 mm; therefore, when
the median diameter of the bed materials is less than 0.25 mm, the mesh may get clog-
ged or some of the bed load collected inside the bag may pass through. Figure 12 shows
a photograph of this sampler hanging from a 3-wheel base on the deck of a bridge.

The Helley-Smith sampler was used to collect bed load samples from three sites:
the Kankakee River at the State Line Bridge, Iroquois River at Iroquois, and Iroquois
River near Chebanse. Many attempts were made to collect samples from the Iroquois
River near Chebanse and at Iroquois, but no substantial amount of samples was ever
collected. However, quite a few samples were collected at the State Line Bridge station.
During high flows, a considerable amount of fine sand was observed to be moving at
this station.

Bed Materials

Bed material in any river is the material that is found on the bed of the river.
Depending on the hydraulic characteristics of the river, some sorting of these materials
may occur over a period of time. Quantification of the bed materials is needed to eval-
uate the hydraulic and sediment transport characteristics of the river.

Bed material samples were collected from the main stem of the Kankakee River
from U.S. Highway 30 in Indiana through the Kankakee River State Park in Illinois.
Most of these samples were collected during two boat trips taken down the river in
October-November 1978 and October 1979. Two separate methods were used to col-
lect these samples.Whenever the depth of water was less than about 2 feet and flow
velocity was low, an ordinary shovel was used to collect the samples. If field personnel
are very careful, an almost undisturbed sample can be collected by this method. Figure
13a shows a sample collected by a shovel.

The other method involved the use of a standard U.S. Geological Survey sampler
called the US BMH-60. The operating procedure and the description of this equipment
are given by Guy and Norman (1970). This sampler worked out exceedingly well in
collecting the bed material samples from the bed of the Kankakee and Iroquois Rivers.
Figure 13b shows a sample collected by this sampler.

Bed material samples also were collected at the gaging stations and in special
areas such as the Six Mile Pool, a few places on the Iroquois River, and a few sand bars
in Illinois. Some bank material samples from the river in Indiana were also collected by
scraping the materials from the top layer of the bank.

Table 3 provides a summary of the data collected from the river. The suspended
sediment samples for Momence, Iroquois, Chebanse, and Wilmington were collected by
the U.S. Geological Survey. Data from other stations were collected by the Water Survey.
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Figure 12. Helley-Smith Bed Load Sampler

Sand Bar Monitoring

While traveling the Kankakee River by boat, investigators observed that there
were a number of sand deposits or sand bars in the river in Illinois, some of which ex-
tended from a few hundred feet to about one mile long. Although quantification of
these sand bars was not one of the objectives of the present project, a decision was
made to survey a few of these sand bars and monitor them for a period of time to ob-
serve and document their movement. Figure 14 shows the locations of the major open
river sand bars in Illinois. Sand bars 2, 3, and 4 and the one near the state line were sur-
veyed in detail to develop contour maps. Table 4 indicates the dates when the various
sand bars were surveyed. Contour maps of these sand bars and the adjoining river bed
were developed. Figure 15 shows two sand bars, one near Koops Island (figure 14) and
the other one in the Six Mile Pool in Illinois.

The sand bar shown near the state line (figure 14) initially was observed during
the regular data collection trip in July 1979. Since this sand bar was observed to be
moving rapidly in the downstream direction, it was decided to monitor it very closely.
The downstream progression of the bar was monitored quite frequently, and it was ob-
served that the bar was moving at the rate of about 1.5 feet per day. Detailed hydro-
graphic maps of this sand bar were developed for two times in 1979. Other hydraulic
data, such as flow velocity, water surface slope, and the pattern of bed material distri-
bution in the front and rear of this bar also were collected.

Hydraulic Data

The hydraulic data collected for this project basically consist of velocity distri-
bution data, collected at various gaging stations to determine the discharge at those

37



b. Sample collected by US BMH-60

Figure 13. Bed material sample collection
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Table 3. Summary of Sediment Samples Collected

Suspended sediment
Bed Bank Water US Geological Bed
Station material" material® Survey Survey Total load
Kankakee River-
Indiana 134 20
Kankakee River-
linois 52
Kankakee River-
Six Mile Pool 45
All Sand Bar
Samples 20
Iroquois River-
Illinois 3
Kankakee River-
Wilmington 270 270
Kankakee River-
Momence 11 298 309
Iroquois River-
Chebanse 9 323 323 60
Iroquois River-
Iroquois 5 306 306 40
Kankakee River- .
State Line Bridge 19 74 74 77
Singleton Ditch-
Nllinoi 5 74 ) 74

! Total number of documented samples
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Figure 14. Locations of major open river sand bars in lllinois
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Table 4. Sand Bar Surveying

Sand bar name/number ) Dates Contmment
State Line July 25, 1979 Dertailed survey
Stare Line Nov. 5-6, 1979 Detailed survey
2 - Sept. 18-20, 1979 Detailed survey
3 Aug. 29-30, 1979 Derailed survey
4 Oct. 3-16, 1979 Dretailed survey

locations, and water surface slopes at a few locations. The discharge data collected at
the State Line Bridge and at Illinoi on the Singleton Ditch were used to develop stage
discharge relationships for those locations.

Detailed velocity distribution data at several cross sections were collected near
the State Line Bridge so that the mechanics of movement of the sand bar near the
bridge could be investigated in detail. All the velocity data were collected following the
procedure given by Buchanan and Somers (1969).

Water surface slope data were collected for the gaging station at Illinoi on the
Singleton Ditch, Chebanse and Iroquois on the Iroquois River, and Wilmington and
Momence on the Kankakee River.

ANALYSES OF DATA

The data analyzed for the present investigation consisted of historical data
and field data collected in water year 1979. Some of the data analyzed were collected
by other state and federal agencies. The analyses of the data are divided into two
broad areas: an analysis of the data collected before water year 1979, and an analysis
of the data collected specifically for the present project in water year 1979.

Background Analyses

Flow Duration

It is important to analyze the historical data for a gaging station to determine
the characteristics of the flow of the station. Flow duration analysis is an analysis that
can be made to get an indication of the percentage of time that any particular flow is
equaled or exceeded. The techniques of determining flow duration are given by Searcy
(1959).

Flow duration curves for gaging stations at Shelby (1929-1977), Foresman
(1950-1977), Momence (1916-1977), Singleton Ditch at Illinoi (1946-1977), Iroquois
(1945-1977), Chebanse (1926-1977), and Wilmington (1916-1977) have been developed
and are provided in figure 16. The average flow for the period of record and (except
for Singleton) for water year 1979 are also shown for each station.

Flow duration curves show the amount of flow that is present at a location for
a certain duration in a year. In the case of flows of shorter duration — that is, flood dis-
charges — the flow duration curve at a station becomes a good indication of the amount
of drainage area that is contributing flow to the station. Within the same drainage basin,
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a. Sand bar near Koops Island

b. Sand bar in the Six Mile Pool

Figure 15. Sand bars in lllinois
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Flow-duration curves of mean daily flows at different gaging stations
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with an increase in drainage area, the contributing flow at a station will increase. Low
flows may not react exactly the same way. This is evidenced in figure 16. Seepage,
storage in the floodplain, swamps, and other factors will change the low flow charac-
teristics of the basin. In the Kankakee River System, although the drainage areas at
Shelby, Momence, and Wilmington are completely different, the low flows at these sta-
tions are almost identical at about the 95 to 99 percent levels.

The average flows shown for the period of record for all the stations indicate
that these are not too far from the median flow, defined as the flow that is exceeded
only 50 percent of the time. When we consider the average discharges for the 1979
water year for all the stations (table 2), it is obvious that the 1979 water year can be
considered an average year for Momence and Iroquois but a wet year for Chebanse and
Wilmington.

Peak Flow

Before and during the present project, it was mentioned by local residents and
others that the peak flows in the river basin have changed with time. The peak flow is
defined as the instantaneous maximum flow that may occur in a stream at a certain sec-
tion over a year; it is not the total quantity or volume of water that passes during a cer-
tain length of time such as a week or a month.

The peak flows at any gaging station can increase because of a number of man-
made or natural factors. Increased precipitation in the basin, clearing of natural cover,
heavy urban development, decrease in the natural infiltration rate, changes in the river
regime, and other factors can change the peak flows in a natural stream. Some of the
factors in the Kankakee River Basin that have affected peak flows are land use changes,
agricultural usage, and channelization of the river in Indiana.

The annual peak flows for the period of record for Shelby, Momence, Iroquois,
Chebanse, and Wilmington have been analyzed. Figure 17 shows the relationship be-
tween annual peak flows versus time for Shelby for the period 1923 to 1979. The 3-
year moving average is also shown. To generate the 3-year moving average values, the
peak flows from any 3 consecutive years are added, an arithmetic average value is com-
puted, and this average value is taken to be the flow for the middle year. Then the flow
from the following year is taken, the first year is dropped, and an average flow for
these three years is computed. This process is continued until 3-year moving average
values have been calculated for the period of record. The 3-year moving average meth-
od is a standard statistical technique used to smooth out sharp peaks and valleys in sta-
tistical data; it is also used to identify any trend in the historical data. If a trend is iden-
tified, it can be used for other statistical analyses.

An examination of figure 17 shows that a trend toward increasing average peak
flows exists from about 1931 through 1979 but that the highest peaks over the period
of record have shown a steady decrease. A regression line fitted to the data from 1931
through 1979 is shown in figure 17. The regression equation is given by equation 29.

Qp = 3448 +27.3T (29)

where Qp is the peak flow in cfs and T is the time in years. The value of T is zero for
the year 1931 and 48 for the year 1979. When the regression line is fitted for the data
for the period of record, the coefficient of T becomes 12.4 rather than 27.3 as shown
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Figure 17. Annual peak flow versus time in years for Shelby, Indiana

in equation 29. Therefore, even if the data for the period of record are taken, there still
exists an increasing trend in the peak flows at this location.

Figure 18 shows the relationship between peak flows and time in years for the
gaging station at Momence. The peak flows from 1915 through 1930 varied between
high peaks and low valleys without any noticeable trend. However, the data from 1931
through 1979 show a trend toward increasingly higher peaks, with the highest peak
flow occurring in 1979. The 3-year moving averages smooth out the sharp peaks, but
the trend is unmistakable. A regression line fitted to the data from 1931 through 1979
is shown in this figure. The regression equation is given by equation 30.

Q, = 4224+ 89.9T (30)

If the data from 1915 through 1979 are used to develop the regression line, then the
coefficient T changes to 36.9. This indicates that even if the data from the period of
record are considered, there still exists an upward trend of the peak flows at this loca-
tion. The coefficient of T is the numerical value of the average annual increase in the

44



ANNUAL PEAK FLOW (x 1000}, cfs

12 | 1 T T T T ,
- 3-YEAR MOVING AVERAGE
HISTORIC DATA
10~ Q, = (5283 + 36.9T)cfs 7
(1915 - 1979)
r=0.32
\ .f’
8 R ! ~
/ .
Al , |
- ]i A
s .|’ ! | 'V’ \ E _]
i ‘N’
I ) '
\/
Q, AVG = 6511 cfs
4 Q, = (4224 + 89.9T}cfs =
(1931 - 1979)
r = 0.47
2 | i I i | i
1910 1920 1830 1940 1950 1960 1970 1980

YEAR

Figure 18. Annual peak flow versus time in years for the Kankakee River at Momence

peak flow at this station. The slope of the regression line is greater than zero, indicating
an upward trend.

The physical constraint tells us that this trend cannot continue indefinitely.
Either the peak flow will level off and follow a stochastic time series, or in some future
time it will start a downward trend, indicating that presently we are observing a periodic
series where the series may be at or near its highest peak. This observation may be
proved or disproved by the data gathered in the next 30 to 40 years, but there is no
doubt that right now there is an upward trend in the peak flows at the Momence gaging
station.

Figure 19 shows the relationship between peak flows and time in years for the
Iroquois gaging station on the Iroquois River. The period covered did not show any
specific trend. Data analyzed from the gaging stations at Foresman, Chebanse, and
Illinoi also indicated a similar variability without any upward or downward trend over
the period of record.

An analysis was also made for the peak flows for the Wilmington gaging station.
Data were available from 1915 to 1979. Figure 20 shows the relationship between peak
flows and time in years. An examination of this illustration indicates that in all proba-
bility something happened in the early 1940s that changed the magnitudes of peak

45



12 o | I

10— HISTORIC DATA _
&
Q 8 ___ —
=)
8
= A
x 3-YEAR MOVING AVERAGES V
3 5~ | T
[TH 1 ¥
4 Ju
E : .
El [
.5
%E 41— T )p5?
[ t v N
i .
i !
\ N
2= —
Qp AVG = 3825 cfs
| (1945-1979)
0 | 1 |
1940 1950 1960 1970 1980
YEAR

Figure 19. Annual peak flow versus time in years for the Iroqouis River at Iroquois
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Figure 20. Annual peak flow versus time in years for the Kankakee River at Wilmington

flows at this location. A change in gaging station locations that occurred around this
time might account for this change. It appears that there was a jump in the peak flows
around 1941. If we subtract this jump from all the individual peak flows after 1941, the
variation of the peak-flow plot from 1915 through 1979 indicates that this distribution
is similar to a statistical distribution of long-term flows. The 3-year moving average and
the average peak flows for various periods are also given in figure 20. Except for the
jump in the early 1940s, no trend is visible from these data.

It has been shown that a trend exists at the Momence gaging station. The aver-
age peak flow at Momence is about 27 percent of the average peak flow at Wilmington.
It appears that the peak flow trend present at Momence has a minimal effect, or no ef-
fect, on peak flows at the Wilmington gaging station. Apparently, by the time the peak
flow from Momence travels to Wilmington, it is modified, truncated, and dampened by
the flow from the Iroquois River and the pools behind the dams at Kankakee and Wil-
mington.

The above analyses indicate that there are certain trends in the peak flows at
the Shelby and Momence gaging stations. For the other gaging stations, no discernible
trends could be identified. To see whether or not similar trends are also present for the
long term average flows and low flows, similar analyses have been performed; the results
are given in the following paragraphs.
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Figure 21. Average annual flow versus time in years for Momence

Average Discharge

Figure 21 shows the average annual flow versus time in years for the Momence
gaging station for the period 1916 through 1979. The 3-year moving average is also
shown in this figure. The regression line based on data from 1931 through 1979 indi-
cates that there exists an upward trend in the average flows during this period. The re-
gression line is given by equation 31.

Qs = 1543 +16.5T (31)
where Q, is the average annual flow and T is the time in years.

The trend shown here may have resulted from some long-term change in the
watershed that may stabilize at some discharges in the near future or may even show a
downward trend. Physical constraints may ultimately limit such an increasing trend.
To resolve whether or not a trend is present for an indefinite period of time would re-
quire collecting data for the next 15 to 20 years.

Plots similar to figure 21 were also developed for the gaging stations at Shelby
and Foresman in Indiana, and at Iroquois and Chebanse in Illinois. No trend was ap-
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Figure 22. Average annual flow versus time in years for Wilmington

parent in any of the four plots. The average discharge appeared to be changing between
low and high values but showed no upward or downward trend.

The relationship between average annual flow and time for the Wilmington
gaging station is shown in figure 22. It is quite apparent that a definite trend of increas-
ingly higher average flows started sometime in the 1930s and is still continuing. The
regression line is represented by equation 32.

Qa = 3065 + 38.0T (32)

The slope of the trend line is positive and is equal to 38.0, showing that the average dis-
charge at the Wilmington station had increased by 38.0 cfs every year since 1931. When
the trend line is fitted for the data from 1916 through 1979, the coefficient of T be-
comes 26.3.
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At this point it will be interesting and useful to make an analysis to see whether
or not any similarities or dissimilarities exist in the trends of the peak and average flows
at various locations. One of the simplest and easiest methods is to make all the coefi'
cients of T in all the regression equations dimensionless by using a common base. The
average peak discharge and the average of the average annual discharges are taken to be
such common bases.

The general form of equations 29 and 30 can be taken as
Q =aT+b (33)

where a and b are coefficients. Similarly, equations 31 and 32 can be replaced by equa-
tion 34.

Q=2 T+b, (34)
where a; and b; are coefficients.

Table 5 shows the dimensionless ratio of a /C_ZP and a, /Q,4 , where QP is the
average of peak flows and Q4 is the mean of average annual discharges. Data considered
are from 1931 through 1979. It is obvious that for the average discharges for the Momence
and Wilmington gaging stations, the trend (a, /Q4 ) is approximately identical. With
regard to the peak flows at Shelby and Momence, the value of a/C_IP at Momence is high-
er than that at Shelby. This may indicate that the peak flows at Momence are increas-
ing at a faster rate than those at Shelby. The significant amount of flow contributed
by Singleton Ditch at the Momence station may account for this dissimilarity.

Low Flow

Identification of trends in the peak and average flows at Momence and Wilming-
ton leads to further analyses of discharges at these and other gaging stations to deter-
mine whether any trends exist for low flows. Low flows are important for recreation,
public water supplies, and maintenance of biological habitats. One ofthe standard terms
for low flows that is used for stream flow analysis is the 7-day low flow at a location in
a stream. The 7-day low flow in any year is the average low flow that exists in a consec-
utive 7-day period. Such flows were analyzed to investigate the existence or nonexis-
tence of trends in low flows.

Figure 23 shows a plot of 7-day low flows for Momence from 1916 through
1979. The 3-year moving average is also shown. An examination of this illustration
shows that no trend is present in the low flows at this location. The low flows have
changed around a mean over the years, but neither an upward nor a downward trend is
visible.

Table 5. Comparison of the Regression Coefficient
in Equations (p = aT + b and
Qp =a, T+b, for the Period 1931-1979

Peak flows Average flow
Gaging stations a/Op a/Qa
Shelby 0.0066
Momence 0.011 0.0086
Wilmington 0.00%96

50



1200 ] T | [ [ i
HISTORIC DATA
1000
@ 3-YEAR MOVING
5 AVERAGE
£ 800
S
~ |0 AveRrace =
S 604 cfs !
—J 1]
. 600 -
g -
~
400 =
l | ! | | |

200
1910 1920 1930 1940 1950 1960 1970 1980
YEAR

Figure 23. 7-day low flows for Momence

The 7-day low flows for Chebanse from 1925 through 1978 are shown in figure
24. Up to the late 1960s the low flows followed a somewhat random variation with no
apparent trend. However, for a period of a few years from the late 1960s through the
early 1970s, the 7-day low flows increased significantly. Similar variabilities were ob-
served for the low flow data from the Foresman and Iroquois stations. These three sta-
tions are on the Iroquois River, suggesting that something happened on the Iroquois
River during this period of time that contributed toward this sustained increase in low
flows.

The sudden increase in low flows at Foresman, Iroquois, and Chebanse for the
period of the late 1960s through the early 1970s did not persist downstream on the
river at Wilmington. Figure 25 shows the variability of 7-day low flows for the Wil-
mington gaging station. Although there are some high peaks and low valleys, in general
the low flows did not show an upward or a downward trend over the years.

The analyses presented so far indicate that there are trends in the peak flows at
Shelby and Momence, and in average flows at Momence and Wilmington. On the aver-
age no trend is persistent for low flows at any station. The trends present at Momence
for average and peak flows indicate that something must have happened in the water-
shed over the years that is responsible for this change in the flow regime. The change in
the precipitation intensity, channelization of the stream, increased urban development,
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Figure 24. 7-day low flows for Chebanse

increased and efficient drainage from the watershed, change in agricultural patterns,
and reduction in forest cover are some of the factors that may have contributed to this
apparent increasing trend in average and peak flows at Momence. To see whether or
not the total precipitation over the whole watershed has increased over the years, an
analysis of the annual precipitation has been made.

Precipitation Analysis

It has been mentioned that one of the reasons flow at a location in a stream can
show a general increasing trend is that precipitation has increased on the watershed.
Since the Kankakee River extends over a large area both in Illinois and Indiana, an
analysis was made of the long-term precipitation record over the watershed. One of the
methods that can be used to estimate the precipitation over an area is called the isohyetal
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Figure 25. 7-day low flows for Wilmington

method. The precipitation at various locations over an area is plotted on a map, lines of
equal average precipitation (isohyetal lines) are drawn, inclusive areas over all the iso-

hyetal lines are measured, and an average weighted precipitation over the area is deter-
mined (Linsley et al., 1958).

Figure 26 shows an isohyetal map developed for the Kankakee River drainage
basin for calendar year 1976, which indicates that the northeastern corner of the basin
was subjected to higher precipitation than were other areas of the basin. The drainage
area above the isohyetal line of 38 inches near the northeastern part of the drainage
basin makes up approximately 25 percent of the drainage area at Momence.

Isohyetal maps developed for 1954 and 1967 also show a relatively higher con-
centration of precipitation near the northeastern part of the drainage basin. Thus for
about 20 to 25 percent of the drainage area for the Momence gaging station, runoff
from the watershed may be relatively higher than for the other areas.
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Figure 26. Isohyetal map for calendar year 1976

Average precipitation determined for a station based on isohyetal maps is rela-
tively accurate provided the isohyetal lines are drawn based not only on the precipita-
tion at a location but also on the relief features of the basin. Since this is a relatively
difficult task to accomplish, a simpler method called the Thiessen Method is normally
used to compute the average precipitation over an area (Linsley et al., 1958).

Figure 27 shows the Thiessen polygon for the Kankakee River Basin and in-
dicates the stations for which precipitation data were collected. The precipitation for
each of the stations was assumed to be the same for the polygonal area surrounding the
specific station. The methodology given by Linsley et al. (1958) was used to compute
average annual precipitation above two gaging stations — Momence and Iroquois. For
the Wilmington station, the precipitation was computed for the drainage area between
the Momence, Iroquois, and Wilmington stations. The average precipitation computed
from isohyetal maps and that computed from the Thiessen polygon were compared.
Table 6 shows such a comparison for three typical years. Since the average precipitation
as estimated by the two methods did not differ significantly for these three specific
years, it is reasonable to assume that the average precipitation computed by the Thiessen
Method should yield a very reasonable estimate of the precipitation over the entire
watershed.
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Figure 27. Thiessen polygon for the Kankakee River Basin

Table 6. Average Precipitation Estimated from
Isohyetal Maps and Thiessen Polygon

Average precipitation (inches)

Station Year Isobyetal Thiessen
Momence 1954 49.21 50.66
Iroquaois 1954 35.89 36.41
Wilmington 1954 36.70 34.92
Momence 1967 38.40 39.12
Iroquois 1967 39.90 40.11
Wilmington 1967 37.50 38.62
Momence 1976 37.65 3791
[roquois 1976 34.00 34.87
Wilmington 1976 33.02 33.73
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Figure 28. Variability of average precipitation upstream of the Momence gaging station

Figure 28 shows the relationship between the average annual precipitation and
time in years for the watershed upstream of the Momence gaging station. It appears
that the average annual precipitation did not show any increasing or decreasing trend.
A similar correlation was observed for the area above the Iroquois gaging station.

Figure 29 shows the relationship between the average annual precipitation and
time in years for the area upstream of the Wilmington gaging station. Here also, no sig-
nificant trend in the precipitation is noticeable.

This analysis indicates that there are concentrations of increased precipitation
in some local areas (figure 26) but that on the average and over the whole watershed
this trend may not be significant.

Cross-Sectional Data

The Illinois Division of Water Resources (DOWR) collected and analyzed a set
of cross-sectional data from the Kankakee River for 1966-1967 and 1977-1978, after
which the raw data and the associated analyses were made available to the Water Survey.
A further analysis of these data was made, and the results are presented here.
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Figure 29. Variability of average precipitation upstream of the Wilmington gaging station

Figure 30 shows the locations of the cross sections where sounding data were
collected by the DOWR. Data for both time periods were collected from the same spe-
cific cross sections. Sounding data were collected from about 90 cross sections and
were analyzed to identify any variability in the cross-sectional areas and bottom eleva-
tions of the Kankakee and Iroquois Rivers.

Figure 31 shows the variability of bottom elevations of the Kankakee River
from the Kankakee Dam to Momence. The 1959 data, for just upstream of the Kanka-
kee Dam, were collected by the Chicago District Office of the U.S. Army Corps of En-
gineers. The discontinuity in slopes on the bottom-elevation lines indicates the loca-
tions where sounding data were collected. This analysis indicates that both erosion and
deposition occurred over the 10 to 12 years between the periods sounding data were
collected. For the analysis, the bottom elevations of the river between two adjacent
cross sections for any specific set of data were joined by a straight line. It is assumed
that the change in bed configurations between any two cross sections is determined by
the data from those two cross sections. Although this is a standard analysis for these
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Figure 30. Locations of Kankakee River cross sections for sounding data collection (after DOWR)

types of data, errors may occur, since between any two cross sections, some changes
that might have occurred during the intervening years are neglected.

Figure 32 shows the differences in cross-sectional areas below a water surface
elevation of about 596 feet above mean sea level for the Iroquois River. Data are shown
for 1958 and 1977. This illustration indicates that, within the last 20 years, an 0.75-
mile segment of the Iroquois River, just upstream of its junction with the Kankakee
River, has had some deposition of sediment. Upstream of this area, the river has been
either eroding or depositing in an alternating pattern. The pattern of deposition of sedi-
ment near its mouth indicates that the river is behaving similarly to a stream whose
velocity is suddenly reduced, forcing it to drop its sediment load, as if the stream is
entering a man-made lake. This is the effect of the Six Mile Pool, which acts as a
deterrent to the normal behavior of the natural stream at or near its confluence.

An analysis was performed to investigate the changes in cross-sectional areas of
the Kankakee River between 1967-1968 and 1977-1978. These changes are shown as
bar graphs in figure 33. For the first 6-7 miles upstream of the junction with the
Iroquois River, the Kankakee River had both deposition and erosion along its path.
However, for the next 6-7 miles, the river had more deposition than erosion.

58



ELEVATION IN FEET ABOVE MSL

ELEVATION IN FEET ABOYE MSL

605 T T T T 610 T T T T
TS JUNCTION WITH THE IROQUGLS RIVER
600 - : - 605 .
595 < 600
590 | 1978 595
ﬁnxme DAM
585~ 590
1978 . |
580 : L I i 585 1 I
33 11 35 36 37 38 39 40 41
RIVER MILE RIVER MILE
61517 T T T ! 625 T [‘“H T |
sior . A MOMENCE GAGING STATION 7
605 615

600

610

595 605 AVERAGE BOTTOM ELEVATION
590 LL ' 1 ! 1 | 00Ul | ! |
4z 43 44 45 46 47 48 49 50 51
RIVER MILE RIVER MILE

Figure 31. Variability of average bottom elevations

of the Kankakee River from the Kankakee Dam to River Mile 51.0, based on DOWR data
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The changes shown in figure 3 3 can occur either on the bed or on both the bed
and banks of the river. If the banks are fairly stable, then the changes in cross-sectional
areas can occur only on the bed of the river. Figure 34 shows a plot of the differences
of the top widths of the river at the bankfull stage. AWy is the change in top widths,
and Wt (1968) and Wt (1978) are the top widths that were measured in 1968 and
1978, respectively. Except for a segment of the river within the Six Mile Pool, the
changes in top widths of the Kankakee River over a period of about 10 years were
minimal. Thus any changes in the cross-sectional areas of the Kankakee River must
have occurred on the bed of the river.

The analysis presented so far indicates that the Kankakee River is a dynamic
river. Changes on the bed of the river have been occurring and will continue to occur.
In some areas the river will erode its bed of erodible materials and in other areas it will
deposit. This pattern will possibly continue for the foreseeable future.

Present Data Analyses

Bed and Bank Materials

Approximately 375 bed and bank material samples were collected along the
Kankakee River and were analyzed to characterize the particle size distribution of the
bed materials and its effect on the sediment transport characteristics of the river. These
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samples were also analyzed to identify any changes or variability of the bed materials
along the Kankakee River. All the samples were dried, and a standard sieve analysis was
performed to determine their particle size distribution.

Appendix A shows the particle size characteristics of the bed materials collected
from the Kankakee River. The terms dis, dso, d¢s ,anddes indicate the equivalent par-
ticle diameters for which 35, 50, 65, and 95 percent, respectively, of the particles are
finer in diameter. The term o is the standard deviation of the particle size distribution
and is defined by equation 35.

0 = % [(dss.; /dso) + (dso /d5.5)] (35)

where dg41 and d;s¢ also indicate the equivalent particle diameters for which 84.1 and
15.9 percent, respectively, of the particles are finer in diameter. The term U in Appendix
A represents the uniformity coefficient, which is computed by equation 36.

U = dﬁof(dm (36)
Here d¢o and d,o have similar meanings to those of d3s, ds, etc.

The values of ¢ and U indicate the presence or absence of uniformity in the
particle size distribution. For uniform particles, the values of a and U should be close
to unity, while for well-graded particles, the values of ¢ and U are higher than unity.
Most of the bed materials along the Kankakee River are fairly uniform, as can be deter-
mined by inspection of the numerical values of ¢ and U in Appendix A.

A frequency analysis of the dso sizes of the bed materials should show the vari-
ability of the bed materials along the Kankakee River. Figure 35 shows such an analysis
of the bed materials, excluding those from the Six Mile Pool and sand bars. A total of
281 samples were analyzed. This illustration indicates that the median diameters of
136 of the samples are in the range of 0.3 to 0.4 mm, the median diameters of about
221 samples are between 0.2 and 0.4 mm, and almost all the bed materials have their
median diameters in the range of 0.1 to 0.4. As will be seen in a subsequent illustration
(figure 37), this range of median diameters places all these materials in the range of fine
to medium sand. Thus, for all practical purposes, it can be assumed that the bed ma-
terials of the Kankakee River, except in areas of rocky bed, are composed of fine to
medium sands. This point is further amplified in the next illustration.

The changing patterns of the dsy sizes of the bed materials along the centerline
of the Kankakee River are shown in figure 36. As can be seen, the dsy sizes of the ma-
jority of the bed materials are close to 0.35 mm, and no increasing or decreasing trend
is present. Therefore, based on this analysis, it appears that it would be very hard to
identify the origin or location of any particular sand particle on the bed of the river.

Figure 37 shows the plots of particle size distributions of some of the selected
bed material samples along the centerline of the Kankakee River from U.S. Highway 30
in Indiana to the Six Mile Pool in Illinois. These plots indicate that there is not much
variability between the patterns of particle size distributions from Indiana to Illinois.
The shapes of the plots are similar, and the particles are basically uniform, ranging in
size from medium to fine sands. This is true for samples taken from the bed of the river
(figure 37), from the Six Mile Pool (figure 38a and Appendix B), and from sand
bars (figure 38b). This shows that the bed of the Kankakee River is composed of sand,
except in some segments in Illinois where the bed is covered with rocky materials.
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An attempt was made to analyze the deposited sand from sand bars in Illinois
for particle size distribution. Core samples extending up to 2 feet in length were col-
lected. Particle size distributions of samples from different depths were made. Figure
39 shows the particle size distribution of four samples (0 to 0.5 ft, 0.5 to 1.0 ft, 1.0 to
1.5 feet, and 1.5 to 1.9 feet) from a sand bar in the Six Mile Pool. This illustration in-
dicates that even with depth, the particle size distributions of the deposited sediments
are nearly identical. Medium-sized sand constituted the bulk of the sand bars. Appendix
C-I shows the particle size characteristics of these materials.

Similar core samples were collected from the centerline and near the left and
right sides of the river at the sand bar near the state line. The particle size distributions
of the materials are shown in figure 40. Here again, the sediment deposited in this sand
bar consists of medium-sized sands. Appendix C-II shows the particle size characteris-
tics of these materials. Appendix C-III shows the particle size characteristics of the bed
materials of some of the other sand bars.

The analyses presented thus far indicate that the bed materials of the Kankakee
River, for almost all of its length in Indiana (up to Highway 30) and most parts in Illi-
nois (up to the Six Mile Pool), consist of medium sand with some fine and coarse sands.
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Figure 40. Particle size distributions of core samples from the sand bar near the state line

The river is obviously flowing on a sandy bed with the contributing tributaries also
flowing on sandy beds. Even the bank materials are composed of sand. This is especial-
ly true in Indiana. Figure 41 shows some typical particle size distribution plots of bank
materials collected in Indiana. These materials range in size from fine to coarse sands
with medium sand predominating. Appendix D shows the particle size characteristics
of the bank materials.

Bed material samples were collected from the State Line and Illinoi stations in
1978-1979. These materials were analyzed for particle size distributions. The locations,
collection dates, particle size distributions, and main characteristics of these materials
are given in Appendix E. The dsy sizes of all the materials range from about 0.2 to 0.35
mm.

Sampling of bed materials from the Iroquois River was not as extensive as for
the Kankakee River. Most of the samples were collected from two gaging stations,
Iroquois River at Iroquois and Iroquois River near Chebanse. Particle size distributions
and other physical and descriptive parameters associated with these materials are given
in Appendix F. Bed materials at both these gaging stations consist of coarser particles
than those at the State Line and Illinoi stations. Apparently the Iroquois River flows
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Figure 41. Particle size distributions of bank material samples

on gravel beds at a few locations. However, the bed materials in the Iroquois River near
its confluence with the Kankakee River are basically sandy. Some of the sediment load
carried by the Iroquois River must be depositing at this location because of the reduced
flow velocity at the junction of the river and the Six Mile Pool.

Particle size characteristics of the bed load samples collected at the State Line
and Chebanse stations are given in Appendix G. The ds, sizes of the bed load at the
State Line station range from 0.3 to 0.4 mm. These median diameters appear to be a
little larger than those of the bed materials at the State Line Bridge (Appendix E). This
must have occurred because bed materials less than 0.25 mm in size have washed away
through the 0.25 mm mesh opening of the Helley-Smith bed load sampler, resulting
in the retention of bed load particles of relatively larger diameters.

That the Kankakee River flows in a sandy channel, especially in Indiana, is very
important as far as the hydraulics of flow are concerned. The sand particles on a steep
bank are unstable unless the banks are protected by artificial or natural protective
works. Well-graded stones or rocks (called riprap) with properly designed filter blankets
can be constructed to protect the banks in sandy channels. For a set of design criteria
for riprap sizes and filter blankets, the reader is referred to the work done by Bhowmik
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Figure 42. Percentage of silt and clay in the bed
materials versus distance along the centerline of the Kankakee River

(1976). Natural cover such as tree roots, bushes, and vegetation can also protect a river
bank composed of sandy materials.

That the bed materials of the Kankakee River, except those areas where it flows
directly over bed rock in Illinois, consist of sandy materials can further be illustrated
by figure 42. The percentage of silt and clay in the bed material samples collected from
the centerline of the Kankakee River is shown in this illustration. Starting from High-
way 30 in Indiana through the beginning of the Six Mile Pool near Kankakee, the per-
cent of silt and clay in the bed materials is very small — less than 5 percent in most
cases. The percentage of silt and clay in the bed materials increases to as much as 30
percent within the Six Mile Pool. This variability is natural since the Six Mile Pool acts
to some extent as a detention basin on the Kankakee River, where some of the sedi-
ment load carried by the river is dropped out.

It should be pointed out that because of the uniformity of the bed materials
collected from different locations along the Kankakee River, it is hard to determine the
origin of the sands. The Kankakee River basically flows over sandy materials, so most
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of the bed materials must be originating either at upstream locations or from local
areas by degradation.

Sediment Discharge

The total sediment load carried by a river consists of suspended load and bed
load. The suspended load, which is the sediment load that moves in suspension within
the water body, consists of the bed materials and the wash load. The wash load is com-
posed of the materials that are washed from the watershed, usually consisting of silt
and clay. The bed load, on the other hand, is composed of the materials that move near
the bed either in suspension or with a sliding or rolling motion. The materials present
on the bed of a river normally move as bed load.

Data related to the bed load and the suspended load that have either been col-
lected by the Water Survey or gathered from other sources were analyzed, and the re-
sults are presented in this section.

Sediment data for the 1979 water year were collected from gaging stations at
Wilmington, Chebanse, Iroquois, Momence, Illinoi, and the State Line Bridge (figure 8).
As far as is known, these are the only sediment data that are available from the Kanka-
kee River in Illinois. The U.S. Geological Survey at Indianapolis has been collecting sus-
pended sediment load data from the Shelby gaging station since 1965 and from the
Foresman gaging station since 1968. The frequency of data collection from the last two
stations is about once a month. These data are published by the U.S. Geological Survey
(1977) in their Water Resources Data for Indiana series.

Suspended Load. To investigate the long-term variability of the suspended sed-
iment discharges from the gaging stations at Shelby and Foresman, an analysis was
made of all available data. The reader must remember that since the data were collected
only once a month they may or may not cover the storm episodes and flooding stages,
and that the correlation described below may or may not truly represent the sediment
discharge characteristics of these stations.

Figure 43 shows the relationship between suspended sediment load Qg in tons
per day versus water discharge Q,, in cubic feet per second (cfs) for the gaging station
at Foresman. Data used were collected after July 1968. A regression line has been fit-
ted to these data. The regression equation between Qg and Q,, is given in figure 43.
This relationship is a standard relationship that is used to determine the sediment load
at a station based on water discharge. In many instances, the correlation coefficient
between Q,, and Q; may not be very high. Still, this type of relationship is useful for
qualitatively estimating the sediment load in a stream. The correlation coefficient for
the relationship shown in figure 43 is 0.83.

Sediment load carried by a stream is a function of a number of variables: 1) the
characteristics of the watershed, such as soils, forest cover, and agricultural practices;
2) the meteorological conditions, such as rainfall and runoff characteristics, and snow
and ice melt; 3) physical features, determined by land use and urbanization practices,
the nature of the bed and bank materials, soil cover, bank cover, and characteristics of
the tributaries or drainage ditches; 4) man-made constraints, such as river straightening
and channelization, repair or maintenance of stream banks and levees, and construction
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of dams; and 5) a variety of other factors. These variables can interact and may modify
or change the sediment load in a river although the discharge remains the same.

For midwestern streams, the constraints exerted on the watershed may have
more influence on the sediment load than does the normal discharge of the stream.
Thus, for the same discharge at two different times of year, such as early spring, when
the watershed has been plowed, and fall, when a large part of the watershed is covered
with residue from harvested corn or soybeans, the sediment load is completely differ-
ent. This is a major reason why the correlation in figure 43 is poor and why it is hard
to develop a perfect relationship between Q, and Q,, for a stream at a specified location.

Figure 44 shows a similar relationship between Q, and Q, for the gaging sta-
tion at Shelby. Data used for this station were collected by the U.S. Geological Survey
beginning in October 1963. The correlation coefficient between Qg and Q, is 0.78,
and a scattering of the data points is evident. The variabilities in the physical and mete-
orological parameters certainly affected the amount of the suspended sediment load
carried by the river at different times of the year even though the discharge was the
same. The regression line developed for these data is shown in figure 44.

Data analyzed for the Foresman and Shelby stations were collected over a num-
ber of years; thus these data are affected by variabilities in stream flow and by chang-
ing agricultural patterns on the watershed. The serious drawback to these data is the
frequency at which they were collected. To be representative, sediment data should be
collected daily or weekly over a period of time extending from 10 to 20 years.

Suspended sediment load data that were collected daily from Iroquois, Chebanse,
Momence, and Wilmington, and biweekly (and more frequently during flooding) from
the State Line Bridge and Illinoi stations were analyzed and are discussed next. Caution
must be exercised in considering the representativeness of these data since they were
collected for a period of only 12 months.

It is important to test whether the data collected in the 1979 water year rep-
resented data from a typical year. One way to test this is to compare the average long-
term daily discharges from various gaging stations with those measured in the 1979
water year. Table 7 shows the long-term average 7-day low flows, average 7-day high
flows, average peak flows, average discharges, and average discharges for the 1979
water year. An examination of this table shows that the 1979 average flows measured
at Shelby, Momence, Foresman, and Iroquois are close to the long-term average dis-
charges. However, for the Chebanse and Wilmington stations, the average discharges in
the 1979 water year were much higher than the long-term average discharges. This
points out the inadequacy of a sediment data base for which detailed data are available
for only a single year.

Figure 45 shows the relationships between water discharge and sediment dis-
charge versus time in days for the Kankakee River at the State Line station for the
1979 water year. During one period in the winter of 1978-1979, suspended sediment
and water discharge data could not be collected because the river surface was covered
with ice. It appears from figure 45 that with an increase in water discharge, the sedi-
ment discharge showed a corresponding increase. However, for a period of time from
late March through early May 1979, the water discharge was relatively high while the
sediment discharge was comparatively low. Obviously the suspended sediment load
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74



10? I

KANKAKEE RIVER AT STATE LINE BRIDGE

—
L=}
LX)

—
Q
[~

SEDIMENT DISCHARGE, tons/day

10

DISCHARGE, cfs

Figure 46. Relationship between suspended sediment
load and water discharge for the Kankakee River at the State Line Bridge

carried by the river did not depend only on the water discharge but was also influenced
by other factors. Despite these limitations, a regression equation between suspended
sediment load Q; in tons per day and water discharge Q,, in cfs was developed and is
shown in figure 46. The scattering of the data from the least square fitted line attests
to the variabilities shown in figure 45. The correlation coefficient is 0.61. The dotted
lines above and below the regression line show the bands of confidence limits of 80
and 95 percent. The equation shown in figure 46 may be used to estimate an average
suspended sediment load at the state line whenever the water discharge is known, al-
though one must recognize the limitations of this relationship. Appendix H shows the
data collected from the State Line station.
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Figure 47. Suspended sediment load and
water discharge versus time in days for the Singleton Ditch at lllinoi

The relationships between Qg and Q,, versus time in days for the 1979 water
year for the gaging station on the Singleton Ditch at Illinoi are shown in figure 47. The
data gap during the winter of 1978-1979 is the result of ice cover. In this illustration it
appears that the sediment discharge correlates well with the water discharge. This point
is better illustrated in figure 48, where the relationship between Qg in tons per day and
Qy in cfs is shown for the same station. The correlation coefficient of the regression
line shown in figure 48 is 0.94. The upper and lower confidence limits of 80 and 95
percent are shown in the figure. Although there is some scattering of data points, the
correlation is fairly good. Appendix I shows the data collected at this station.

Whereas the State Line and Illinoi stations were temporary gaging stations, the
stations at Momence, Iroquois, Chebanse, and Wilmington are established U.S. Geolog-
ical Survey gaging stations. Data collected from these stations were analyzed following
a procedure similar to that shown in figures 45 through 48. Figure 49 shows the rela-
tionship between the suspended sediment load and water discharge versus time in days
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Figure 49. Suspended sediment load and
water discharge versus time in days for the Kankakee River at Momence

for the 1979 water year for the Momence station. During early March 1979, the water
discharge and sediment discharge at this station appear to correlate fairly well. However,
from late March through April 1979, although the water discharge was fairly high, the
sediment load was comparatively low. Only during the middle of April 1979, during a
storm episode, did the sediment load show an increase.

The variability mentioned in connection with figure 49 can be explained further
by the illustration in figure 50. The relationship between mean monthly sediment yield
and water yield for the Momence station is shown. It is quite clear that for the same water
yield, the sediment yield during winter months was much lower than that observed during
the summer months. These variabilities might have been balanced if data had been avail-
able for a longer period of time. This is an important point to remember in analyzing the
sediment data.

Figure 51 shows the relationship between Qg and Q,, for the Kankakee River at
Momenee. The correlation coefficient of the regression equation shown in figure 51 is
0.88. The variabilities between Qg and Q,, are quite evident in this illustration. The upper
and lower 80 and 95 percent confidence limits are also shown in the figure. The data col-
lected from this station are given in Appendix J.

The particle size distributions of the suspended sediment carried by the Kankakee
River at various times of the year and at different locations were determined. Figure 52
shows the particle sizes of four samples collected from the Momence station. A detailed
analysis was done for the sample collected on March 9, 1979. For the other samples only
the sand fractions and the silt and clay fractions were determined. The analysis of the
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Figure 52. Particle size characteristics of suspended sediment at Momence

sample collected in March indicates that the suspended load carried by the river at Mo-
mence during flood stages was nearly 80 percent sand and about 20 percent silt and
clay. During April 1979 the amount of sand was approximately equal to the amount
of silt and clay, and in June and August, the suspended load consisted mainly of silt and
clay. This observation has very important ramifications concerning the sediment transport
characteristics of the river. It has already been shown that the bed materials of the Kanka-
kee River basically consist of sand particles with median diameters of about 0.2 to 0.4 mm.
It appears that during flood stages, when the velocity of water is relatively high and the
water is very turbulent, most of the suspended sediment carried by the river consists of
sandy materials.

Almost all the sediment load carried by the Kankakee River at the Momence sta-
tion appears to be moving as suspended load. Data were collected from the Highway
Bridge at Momence, where the bed of the river is rocky, the gradient of the river is rela-
tively steep, and the water is therefore highly turbulent. This combination of hydraulic
and geometric parameters effectively keeps the sediment load in the river in suspension at
this location. Thus, the sediment rating curve shown in figure 51 may in all probability
represent the total sediment load curve of the Kankakee River at the Momence gaging
station.
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Figure 53. Suspended sediment load and
water discharge versus time in days for the Iroquois River at Iroquois

The relationship between suspended sediment load and water discharge versus
time in days for the Iroquois gaging station is shown in figure 53. The highest peak dis-
charge and the highest sediment load were measured in March 1979, and three other rela-
tively high sediment peaks occurred in April and July 1979. The water discharge for the
storm episode in July was lower than that for the storm in April. On the other hand, the
peak sediment load was higher in July than in April.

Obviously, the hydrological and other factors acting on the watershed contributed
toward this variability between the sediment peaks and the flood peaks. That the same a-
mount of flow can carry different amounts of sediment load is illustrated in figure 54,
in which the mean monthly sediment yield in tons per square mile of basin has been plot-
ted against the mean monthly water yield in tons per square mile. For the same water
yield, the sediment load carried by the river during July through September was consis-
tently higher than the sediment load carried by the river during December through May.

Despite the variabilities pointed out in figures 53 and 54, it is still possible to de-
velop a rating curve between Q, and Q, (figure 55). An examination of this illustration
will reveal that during low and high flows, there exist variabilities between Qg and Q.
However, for the medium ranges of Q, there exists a linear relationship between Q; and
Q. on this log-log plot. The regression line shown in figure 55 represents the least square
fitted line to all the data. The 80 and 95 percent confidence limits are also shown. The re-
gression equation given in figure 55 can be used to estimate the sediment load at this sta-
tion once the water discharge is known. The correlation coefficient of the regression equa-
tion is 0.89. Appendix K shows the field data collected from this station.
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sediment load and water discharge for the Iroquois River at Iroquois
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Figure 56. Particle size characteristics of suspended sediment at Iroquois

The characteristics of the particle sizes of the suspended load carried by the river
at the Iroquois gaging station were also analyzed. Figure 56 shows the analyses of four
sets of such samples. It is quite clear that the suspended sediment load carried by the
Iroquois River at Iroquois consists almost wholly of silt and clay during spring, summer,
and fall. This is in sharp contrast to the characteristics of the suspended load carried by
the Kankakee River at Momence, where it was found that the major part of the sus-
pended load during the spring was sand. Thus, in general, the Iroquois River at Iroquois,
near the Indiana-lIllinois state line, carries a relatively greater amount of fine materials
as suspended load.

Figure 57 shows the variation of Q; and Q,, with time in days for the Iroquois
River near Chebanse. For this gaging station an excellent correlation exists between the
sediment peaks and water discharges except in April 1979, when a higher sediment peak
was observed for a relatively small storm episode. At all other times, whenever the water
discharge was high, the sediment discharge was also relatively high. Figure 58 shows the
relationships between the mean monthly sediment yield and water yield for the 1979
water year for this station. Here again, the mean monthly sediment yield per unit of
watershed for the same water yield was higher during June through September than dur-
ing November through May.
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Figure 59. Relationship between suspended
sediment load and water discharge for the Iroquois River near Chebanse

The relationship between Q, and Q,, for the Chebanse station is given in figure
59. It appears that the dispersion of the plotted points about the fitted regression line
is fairly uniform. For any sediment transport investigation the dispersion shown in
figure 59 is quite common. In general, whenever a simplified relationship between Q;
and Q,, is developed, the correlation is not very good. The regression equation and the
80 and 95 percent confidence limits are also given in the figure. The correlation coeffi-
cient of the regression equation is 0.95. Appendix L shows the field data collected
from this station.
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Figure 60. Particle size characteristics of suspended sediment at Chebanse

The particle size distributions of the suspended sediment load at the Chebanse
station are shown in figure 60. It is clear that the suspended sediment load carried by
the Iroquois River at the Chebanse station consists almost completely of silt and clay.
In other words, the suspended load carried by the Iroquois River is composed basically
of fine materials. This observation is very important to a consideration of the type of
sediment load carried by the Iroquois and the Kankakee Rivers. The discoloration and
the turbid nature of the water observed in the Six Mile Pool and downstream from
Kankakee are obviously contributed by the Iroquois River. In all probability, these fine
materials remain in suspension and are carried away by the Kankakee River to the Illi-
nois River. On the other hand, the Kankakee River carries a substantial amount of sand
as sediment load, which means that the sand deposits in the Kankakee River and in the
Six Mile Pool are mainly contributed by the Kankakee River.

The last gaging station where suspended sediment load data were collected was
the Wilmington station. This station is close to the Illinois River and should account
for nearly all the sediment load that is carried by the Kankakee River and delivered to
the Illinois River. Figure 61 shows the relationship between Q, and Q, versus time in
days for this station. In all storm episodes, the suspended sediment load correlated well
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Figure 61. Suspended sediment load and
water discharge versus time in days for the Kankakee River near Wilmington

with the water discharge except for the storm episode of April 1979. During this storm,
the sediment load was much higher in relation to the water discharge.

Figure 62 shows the relationship between mean monthly sediment yield and
water yield for this station. Here again, the sediment load carried by the river during
the winter months was smaller than that carried for the same unit of water discharge
during the summer months.

Relationships between Qg and Q,, are shown in figure 63 for the Wilmington
station. It appears that a few storm episodes exist where data related to Qs and Q,, are
clustered together. At other times, however, the correlation between Q, and Q,, is fair-
ly good. The regression line, the regression equation, and the 80 and 95 percent con-
fidence limits are also shown in figure 63. The regression equation can be used to esti-
mate suspended sediment load at this station from known water discharge. The correla-
tion coefficient is 0.90. Appendix M shows the field data collected from this station.

Figure 64 shows the particle size characteristics of the suspended load at the
Wilmington station. It appears that during spring 1979, about 50 percent of the sus-
pended sediment load carried by the river at this location consisted of sandy mate-
rials, whereas during the summer most of the suspended sediment particles consisted
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Figure 64. Particle size characteristics of suspended sediment at Wilmington

of silt and clay. This variability is similar to the variability of the particle size character-
istics observed at the Momence station (figure 52). In a real sense, the characteristics of
the particle size variability at Wilmington should reflect a heterogeneous combination
of the particle size characteristics observed at the gaging stations at Momence and Che-
banse. This appears to be a correct assumption. The bed materials of the Kankakee
River near the Wilmington station consist basically of large boulders and rocks. During
low flows, the river behaves as a riffle. The gradient of the river at this location is steep,
the flow velocity is relatively high, and consequently the water is extremely turbulent.
This remains true for both the low and high flows. Thus it is quite reasonable to as-
sume that almost all the sediment load carried by the river at this location moves as
suspended load. This point is reinforced when one considers the particle size distribu-
tion of the suspended load during early spring flows. The sizes of the sandy particles
are similar to those observed on the bed of the Kankakee River above the Six Mile Pool.

This observation for the Wilmington station and those made for the Momence
station have an important bearing on the present study. It appears that the suspended
sediment loads measured at these two stations may, for all practical purposes, represent
the total sediment load carried by the river at these two locations. Therefore, the
sediment load estimated at Momence and Wilmington, based on the suspended load
measured, should represent the total sediment load carried by the river at these locations.
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Table 8. Percent Silt and Clay Values for Suspended Sediments

Pevcent finer Percent finer
Date than 0.062mm** Date than 0.062mm**

Iroquois River at Iroquois Kankakee River at Mowmence
3/8/79 96.50* 319179 21.64*
572779 92.64 4/24/79 52.26
6/20/79 - 97.00 6/14/79 21.45
8/15/79 98.35 8/20/79 96.29
Iroguois River near Chebanse Kankakee River near Wilmington
3M12/79 97.69 3/13/79 49.79*
3/12/79 93.34* . 3/13/79 71.61
4/14/79 99.63* 4/12/79 98.69*
573179 99.72* 4/25/79 9545
6/18/79 98.72* 6/13/79 99.13

* Pipet Analysis
** Particles less than 0.062mm are considered to be silt and clay

Table 8 shows the percent of silt and clay values for the suspended sediment
samples from all the stations.

Generalized Analysis — Suspended Load. It appears reasonable to make some
general observations related to the suspended load carried by the river at the various
locations.

Regression Equations. The regression equations developed between Qg and Q,,
for the various gaging stations are shown in figures 43, 44, 46, 48, 51, 55, 59, and 63.
Equation 37 shows the general regression equation between Q, and Q.

Q = mQ,” (37)
where Qs is in tons per day, Q,, is in cfs, and m and n are coefficients obtained from
statistical analyses. Table 9 summarizes the values of m and n in equation 37 for all
eight gaging stations for which sediment rating curves have been developed. These rat-
ing curves can be used to estimate suspended sediment load at these selected gaging sta-
tions. Table 10 shows some standard statistical parameters for these regression equations.

Table 9. Summary of Sediment Rating Curves

q = mq,"
where Qs = suspended sediment load in tons per day, ('.),W = water
discharge in cfs, and m and n are coefficients

Station m n
Foresman 0.30 0.91
Shelby 0.038 1.18
State Line 0.43 0.78
linoi 0.040 1.2¢9
Iroquois 0.023 1.37
Chebanse 0.0074 1.49
Wilmington . 0.00056 1.67
Momence 0.0051 1.39
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Table 10. Standard Statistical Parameters for the Regression Equations

(1) (2) (3) {4} (5) (6} (7) (8) (%) (1a)
Nuniber Standard error Standard Range/standard
of data Regression of regression Correlation ervor of  Ramge of error of

Station points  Intercept coefficient coefficiemt  twalue coefficient estimate  residuals estimate
Foresman 62 -0.52 0.91 0.08 11.5 0.83 0.33 1.40 4.30
Shelby 29 -1.42 1.18 0.18 6.4 0.78 0.29 1.08 3.73
State Line 56 —0.37 0.78 0.14 5.7 0.61 0.29 1.24 4.24
Tilinoi 56 -1.39 1.29 0.07 19.7 0.94 0.28 1.35 4.85
Iroquois 365 —1.64 1.37 0.04 37.6 6.89 0.45 2.25 5.01
Chebanse 365 —2.12 1.49 0.03 57.2 0.95 0.34 1.72 3.11
Wilmington 365 —-3.25 1.67 0.04 40.4 0.90 0.36 1.86 5.13
Momence 365 -2.29 1.39 0.04 35.1 0.88 0.26 1.22 4.69

Cumulative Movement of Sediment Load. An examination of figures 45, 47,
49, 53, 57, and 61 shows that the bulk of the suspended load carried by the river at
various locations is transported during flood stages. The river carries sediment load
throughout the year, but the bulk of it is carried during a few storm episodes. An anal-
ysis was made to estimate the percentage of the total suspended sediment load trans-
ported by the river during a few selected storm episodes in a year. Since data from the
State Line Bridge and Singleton Ditch at Illinoi were collected intermittently, these
two stations were omitted from this analysis.

The amounts of suspended load carried by the river during storm episodes, as
shown in figures 49, 53, 57, and 61 for gaging stations at Momence, Iroquois, Chebanse,
and Wilmington, respectively, were added. A ratio of this cumulative load to the total
yearly load was determined, and the results are shown in table 11. Since the storm epi-
sodes did not occur at exactly the same time at various locations, the total number of
storm-days is not the same for all four stations. Also it must be remembered that the
selection of the spans of the storm durations was somewhat arbitrary, and this resulted
in variability in the number of storm-days at different stations.

Table 11 indicates that if data from these stations are collected for a period of
about 60 to 80 days during the major storm events in a year, about 70 to 80 percent of
the suspended sediment load carried by the river will be measured. This observation is

Table 11. Percent of Sediment Load Transported
during Storm Episodes

Total Cumulative percentage
number of of suspended sediment load,
Station days from field data

Kankakee River

at Momence 58 73
Iroquois River

at Iroquois 77 69
Iroquois River

near Chebanse 64 72
Kankakee River

near Wilmington 60 80
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Table 12. Total Water and Suspended Sediment Yield for Water Year 1979

(1 (2) (3) (4)
Q Number of days Q
Station (1o0* %’J data collected (tons)
Momence 685 365 157,700
Iroquois 185 365 93,100
Chebanse 676 365 358,500
Wilmington 1600 363 932,800

* Based on field and regression curve

very important in the development of a time schedule for collecting sediment data
from a stream or river. It appears that if intensive data are collected for about 80 days
in a year during storm episodes, and the remaining data are collected infrequently, it is
quite reasonable to assume that up to 80 percent of the suspended sediment load will
be measured. Therefore, it may not be necessary to collect data every day of the year
from each gaging station. For streams in the midwest, where heavy storms occur in
spring and early summer, the intensive or daily samples can be collected during this
period of the year. For the remaining 8 to 9 months, weekly sampling should be suffi-
cient to account for most of the sediment load carried by the river.

Suspended Sediment Load Budget. Suspended sediment data for the Kankakee
and Iroquois Rivers were collected at six locations in Illinois. Table 12 summarizes the
total suspended sediment load computations for four of the gaging stations. Data from
the State Line Bridge and the Illinoi stations were omitted because of the discontinuity
of the data at those locations.

The sediment load carried by the river at a downstream location represents not
only the sediment that has passed an upstream gaging station, but also the sediment in-
flow between those two stations. Moreover, sediment load at a downstream station
will reflect the erosional and depositional characteristics of the stream, as well as man-
made activities between those two stations. A quick check will indicate that the sum of
the sediment load in table 12, column 4, for the Chebanse and Momence stations is
716,200 tons for the 1979 water year. At Wilmington, the total suspended load for the
1979 water year is 932,800 tons. Obviously the watershed and the river between Mo-
mence, Chebanse, and Wilmington have contributed to the additional amount of sus-
pended sediment load at Wilmington.

The sediment load data shown in table 12, column 4, are divided by the respec-
tive drainage area D, at each location to transfer the sediment load data to a common
base for comparison purposes. These data, along with data from the Foresman and
Shelby stations, are plotted in figure 65. The suspended sediment load in tons per
square mile for each station for the 1979 water year is plotted against the drainage areas
at those locations. A curve can be drawn through the three points in figure 65 repre-
senting the Iroquois, Chebanse, and Foresman stations. It is clear that the drainage basin
above the Momence and Shelby gaging stations is contributing the lesser amount of sus-
pended sediment load per square mile of drainage area to the Kankakee River. The
cumulative effect of the total drainage basin is shown by the data for the Wilmington
station.
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It appears that two separate curves can be drawn to represent 1) the data from
Foresman, Iroquois, and Chebanse on the Iroquois River, and 2) the data from Shelby,
Momence, and Wilmington on the main stem of the Kankakee River. It must be pointed
out that although the data for the gaging station at Wilmington represent the total ef-
fective sediment load of the main stem of the Kankakee River and the Iroquois River,
on a per unit basis the Wilmington station aligns itself with the main stem of the river
as far as the suspended sediment load is concerned.

The whole Kankakee River Basin could have been assumed to be homogenous
as far as suspended sediment load is concerned if the Qg/D, values for the Shelby, Mo-
mence, and Wilmington stations were on the same hypothetical curve as that represent-
ing the data from the Foresman, Iroquois, and Chebanse stations. However, it appears
that the basins above the stations at Foresman, Iroquois, and Chebanse contribute a
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comparatively larger share of suspended sediment load to the river than does the main
stem of the Kankakee River. In summary, in the 1979 water year, the Iroquois River
carried a larger quantity of suspended sediment load.

A computation can be made to estimate the total suspended sediment load for
the State Line Bridge based on the data from the Momence gaging station. For the Mo-
mence station, the suspended load for 1979 was 68.7 tons per square mile. Thus, with
a drainage area of 1920 square miles at the State Line Bridge, about 131,900 tons of
suspended load should have passed this location in the 1979 water year.

It should be pointed out that the sediment load at Momence is contributed by
the main stem of the Kankakee River and the Singleton Ditch. The drainage area of the
Singleton Ditch is relatively small compared to the total drainage area of the river at
Momence. Therefore, the net influence of the Singleton Ditch on the total suspended
sediment load for the year at Momence may not be significant enough to change the
computed value of sediment load at the State Line Bridge based on the measured sedi-
ment load at Momence.

Variation of Historical Suspended Sediment Load. Data related to the suspend-
ed sediment load were collected for the 1979 water year. Regression lines that were de-
veloped for each station are summarized in table 9. One of the methods that can be
used to estimate the historical sediment load at any one of those stations is to use the
regression curve for the specified station and then compute the sediment load based on
the historical average water discharges for each year. However, in the case of the Kan-
kakee River it will not be advisable to use the regression lines developed in this report
to develop a historical account of the sediment load at various locations along the Kan-
kakee River. The data base is too short to develop such a relationship.

Bed Load. It has already been mentioned that bed load data were collected
from the stations at State Line Bridge, Iroquois, and near Chebanse. The Helley-Smith
bed load sampler (figure 12) was used to collect these samples. While this sampler was
designed for use with coarse materials ranging in size from 2 to 10 mm, the median di-
ameters of the bed materials from the Kankakee River range in size from 0.2 to 0.4 mm.
Although this sampler can be used for finer materials, its efficiency and effectiveness
become doubtful when the bed materials are sandy in nature. On the other hand, this
is the only sampler that is available at the present time to measure bed load in any
open channel. With the understanding that the bed load data collected by the Helley-
Smith sampler from a river with bed materials ranging in size from coarse to medium
sands might not represent the true nature of the bed load movement, an attempt was
made to collect data related to bed load movement in the river.

Many times throughout the year the sampler was allowed to rest on the bed of
the river for 5, 10, 15, or 30 minutes at a time, but it primarily gathered leaves, twigs,
and other organic materials. Only during high flows did it gather some bed load materials.
At these times the flow velocity of the Kankakee River was relatively high, the bed ma-
terials consisted of soft sand, and sand was moving as dunes and ripples. A number of
times when bed load material was gathered, it was suspected that possibly a dune front
had just moved inside the sampler and been collected as bed load.
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Another difficulty of collecting bed load samples with this sampler is the dead
weight of the sampler. The sampler weighs about 65 pounds and there is a danger of
scooping up some soft materials from the bed when the sampler is picked up from its
resting position. The sinking of the sampler on the soft sand is also a disadvantage that
must be remembered.

Even with all the limitations mentioned above, it is unmistakably clear that
during flood flows extensive amounts of sand were moving near the bed of the Kankakee
River either as bed load or as traveling dunes in the downstream direction. Substantial
amounts of sample were collected several times even though the sampler was kept on
the bed of the river for a period of only about 30 seconds to 2 minutes.

Appendix N shows the bed load data collected at the State Line Bridge. The
bed load shown in grams is the amount of bed load that moved on a strip of bed only
3 inches wide. Most of these data were collected during storm episodes. Many times
movement of bed load was found to be present at a few selected locations across the
width of the river. The station numbers shown in Appendix N indicate the distances of
the "verticals" in feet from the left abutment of the State Line Bridge. (The designa-
tions "left" and "right" in reference to the sides of a river are based on the point of
view of an observer looking downstream from the middle of the river.) These data
show that the main movement of bed load occurred near the left side of the river and
within a distance of about 75 feet, from stations 50 to 125. Most of the time the
samples were collected for a period of 2 minutes. However, on two occasions in April
1979 substantial amounts of samples were collected even for a period of 30 seconds.

Although the sampler was usually kept on the bed for 2 minutes, the dry weight
of the bed load materials collected varied substantially, from a few grams to about
1000 grams. In general, an increase in the average velocities in the vertical resulted in a
corresponding increase in the amount of bed load collected from the river. The specific
gravity of these materials did not change significantly.

Figure 66 shows the particle size distribution of the bed load materials at the
State Line Bridge. These materials are almost uniform in size, with most of the particles
varying in size from 0.2 to 0.4 mm.

An attempt was made to estimate the bed load carried by the Kankakee River
during flood flows. As was noted previously, a significant amount of the bed load move-
ment occurred for about one-third of the width of the river. Thus, for April 10, 1979,
the average bed load at three stations for 2 minutes was about 64.1 grams for a 3-inch
width of the bed. The width of the river at this location is about 220 feet. Assuming
that the bed load is moving on a strip of the bed about 50 feet wide at a rate of about
128 grams (dry weight) per minute per foot, the total bed load for a 24- hour period
will be [(128 x 60 x 24 x 50)/(453.6 x2000)] or about 10.2 tons. This is small com-
pared to the suspended load of 192 tons carried by the river on April 10, 1979 (Ap-
pendix H). Table 13 shows the computed bed load Q, in tons per day for the State
Line Bridge. The suspended sediment load is also shown in this table. In general, the
bed load ranges from 1 to 45 percent of the total load.

It must be remembered that during floods, the Kankakee River floods the road
leading to the bridge on both sides of the river, and a considerable amountof flow cross-
es the state line on top of the roadway. Since neither these flows nor the suspended
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Table 13. Bed Load Computation for Kankakee River at State Line Bridge

Bed load Effective
ey unit width width
Date ? {grams/ft) Hver (;;j f::nif‘f!iﬁb Sﬂsgzzf;:a;ad ¢ gbjfc?g Qb;{?éggb)
3/29/79 27.7 50 2.2 188.0 1.2 12
3/31/79 630.6 50 49.8 386.9 12.9 11.4
4/1/79 1153.8 - 50 91.4 343.9 26.6 210
/2119 631.2 50 49.9 331.3 15.1 13.1
4/3/79 604.1 50 47.9 256.1 18.7 15.8
4/4/79 229.4 50 18.4 309.7 5.9 5.6
4/5/79 164.6 . 50 13.0 236.4 5.5 5.2
46179 . 306.9 50 24.3 234.5 10.4 9.4
4/10/79 128.2 50 10.1 192 5.3 50
4/12/79 187.5 - 50 14.9 306.9 4.9 4.6
4/13/79 359.3 50 28.4 323.9 8.8 8.1
4/16/79 883.8 50 70.4 2256 31.2 23.8
4/17/79 230.3 50 18.2 247.7 7.3 6.8
4/20/79 330.4 50 26.2 1032.6 2.5 2.5
4/23/79 821.0 50 © 650 866.8 7.5 7.0
4/26/79 672.6 50 53.3 93.2 57.2 36.4
4/27/79 124.6 50 2.9 208.8 4.7 4.5
4128179 10325 50 81.8 112.9 72.5 42.0
4/29/79 671.6 - 50 53.2 74.4 71.5 41.7
4/30/79 747.0 50 592 70.2 84.3 45.7
5/1179 247.0 50 19.6 124.3 15.8 13.6
5/4/79 809.4 50 64.1 187.2 342 25.5
517179 780.8 50 61.8 96.3 64.2 39.1
5/10/79 2920 50 23.2 66.2 35.0 26.0
5/15/79 201.0 50 15.6 143.3 10.9 9.8
5123179 80.4 50 6.4 . 1636 3.9 3.8
9/14/79 216.7 50 17.2 66.7: 25.8 20.5

load carried by these flows can be quantified, the suspended load measured and shown
in Appendix H is less than what actually crossed the state line at this location. This ad-
ditional suspended load can not be estimated. However, if the additional suspended
load could be accounted for, the values of suspended sediment load given in Appendix
H would be higher, resulting in a smaller ratio of Q,/Qs and Q,/(Qs +Qy)in table 13.

If it is considered that, for a period of about 60 days, significant amounts of
bed load movement occurred at the State Line Bridge, then the total quantity of bed
load moved will be seen to be about 2210 tons. It already has been estimated that the
total suspended load at the state line was 131,900 tons in the 1979 water year. There-
fore, about 1.7 percent of the suspended load or 1.6 percent of the total load is esti-
mated to be bed load. Again, it must be remembered that this is a gross estimate of the
bed load movement at the State Line Bridge.

Attempts were also made to collect bed load material from the Iroquois gaging
station on the Iroquois River. During a 12-month period, measurable amounts of bed
load sample were obtained on only three occasions. These data are shown in Appendix
O. No attempt was made to compute the bed load at this location for those three days.
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Figure 67. Particle size distribution of the bed load materials from the Chebanse station

The other station from which bed load material was collected was the Chebanse
station on the Iroquois River. Here again attempts were made to collect bed load data
throughout the year, but only in March and April 1979 were measurable quantities of
bed load samples collected. The specific gravity of these materials appears to be lower
than that of materials at the State Line Bridge (Appendix N). Figure 67 shows the par-
ticle size distribution of a bed load sample from the Chebanse station. The particle size
distribution of the bed load materials is similar to that shown in figure 66 for the bed
load materials at the State Line Bridge.

The bed load carried by the Iroquois River at the Chebanse station was com-
puted following a procedure similar to that explained for the State Line station. It was
assumed that bed load moved only near the center part of the river for an approximate
width of about 100 feet. On the basis of these assumptions and the data given in Ap-
pendix P, computations were made to estimate the bed load at this location. These re-
sults are shown in table 14 and indicate that the bed load is about 1 percent or less of
the suspended load. If it is assumed that significant amounts of bed load movement oc-
curred for a period of about 60 days in 1979, then the total bed load at this station be-
comes 528 tons for the 1979 water year, while the total suspended load at this station
for the 1979 water year is 558,500 tons (table 12, column 4). Therefore, only about
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Table 14. Bed Load Computation for Iroquois River Near Chebanse

Bed load Effective
per unit wideh width of Bed load Q, Suspended load Qs Q b’st Q b/(QS+Q b )

Date {grams/min-ft) river {ft) (tons/day) (tons/day) X 100 X 100

3/5/79 32 100 0.5 14,600
3/8/79 6.2 100 1.0 18,000 <0.1 <0.1
3/13/79 14.4 190 2.3 1,84¢ 0.1 0.1
3/15/79 13.8 100 2.2 1,280 0.2 0.2
3/16/79 4.6 _ 100 0.7 956 0.1 0.1
3719/79 2.3 100 0.4 4,620 <0.1 <0.1
3726779 27.9 100 4.4 605 0.7 0.7
3729479 41.4 100 6.5 2,190 0.3 0.3
4/1/79 12.2 100 1.9 3,390 <0.1 <0.1
4/2/79 41.4 100 6.6 3,360 0.2 0.2
413179 514 - 100 3.2 2,470 0.3 0.3
4/4/79 35.4 100 5.6 1,850 0.3 ¢.3
4/5/79 18.1 100 2.9 1,550 0.2 0.2
4/6/79 44 100 0.7 1,250 0.1 0.1
4/12/79 41.1 100 6.5 28,600 <0.1 <0.1
4/13/79 456.2 100 72.3 25,600 0.3 0.3
4/16/79 19.0 100 3.0 9,230 <0.1 <0.1
4/17/79 14.9 100 2.4 3,320 0.1 0.1
4/20/79 25.8 100 4.1 1,130 0.4 0.4
4/27/7% 41.8 100 6.6 7,680 0.1 0.1
4/28/79 308.0 100 48.8 5,930 0.8 0.8
/29479 48.5 100 7.7 5,900 0.1 e 0.1
4/30/79 380 100 6.0 3,110 0.2 0.2

0.09 percent of the suspended load moved as bed load at this location. This percentage
of bed load and the one shown for the State Line Bridge correspond with the percent-
ages given by Simons and Senturk (1977) for bed load.

Attempts were not made to collect any bed load data from the gaging stations
at Momence and Wilmington. Since bed materials at both of these stations are rock and
boulder, it would have been extremely hard to lower and place the bed load sampler at
these locations. Moreover, it had already been shown, in connection with the suspend-
ed sediment analysis, that in all probability the suspended sediment load measured at
Momence and Wilmington did in fact measure the total load at those locations. This
observation appears to be true if one considers the similarities of the particle size dis-
tribution of the bed materials (figure 35), the particle size distribution of the suspend-
ed materials (figures 52 and 64), and the particle size distribution of the bed load ma-
terials (figures 66 and 67). In all of these cases, the particle size distributions are almost
identical. Therefore, it is almost certain that the gaging stations at Momence and Wil-
mington did in fact measure the total load as suspended load.

Sand Bar Monitoring

During the collection of field data and the boat travel on the river, it was noted
that some fairly good-sized sand deposits existed in the Kankakee River. The front ends
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of some of these sand deposits or sand bars, as they will be called here, appeared to be
moving even during low and medium flows. Detailed surveys of three of these sand bars
were conducted to develop surface contour maps. It was hoped that in the future some
of these sand bars could be resurveyed to develop new contour maps which could be
compared with the 1979 maps to develop an understanding of the movement or pro-
gression of these bars.

Figure 14 showed the locations of major open river sand bars in Illinois.Sand
bars 2, 3, and 4 and the one in Indiana near the State Line Bridge were surveyed, and
surface contour maps were developed for them. The sand bar near the state line was
surveyed twice during 1979.

Figure 68 shows the front of sand bar 3. This sand bar and sand bar 4 are more
or less continuous and constitute a large sand deposit. No definite front of sand bars 3
and 4 exists.

Figure 69 provides a contour map of the sand bar near the state line as it was
observed on July 25, 1979. The leading edge of the sand bar covers approximately the
whole width of the Kankakee River. The bar is about 3 to 4 feet deep near its front
and extends about 1600 feet upstream into Indiana. If the cross section of the bar is as-
sumed to have a triangular shape, which appears to be true in this case, then the sand
at this location weighs about 12,000 to 18,000 tons.

Figure 70 presents a contour map of the Kankakee River in Illinois just down-
stream of the State Line Bridge as observed on August 23, 1979. This map was devel-
oped for future reference and comparison purposes once the sand bar shown in figure
69 moved into Illinois.

The sand bar shown in figure 69 was again surveyed on November 5-6, 1979,
at which time it was observed to have moved into Illinois. The contour map provided
in figure 71 shows that the outline of the bar is now close to the edge of the river, with
a deep channel near the northern shore at the State Line Bridge.

Figure 72 shows the location of the sand bar in Illinois on November 5-6, 1979.
The sand bar is about 120 feet downstream of the State Line Bridge. The front of the
bar has now been elongated compared to its shape in Indiana on July 25, 1979 (figure
69). This elongation is the result of the hydraulic characteristics and the plan form of
the river.

Upstream of the State Line Bridge, the Kankakee River in Indiana is straight
for almost 2 miles. The geometry of the river is fairly uniform and one would expect an
almost uniform velocity distribution across the width of the river. In this area the river
is devoid of any substantial amounts of snags, trees, or other obstructions and therefore
should be an efficient conveyor of water and sediment load. This is why the front of
the sand bar was fairly uniform and extended almost the whole width of the river in
Indiana. The partially skewed shape of the sand bar just upstream of the State Line
Bridge (figure 69) resulted from the effects of the deeper channel near the northern
shore of the river at the state line.

The Kankakee River in Illinois is not straight, has not been channelized, and still
maintains its natural meandering pattern. As a matter of fact, the main river takes a
sharp left turn within a few hundred feet after entering Illinois (figures 10b, 70, and 72).
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This meandering pattern of the river acts as a deterrent to the straight downstream
flow of water from Indiana. Hydraulically, the meandering pattern at this location can
be assumed to be acting as an obstruction similar to that of a low overflow dam. More-
over, in Illinois, flow splits in two parts with the major amount of discharge passing
through the left main channel. All of these sudden restrictions affect not only the river
at the State Line Bridge, but also the flow hydraulics upstream of the State Line Bridge.
The river is a continuous system and any obstruction must be felt both upstream and
downstream of the obstruction (Bhowmik, 1979).

With a simulated partial barrier at the state line, the pattern of lateral flow ve-
locity changes, the higher velocity remains near the northern side of the river, the river
is deeper in this part, and most of the sediment on the bed remains skewed to the
southern shore. This is exactly what happened to the sand bar once it started to move
into Illinois. The front edge of the bar started to disperse. Since it is no longer moving
with a uniform front, it will possibly disperse much more within Illinois. The shape of
the bar will be adjusted by the hydraulics of flow in the river. The effect of bends
where high velocity flow stays close to the outside bank, the presence of fallen trees
that can increase the flow velocity at one location and decrease it at other locations,
and the deep and shallow parts of the river are just some of the physical and hydraulic
constraints that will control the shape and the movement of the sand bar within
Illinois. Some of the sand from this sand bar will eventually move into the Momence
Wetlands.

The above observation appears to be true when the shape, position, and move-
ment of the other sand deposits are considered. Most of the sand bars are irregular in
shape, and no uniform movement of these bars was observed.

After the discovery of the sand bar near the state line in July 1979, it was
monitored continuously until it started to disperse in Illinois. The location of the front
of the bar was measured every week through the end of September 1979. The succes-
sive movement of the bar is shown in figure 73. The bar was moving about 18 to 24
inches per day during this period of time. It became skewed after crossing the State
Line Bridge because of the changing flow patterns. It consisted wholly of sand particles
(Appendix C-II) identical to those on the bed of the Kankakee River in Indiana.

During the monitoring of the sand bar at the state line, the question of whether
or not the movement of the bar is a recurring phenomenon was discussed repeatedly.
Since data were collected for only one year, it is not known if a sand bar moves near
the state line every year. However, based on some data collected in late 1978, it
appears that in all probability a sand bar or a bulk of sand moves into Illinois every few
years, if not every year. This movement obviously depends on a number of factors,
such as availability of sand, flow variability, peak and flood flows, management pract-
ices on the watershed, and other hydraulic parameters.

In late 1978, as a part of regular stream gaging work, cross-sectional data were
collected from the Kankakee River at the State Line Bridge. The data collection pro-
gram was continued through September 1979. Figure 74 shows the cross-sectional shape
of the river at the State Line Bridge at various times in 1978 and 1979. A comparison
of the data collected on November 3, 1978, and April 10, 1979, shows that the river
has eroded its bed about 3 to 4 feet. On the other hand, it is probable that in November
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1978, a sand bar was passing under the bridge at the state line. During the flood flow in
early spring 1979, this bar was washed away or moved into Illinois, and the river re-
turned to its lower bed elevation. Again, in summer 1979, when the next sand bar was
passing under the bridge, the cross-sectional elevation of the river became almost iden-
tical to that shown for November 3, 1978. In all probability, during summer 1980, the
cross-sectional shape of the river again looked like the cross section of April 10, 1979.
Thus it is quite possible that a similar sand bar did pass through the state line in late
1978 and early 1979. This phenomenon may or may not repeat itself every year or
every second or third year. Only detailed data collected for a period of 5 to 10 years
would shed some light in this matter.

The sand bar at the state line is not carrying a tremendous amount of sand when
compared to the total suspended load. However, it must be remembered that most of
the suspended load moves downstream into the Illinois River. The movement and the
presence of a sand bar that remains at a location for a long time, such as that near the
state line, reduce the effective depth of water and thus the recreational use of the river
at that location. Thus the total volume of sand moving as a sand bar may not be very
large compared to the total sediment load of the river, but its effect on recreational use
of the river may be very significant.

Some generalized hypotheses regarding the cause and formation of the sand bar
at the state line are made in the next section.

Changes in River Regime

There are many different theories relating to what happens when a river regime
is changed. One is that nature always tries to balance itself to its former appearance or
to a new appearance or shape consistent with existing physical constraints. Throughout
the world there are many examples of the effects of channelization on natural rivers. In
almost all cases, the river tries to go back to its original shape and size. The river tries
to expend a minimum amount of energy to move from one place to another; thus,
when a stream is channelized, it will try to meander and in doing so may initiate erosion
of its banks, scour of its bed, or both. If a river has no meandering tendencies, it must
be concluded that its present shape and size are geometrically correct for the type of
flow and other antecedent conditions present in the river.

For any stable stream, a balance exists between the water discharge, gradient,
sediment load, type of bed material through which the river flows, and other physical
and meteorological variables. However, if a simple approach is taken, the following bal-
ancing relationship of a river seems to work out fairly well.

Qu S ~ Qqd; (38)
All the terms have already been defined. This relationship was originally postulated by
Lane (1955). It can further be explained by the schematic diagram shown in figure 75,
which indicates that a river will remain in balance as long as the product of Q,, and S is
proportional to the product of Qs and ds. A change in any one of these parameters
must be accompanied by a proportional change in other corresponding parameters. It
has been shown that a functional relationship between Q, and Q,, can be developed
(figures 43, 44, etc.). However, no definitive relationship has yet been developed be-
tween S and d;. Therefore, the proportional factor between both sides of the equation
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Figure 75. Schematic diagram of a river in balance

has not yet been fully defined. Equation 38 is still very useful for predicting the changes
in a river that might occur because of man-made alterations. Some of these changes
may not be noticeable immediately, and it may take years before the changes start to
affect the river.

Two hypothetical cases may be used to show what can happen in a river if
changes are made by the users of the river. Figure 76 shows the changes that a river
may experience if the gradient of the river is increased, which might occur as the result
of channelization. Channelization shortens the length of the river, but the bed eleva-
tions ofthe river at points upstream and downstream of the channelized reach remain at
their natural elevations. Thus, the drop between those two points remains the same
although the length of the river has been shortened. Therefore, the gradient S must be
increased as a consequence of straightening the river.

If it is assumed that the materials through which the river flows do not change
and the water discharge remains more or less the same, that is, Q,, and ds are unchanged,
then Qs must increase to compensate for increased S in equation 38. In other words,
the river will pick up relatively large quantities of sediment load from the channelized
reaches and will deposit this extra load in the downstream, unchannelized, natural
reaches of the river. These facts are shown schematically in figure 76.

The observation made in connection with figure 76 may be transposed to the
conditions of the Kankakee River in Indiana and Illinois. It is true that the river was
channelized in Indiana 65 to 70 years ago and that the river is extremely stable in its
present condition; still, it is probable that a situation similar to the hypothetical case
shown in figure 76 is present on the river. If it is assumed that the vertical dotted line
in figure 76 is the boundary line between the two states, then the river should be pick-
ing up an additional load of sediment in Indiana and depositing the same load in Illi-
nois. Before this hypothesis is carried too far, it must be cautioned that many other
variables may be acting either to oppose or to support the situation shown in figure 76.

It has already been shown that the average annual flow at Momence has been
increasing (figure 21), and this may serve to increase the sediment load from Indiana.
Both the Q,, and S have been increased, and the particle size of the bed materials d re-
mains almost unchanged in Indiana. Therefore, Q; had to increase to balance the rela-
tionship between Q, S and Qg ds shown in figure 75. It is therefore quite reasonable to
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Figure 76. Effect of increased gradient in a river

expect that the Kankakee River will be carrying additional amounts of sediment load
from its straightened reaches. Whether or not this is true is yet to be determined, and
the hypothesis can not be fully substantiated based on only one year of data.

Another case to be considered is related to a main river and its tributary. The
question is what happens to a tributary river when the base level on the main river is
lowered by man-made changes, such as dredging. This case is illustrated schematically
in figure 77. Before any changes in the main river occur, the bed elevation at the con-
fluence ofboth the rivers is at the same elevation, and both the rivers are in equilibrium.
If the base level in the main river is lowered, for example by dredging, then the tribu-
tary will try to adjust to this new base level and will start to erode its bed upstream of
its mouth to bring its own bed gradient to conform to that of the main river. In doing
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Figure 77. Effect of lowered base level in the main river on the tributary
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so the tributary will increase its sediment load. However, the main river will be unable
to transport the increased sediment load from the tributary and will in all probability
deposit the sediment in the downstream reaches of the river. This deposition will re-
sult in the formation of sand bars and islands on the main river downstream of its con-
fluence with the tributary. Thus, the whole process may be self-defeating and may re-
sult in an additional problem. Thereafter the dredging and clearing of the main river
has to be continued as an annual maintenance program.

The situation described above may be applicable for conditions near the con-
fluence of the Iroquois and Kankakee Rivers. If dredging is done on the Kankakee
River, the dredged area will be filled in by the sediment load moving either from the
Iroquois River or from the Kankakee River. This may result in the formation of an
island in the Six Mile Pool. This point is also useful to a discussion of the sand bars on
the main stem of the Kankakee River. If these sand bars are removed, in all probability
they will again be filled in by the materials carried by the Kankakee River.

These hypothetical cases are only two of the cases that show some application
of an empirical relationship for the present investigation. Many other cases could be
considered and their implications analyzed.

One unique feature of the Kankakee River is the existence of almost uniform-
sized bed materials along its length upstream of the Six Mile Pool. In its present form
the river cannot expose large-sized particles such as gravel or stones by eroding its bed
or banks, since these are not available, and thus it cannot develop an armor coat. Con-
sequently it cannot increase the size of its bed materials d;. Therefore with changes in
S or Qy, the river will change its sediment load Q.

Hydrographic Map of the Six Mile Pool

The Six Mile Pool, located on the Kankakee River near the City of Kankakee
and upstream of the Kankakee Dam (figure 8), has been created by the Kankakee Dam.
Although this pool is called the Six Mile Pool, it is actually only about 4.3 miles long.

It has already been mentioned that sounding data from this pool were collected
by the Division of Water Resources (DOWR) of the State of Illinois in 1967-1968 and
again in 1977-1978. Some additional sounding data were collected by DOWR and the
crew of the Water Survey in 1979. All these latest sounding data were used to develop
a hydrographic map of the pool.

During the data collection program for the present project, it was noted that
some sand deposits occurred in the Six Mile Pool. Every year some rearrangement or
shifting of sand deposits may occur within the confines of the pool. Thus, any hydro-
graphic map developed for the pool based on 1977-1978 data will reflect the condi-
tions of the pool for 1977-1978 only. Caution must be exercised in extrapolating these
data for 1980 or the future. It is suspected, however, that in 80 to 90 percent of the
area of the pool, the hydrographic map may not change significantly over the years.

Nine hydrographic maps covering the whole length of the pool from the Kan-
kakee Dam through the confluence of the Iroquois and Kankakee Rivers have been de-
veloped. These maps are shown in Appendix Q. Additional copies of the maps are avail-
able from the State Water Survey.
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The hydrographic maps shown in Appendix Q were used to determine the rela-
tionship between stage, storage capacity, and surface areas of the pool. Such a relation-
ship for the Six Mile Pool is shown in figure 78.

The Six Mile Pool acts as a detention reservoir on the Kankakee River. It will
be quite informative to find out the trapping capability of this reservoir compared to
that of other man-made lakes around the country. One of the empirical methods that
has been found to be applicable to this type of analysis is called Brune's method (Brune,
1953). The empirical relationship developed by Brune is shown in figure 79. Here the
trap efficiency of the reservoir is related to its capacity-inflow ratio. The inflow in fig-
ure 79 is the total amount of flow that will pass through the reservoir in a single year.
The third variable in figure 79 is the particle size of the bed materials. Thus, for the
same capacity-inflow ratio, the trap efficiency will vary depending upon whether the
bed materials of the stream consist of fine, medium, or coarse sediments. For the Kan-
kakee River, the bed materials vary from fine to medium sands. For this type of ma-
terials, whenever the capacity-inflow ratio is equal to or less than 0.001, the trap ef-
ficiency becomes zero. Similarly, whenever the capacity-inflow ratio is 1 or more, the
trap efficiency becomes almost 100 percent.

To use figure 79 for determining the trap efficiency of the Six Mile Pool, data
related to the storage capacity and the average inflow to the pool must be known or
computed. Figure 78 gives the capacity at various stages. However, since there is no
gaging station within the Six Mile Pool area, some indirect method must be used to
determine the inflow to the Six Mile Pool. One of the methods that can be used is a
correlation between average flows and drainage areas for the river basin. Such a relation-
ship for the Kankakee River Basin, based on data from 16 gaging stations, is shown in
figure 80. The correlation between @Q,, and D, is excellent, with a correlation coeffi-
cient of 0.99.

The drainage area of the Kankakee River at the Kankakee Dam is 4650 square
miles. With this drainage area, the inflow to the Six Mile Pool becomes 3722 cfs (from
figure 80). Thus, the inflow for one year will be 1.17 X 10'" cubic feet, or 2.69 X 10°
acre-feet. The storage capacity of the Six Mile Pool at the normal pool elevation of 595
ft above msl is 2410 acre-feet (figure 78). Thus, the capacity-inflow ratio becomes
0.0009. With this capacity-inflow ratio, the trap efficiency from figure 79 is zero.
Theoretically, and based on Brune's curve, the trapping efficiency of the Six Mile Pool
is insignificant. This does not mean that some sand will not be deposited in some local
areas, especially near the confluence of the Iroquois and Kankakee Rivers. As a matter
of fact, some sand deposits have already occurred in this area (Appendix Q). The em-
pirical relationship given by Brune is a useful approximate guide and, on the average,
should be fairly accurate.

The above analysis shows that the size of the Six Mile Pool is very small com-
pared to its drainage area. Obviously the self-cleaning action of the pool is keeping it
free of any major sand deposits.
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SUGGESTED PREVENTIVE AND REMEDIAL MEASURES

The preventive and remedial measures and other suggested actions presented
here are based on the analyses and interpretations of the data collected in water year
1979. This is a very short data base, which should be remembered in interpreting the
suggested measures. At present, this is the only data base available for the Kankakee
River Basin, and conclusions, suggestions, and remedial measures must be postulated
on the basis of the analyses of these data.

The preventive and remedial measures suggested here are based on the results of
the present investigation, on an extensive literature review, and on inputs from various
agencies and researchers. Researchers working in the field of sediment transport within
state, federal, and local agencies, as well as those in universities, were contacted. Many
of them were helpful in providing very valuable information.

The analyses of the data presented indicate that, in relative terms, the Iroquois
River carries more suspended sediment load than the Kankakee River (see figure 65).
The data suggest that most of the suspended load from the Iroquois River is carried by
the Kankakee River to the Illinois River. Except near the confluence with the Kankakee
River, sand deposits were not observed on the Iroquois River. On the other hand, even
though the suspended load carried by the Kankakee River at Momence is small com-
pared to that of the Iroquois River, its bed load may be significant, as was attested by
the presence of sand bars in the Kankakee River. These sand deposits are very similar in
nature to the bed materials. They are a major problem on the main stem of the Kanka-
kee River in terms of their impacts on recreational uses, river access for riparian land-
owners, and the aquatic ecosystem.

For this study, these localized sand deposits were surveyed to develop hydro-
graphic maps. The total volume of sand at the State Line sand bar was estimated to be
about 9 to 14 percent of the total load at that location. Thus it is clear that a problem
may exist with an excessive amount of sand moving on the Kankakee River. This prob-
lem may be alleviated by following some preventive and/or remedial measures.

The preventive and remedial measures that are presented here are just sugges-
tions. No design criteria are presented or postulated. Implementation of the following
measures or any other methods will require proper evaluation and engineering design.
Some of the suggested measures are nothing but good engineering and management
practices that should be followed whether or not a problem related to sand transport is
present.

There are two ways to reduce the sediment load in a river: to take preventive
measures, and to take remedial measures. If it is at all possible, it is better to use pre-
ventive measures rather than to have to solve an existing problem. The following six
items are preventive measures that should be given serious consideration:

1)  Best Management Practices (BMPs) on the watershed. These should in-
include the whole watershed, both in Indiana and in Illinois. It is better to
control the source of the sediment than it is to control it once it has reached
the stream. The following BMPs may be suitable for the Kankakee Basin,
especially in relation to agricultural land: access road protection;
conservation cropping systems; conservation tillage systems, such as no
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2)

3)

4)

5)

6)

till, chisel plant, plow plant; contour farming; cover crop; crop residue
use; debris basin; grade stabilization; field border and filter strips; strip
cropping; terraces; grassed waterways; and others. The details of these
methodologies are given by the Illinois Environmental Protection Agency
(1979). These and other methods should help in reducing sheet, rill, and
gully erosion from the watershed.

Proper repair and maintenance of drainage ditches and levees. This can
prevent excessive sediment load in the river. Repair work in which dredged
spoils are dumped on top of the bank (figure 11) should be avoided, since
most of these materials will eventually erode back to the ditch and to the
river. When such repair work is necessary, the exposed banks should be
protected either by artificial means or by natural protection such as seeding.

Minimal disturbance of the banks. If at all possible, the banks of the main
stem of the Kankakee River should not be disturbed. Bank materials of
the river in Indiana are basically sand; roots and vegetation are protecting
these banks. Examples of erosion of the exposed banks have been docu-
mented (figure 9b). If these banks are disturbed by clearing of the vegeta-
tion or trees, the exposed bank may erode and dump the sandy materials
in the river, increasing its sediment load.

Avoidance of structural disturbance of the river. The main stem of the
Kankakee River in Illinois and Indiana (up to Highway 30) is basically
stable. Any man-made disturbance will alter this equilibrium and may ini-
tiate bed and bank erosion. The presence of a skewed railroad bridge up-
stream of Shelby is responsible for initiating bank erosion on the down-
stream left side and then on the right side of the river. This illustrates the
adverse consequences of structural modification on the river.

Reduction of sediment excesses arising from construction activities. Dur-
ing construction activities, excessive amounts of sediment may be released
from the watershed to the stream and its tributaries. There are various
methods available to reduce the sediment load from such activities. Some
of these methods are discussed by the Maryland Department of Water Re-
sources et al. (1972).

Artificial and natural means for preventing erosion. Erosion from the
watershed can be prevented by using near stream vegetation, grassed water-
ways, chemical treatment, soil stabilization, and mulching. For detailed
descriptions of these methodologies, the reader is referred to the work
done by Becker et al. (1974), Barfield et al. (1975), and Kerr and Schlosser
(1977).

The methods described in items 1 through 6 are basically preventive measures
and are preferable to remedial measures. Since sediment may be a problem in a limited
area, some remedial measures that have been used by various researchers and admin-
istrators are described briefly below.

1)

Construction of detention reservoirs, sedimentation ponds, or settling
basins. Sediment carried by the stream can be removed by initially forcing

120



the sediment particles to settle out in a semi-stagnant pool and then re-
moving these settled particles by physical means. Normally, detention
reservoirs and settling basins are designed to remove sediment from water-
sheds of much smaller size that that of the Kankakee River. It is feasible
to use settling basins for sub-watersheds within the Kankakee River Basin
where erosion is a problem. For design, application, and methodology, the
reader is referred to the research done by Ward (1979) and to the six re-
ports done by Ward and other researchers in 1977, 1978, and 1979. For
sediment control structures, the reader is referred to work done by the
U.S. Waterways Experiment Station (1978), Ward et al. (1977b), the Mary-
land Department of Water Resources et al. (1972), and the American
Society of Civil Engineers (1975), among others. Much work has been
done on strip-mined areas and some of it has been described by Byerly et
al. (1978), Curtis (1971a, 1971b, 1971c, 1974), and Vogel and Curtis
(1978).

2)  Development of side channel flood retention basins. Here the flood water
is allowed to move into a side channel flood retention reservoir where the
suspended sediment will settle out. During low flows, these basins are not
affected by the flow from the main channel. Depending upon the size of
the watershed and the size and location of the side channel detention
basins, these basins can be very effective for settling sediment particles.
Work done by Lee (1979) on Horseshoe Lake has shown the effectiveness
of this type of basin.

3) Removal of deposited sediment by dredging. Removing the deposited sed-
iment from the stream, lake, or reservoir by dredging is another remedial
measure that can be undertaken.

The main purpose of describing the above preventive and remedial measures is
to inform the reader about the various alternatives that are available. No comparison is
made between these alternatives, and no suggestion is made as to the suitability of one
over another. Before any remedial measures are adopted, they must be thoroughly in-
vestigated and all the benefits and adverse effects studied. It appears that the preven-
tive measures are the ones that can be adopted and implemented with the least dif-
ficulty.

SUMMARY AND CONCLUSIONS

The hydraulics of flow and sediment transport in the Kankakee River in Illinois
were investigated in a 2-year study partially funded by the Illinois Institute of Natural
Resources. This study was initiated as a direct result of the recommendations made by
the Kankakee River Basin Task Force in their 1978 report.

This report includes a background analysis, an historical perspective of the Kan-
kakee River, descriptions of data collection measures, data analyses, and suggestions
for preventive and remedial measures that can be initiated to reduce the sediment load
in the river.
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The present shape, size, and geometry of any river are the end products of the
inflow characteristics, consistency of bed and bank materials, and man-made constraints.
Historical analysis reveals the stabilities and instabilities of the river. Precise hydraulic
data collected indicate the present condition of the river.

A detailed literature review was made to show the present state of knowledge
of flow hydraulics and sediment transport in rivers. Items such as bed form and flow
resistance, incipient motion of bed particles, and sediment load, including bed load and
suspended load, were discussed from both a theoretical and a practical point of view.
Instrumentation available to measure sediment load was discussed. It was pointed out
that equipment is available for measuring suspended load from streams with midwestern
characteristics, but that no satisfactory equipment is available to measure bed loads of
sandy rivers, which are the common types of rivers in the Midwest.

The history of the Kankakee River from the late sixteenth century to the
present was discussed. Discussions were limited to how the marshy areas in and around
the Kankakee River Grand Marsh were changed, how the river was used for transporta-
tion, how locks and dams were built, how the marsh was used for recreation and hunt-
ing, how the early settlers tried to drain the marsh, and finally how the main marshy
areas in Indiana were channelized in the early part of the nineteenth century. It was
noted that as a result of the channelization of the Kankakee River and its tributary
Yellow River in Indiana, the main stem of the Kankakee River was shortened from ap-
proximately 250 miles to 80 miles and the gradient was increased from approximately
5 inches per mile to about 10 inches per mile. Various attempts that were made to im-
prove the drainage of the Kankakee basin through 1980 were also discussed.

Historical data available for the Kankakee River were analyzed. Flow duration
curves were developed for all the main gaging stations in Illinois. Peak flows from var-
ious gaging stations were analyzed to identify trends. Annual peak flows at Shelby and
Momence showed a trend toward increases from the 1930s through 1979, while peak
flows at Iroquois and Chebanse did not show any trend. Peak flows at Wilmington
showed a jump in the early 1940s that could have resulted from a change in gaging sta-
tion locations. Trend analyses were also performed for the average annual and low flows
from all the stations. Although the low flows did not show any trend, the average flows
from the Momence and Wilmington stations did show a trend toward increases. The
rates of increase of these average flows are almost identical.

Historical precipitation data over the basin were analyzed to test whether or
not precipitation has been increasing. It appears that near the upper part of the basin,
in an area that is about 25 percent of the drainage basin at Momence, the precipitation
is much higher than that at any other place. However, no average trend was observed
for the watershed as a whole.

Cross-sectional data collected in 1967-1968 and 1977-1978 for the river from
the Kankakee Dam to the mouth of the Singleton Ditch were analyzed. The Kankakee
River has experienced both erosion and deposition over this 10-year period. On the
average, deposition exceeded erosion. The banks of the river remained very stable. The
erosion and deposition that took place must have occurred on the bed of the river. The
mouth of the Iroquois River showed substantial amounts of deposition, typical of a
stream whose velocity has suddenly been reduced by the construction of a dam creating
a pool.
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Extensive bed and bank material samples were collected from the river in In-
diana and Illinois. The characteristics of these materials are almost identical. The me-
dian diameters vary from 0.2 to 0.4 mm, and the particles are almost uniform in size.
Particles deposited on the sand bars also showed similar characteristics. The bed ma-
terials from Highway 30 in Indiana to the Six Mile Pool were less than 5 percent silt
and clay except within the Six Mile Pool, where values as high as 30 percent were ob-
served. These high silt and clay contents in the pool are a normal characteristic of any
pool where fine materials settle out due to reduced flow velocity.

Daily suspended sediment data were collected from the Momence, Iroquois,
Chebanse, and Wilmington stations for the 1979 water year. Similar data were collected
biweekly, and more frequently during flooding season, from the State Line and Illinoi
stations. Bed load data were collected from the State Line, Iroquois, and Chebanse sta-
tions. Historical suspended sediment data from the stations at Shelby and Foresman
were gathered from the files of the U.S. Geological Survey. These data were analyzed
to determine rating curves at each station and also to estimate the suspended sediment
load carried by the river at these stations.

A comparison of daily water discharge and sediment discharge indicated that
the peak of sediment discharges does not always correspond to the peak of water dis-
charges. For most stations, antecedent conditions in the watershed affected the peaks
of flood and sediment discharges. At many stations, during various periods in a year
the suspended sediment yield per square mile changed by 100 percent for the same wa-
ter discharge. Thus, it is very difficult to develop a direct relationship between sediment
discharge and water discharge for every gaging station.

Composition of the suspended sediment load carried by the river also changed
from one station to another and from one season of the year to another. During low
flows in the winter and late summer, the suspended sediment load consisted of silt and
clay, but during high flows, the composition of the suspended load changed drastically,
and sandy materials comprised 50 to 80 percent of the suspended load. The Iroquois
and Chebanse stations were exceptions. For these two stations, the composition of the
suspended sediment load remained silt and clay throughout the year.

The composition analyses of the suspended sediment load indicated that in all
probability the suspended load measured at Momence and Wilmington is the total load
carried by the river at those two stations. The Iroquois River carries finer materials as
suspended load, and this gives a cloudy appearance to the water.

Analysis of the daily suspended load from the Illinois stations has shown that
during flooding season and within a period of about 60 to 80 days, approximately 70
to 80 percent ofthe total yearly suspended load passed the four main stations in Illinois.
Thus, extensive samples during flood stages and infrequent samples during other times
of the year may account for about 80 percent of the total yearly suspended load in the
river.

A simple suspended sediment load budget was performed for all the main sta-
tions in Illinois. These analyses have shown that the suspended sediment loads passing
the stations at Momence, Iroquois, Chebanse, and Wilmington in water year 1979 were
157,700 tons, 93,100 tons, 558,500 tons and 932,800 tons, respectively. Suspended
sediment load at the State Line station was estimated to be about 131,900 tons in
wateryear 1979, based on the data from the Momence station.
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The contribution of suspended sediment load by different drainage areas above
the gaging stations of Momence, Iroquois, Chebanse, and Wilmington was different and
indicated the nature and amount of sediment load carried by the river at various loca-
tions. This analysis has shown that for every square mile of drainage area, the Iroquois
River has contributed much higher suspended load than the Kankakee River. For water
year 1979, the suspended load at Momence was 68.7 tons per square mile and for Che-
banse it was 267 tons per square mile. The drainage areas at these two stations are al-
most identical. Thus, the watershed of the Iroquois River is obviously contributing
much more suspended load than the watershed of the main stem of the Kankakee River.

Bed load data were collected at the State Line, Iroquois, and Chebanse stations
through use of a Helley-Smith sampler. This type of sampler was designed for collecting
bed load samples from streams with coarse bed materials in the range of 2 to 10 mm in
size, but the Kankakee River carries as bed load sandy materials in the range of 0.2 to
0.4 mm in size. Thus, the data collected by the Helley-Smith sampler may be of limited
value.

Most of the bed load data collected at the State Line, Iroquois, and Chebanse
stations were measured during flood stages. No significant amount of bed load was ob-
served to move at other times. The particle size characteristics of the bed load materials
at the State Line and Chebanse stations were almost identical to those of the bed ma-
terials. An approximate computation of the daily bed load at the State Line station has
shown that the bed load at this location can occasionally be as high as 45 percent of
the measured total load. However, the total estimated bed load at the State Line station
for water year 1979 was approximately 2200 tons, or about 1.6 percent of the total
load at this station. For the Chebanse station, the total bed load for water year 1979
was about 530 tons, or about 0.09 percent of the total load. No appreciable amount of
bed load was measured at the Iroquois station.

Data were collected for a single year; however, basic data for any sediment
transport data collection program must be collected for a period of 5 to 15 years before
any definitive statements or analyses can be made. Moreover, any natural river such as
the Kankakee River is a dynamic river. It may and will change its bed profile over a
period of time when materials for scour and areas suitable for deposition are present.

A number of active sand bars on the Kankakee River were surveyed to develop
detailed hydrographic maps. One sand bar near the State Line Bridge was monitored,
and it was observed that in summer 1979, this sand bar moved about 18 to 24 inches a
day. This bar was about 150 to 200 feet wide, approximately 1600 feet long, and
about 3 to 4 feet high at the leading edge. Its total volume was estimated to be about
12,000 to 18,000 tons, which is about 9 to 14 percent of the total sediment load (sus-
pended and bed load) at this location. It will take the sand moving as a bar a long time
before it finally moves through the Kankakee River. Possibly the formation of the bar
at the State Line is a recurring phenomenon.

A generalized analysis of changing flow regimes in a river has shown that in-
creasing the gradient of a river having uniform bed materials and slightly increasing
average flows results in an increase in the sediment load in the river. At the same time,
dredging near the confluence of two rivers can increase the sediment load from the trib-
utary and cause the formation of sand bars in the main river.
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A detailed hydrographic map of the Six Mile Pool based on the sounding data
collected in 1977-1978 has been developed. The Six Mile Pool stored about 2400 acre-
feet of water at the spillway elevation of 595 feet above msl. Computations based on
Brune's method were made to determine the trap efficiency of this pool, and it was de-
termined that the trap efficiency is negligible. However, localized sand deposits are
possible and field data that were collected suggested that such deposits have occurred.

Excessive sediment load in a river can be reduced by preventive and remedial
measures. Preventive measures are preferable over remedial measures. Six preventive
measures that have been identified are: 1) Best Management Practices on the water-
shed, 2) proper repair and maintenance of drainage ditches and levees, 3) minimal
disturbance of the banks, 4) avoidance of structural disturbance of the river, 5) reduc-
tion of sediment excesses arising from construction activities, and 6) artificial and
natural means for preventing erosion.

Three remedial measures have been identified: 1) construction of detention
reservoirs, sedimentation ponds, or settling basins; 2) development of side channel
flood retention basins, and 3) removal of deposited sediment by dredging. No compari-
son has been made between any of these measures. However, it appears that the pre-
ventive measures should be given first consideration.

All the basic data that were collected are included in the appendices to this
report.
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NOTATIONS

A.B, = Experimental constants

a = Thickness of bed layer or level above bed

a,b = Coefficients of Qp regression line

a;, by = Coefficients of Q, regression line

C = Concentration of sediment

c = Average concentration

C, = Concentration of sediment with fall velocity w

CL = Lift coefficient (dimensionless)

Cs = Mean suspended sediment concentration

C, = Chezy’s roughness coefficient

C = Coefficient of friction {du Boys)

D = Depth of water

Ds = Drainage area

d' = Sediment thickness

dg = Fall diameter of the bed material

dg = Representative size of bed particle

dys.dse, = Equivalent particle diameters for which 35, 50, 65, and 95 percent,
dgs,dog respectively, of particles are finer in diameter

F = Froude number = V/(gD)"

Fp = Drag force

Fy, = Lift force

Frp = Bed resistance force

Fw = Submerged weight of particle

f = Friction factor (Darcy-Weisbach)

fer = A general functional relationship

fos = Seepage force on the bed of the river

g = Gravitational constant

ip = Fraction of bed sediment in a given grain size

ig = Fraction of bed load in a given grain size

k = Empirical exponent used in bed load equation (equation 17)
k;.kz,ks = Shape factors (k; = ky = 7/4, k; = /6 for spheres)

m = Number of sediment layers in du Boys® analysis

m, n = Coefficients used in the general regression equation (equation 37)
m,; = Empirical exponent used in bed load equation (equation 14)
n = Manning’s roughness coefficient

= Ratio of C to C near the bed

= Probability of a particle eroding
= Average annual flow

= Mean of average annual flows

= Computed bed load

Peak flow in cfs

= Average of peak flows

= Suspended sediment load

= Water discharge

= Average flow for period of record
= Water discharge per unit width

©QPPPLPPL
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NOTATIONS (Concluded)

Bed [oad discharge per unit width

Water discharge at which material begins to move
Suspended load per unit width of channel
Reynolds number

Hydraulic radius

Hydraulic radius with respect to grains
River gradient

Shape factor of the cross section

Slope of energy grade line

Shape factor of the particles

Shape factor of the river reach

Time in years

Uniformity coefficient in particle size distribution
Velocity of water

Average flow velocity

Average critical velocity

Velocity increment between sediment layers
Shear velocity

Top width of river

Depth of water from the bed

Parameter defined in equation 25

Coefficient relating sedimenz diffusion coefficient to momentum diffusion coefficient

Unit weight of sediment

Unit weight of water

Change in river cross-sectional area

Change in top width of river

Momentum diffusion coefficient

Sediment diffusion coefficient

Angle bed makes with horizontal

von Karman constant

Empirical constant used in Einstein’s bed load function (equation 19}
Dynamic viscosity of water-sediment mixture
Kinematic viscosity of water

Density of water

Density of water-sediment mixture

Density of sediment

Standard deviation of the particle sizes

Critical shear stress

Average shear stress

Angle of repose

Einstein’s intensity of bed load cransport parameter

Einstein’s intensity of bed load transport parameter for an individual grain size

Characteristic sediment coefficients

= Einstein's flow intensity parameter (empirical)

Einstein’s flow intensity parameter (analytical)
Fall velocity of the bed materials
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River
mile

110.3
110.3
110.3
109.3
109.3

109.3

107.7
107.7
107.7
106.7
106.7
106.7
105.6
105.6
105.6
104.4
104.4
104.4
103.1
103.1
103.1

Appendix A.

d35, mm

0.22
0.12
0.30
0.10
0.27
0.22
0.10
0.25
0.31
0.26
0.29
0.14
0.30
0.29
0.074

" 0.18

0.35
0.083
0.089
0.33
0.24

dgps M dggs MM

.31
0.13
0.34
0.13
0.32
0.32
0.14
0.28
0.40
0.33
0.33
0.15
0.55
0.33
0.11
0.23
.0.45
0.11
0.13
0.37
0.29

Particle Size Characteristics of the Bed Material from the Kankakee River

0.41
0.15
0.38
0.18
0.37
0.54
0.15
0.33
0.53
0.40
0.37
0.16
2.5

0.37
0.14
0.30
0.63
0.15
0.18
0.43
0.34

dQS’ mm

6.5
0.28
0.52
0.60
0.78
7.1
0.80
0.60

10.0
0.59
0.46
0.90
0.80
1.5
2.3
0.86
0.82
0.98
1.5

2.53
1.48
1.39

1.52
5.83
1,98
1.43
4.80
1.98
1.34
1.48

1.42

2.02

2.34

1.45
1.72

3.96
1.84
1,71

1.89
3.38

1.72
2,94
3.92
1.64
1.69
10.00
1.59

3.11

2.39

1.74
2.62

Percent
stlt & elay
(<0,062 mm)

<30
<7

<25
<20

Remarks

GRAVEL to SILT

Coarse SAND to
Medium to fine
Coarse SAND to

Coarse to fine

SILT
SAND
SILT
SAND

Coarse GRAVEL to fine SAND

Coarse SAND to
Coarse to fine
GRAVEL to fine
Very coarse to
Coarse to fine

Coarse to fine

SILT
SAND
SAND
very fine SAND
SAND
SAND

Coarse GRAVEL to fine SAND

Coarse to fine
Coarse SAND to
Very coarse to
GRAVEL to fine
Coarse SAND to
Coarse SAND to

Coarse to fine

Very coarse to

SAND
SILT
very fine SAND
SAND
SILT
SILT
SAND
very fine SAND
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Appendix A. Continued

Percent

River silt & elay
mile d35, mn dgps mm dgc, mm dgg, mm o U (<0.082 mm)  Remarks

101.2 0.15 0.20 0,27 1.0 1.96  2.79 <5 Coarse SAND to SILT
101.2 0.28 0.33 0.38 0.58 1.40 1.71 - Coarse to fine SAND
101.2 0,10 0.13 0.14 0.3  1.62 - <13 Coarse SAND to STLT
100.0 0.20 0.24 0.30 0.60 1.82 3.15 7 Coarse SAND to SILT
100.0 0.31 0.35 0.38 1.0 1.43 1,54 - Coarse to fine SAND
100.0 0.19 0.24 0.30 0.80 1.90 3.33 8 Coarse SAND to SILT

98.9 0.27 0.21 0.24 0.58 1.45 1.65 - Coarse to fine SAND

958.8 0.33 0.42 0.65 - - 3.53 2 Coarse GRAVEL to very fine SAND

98.8 0.31 0.38 0.43 - 1,54 1.83 - Coarse to fine SAND

98.8 0.15 0.18 0.19 0.39 1.43 2.11 <4 Coarse SAND to SILT

97.4 0.28 0.37 0.76 - 9.54 3.13 <1 GRAVEL to fine SAND

97.4 0.33 0.36 0.38 0.80 1.32 1.48 - Coarse to finme SAND

97 .4 0.15 0.24 0.26 - 2.29 3.21 <6 Coarse to very fine SAND

96,2  0.34 0.46 2.0 - - 4.38 - GRAVEL to fine SAND
96.2 0.38 0.44 0.50 - 1.53 1.71 - Very coarse to medium SAND

96.2 0.12 0.13 0.15 0.78 1.61 1.92 9 Coarse SAND to SILT

95,1 0.13 0.15 0.20 0.60 2.10 2,43 8 Coarse SAND to SILT

95.1 0.29 0.33 0.41 1.1 1.63 1.81 - Coarse to fine SAND

95.1 0.24 0.33 0.40 0.70 1.81 3.08 4 Coarse to very fine SAND

93.6 0.13 0.15 0.17 0.54 1.70 - 10 Coarse SAND to SILT

93.6 0.26 0.31 0.34 0.70 1.85 3.00 - Coarse to fine SAND

93.6 0.25 0.40 0.70 - 7.68 4.42 3 Coarse GRAVEL to very fine SAND
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River

mile
92.7
92.7
92,7
90.9
90.9
90.9
89.0
89.0
89.0

. 86.6

86.6
86.6
85.4
85.4
85.4
84.5
84.5
84.5
84.3
84.3
84.3
82.7
82.7
82.7

d35, mm d50’ mm d65’ mm d95* mm

0.14
0.29
0.26
0.40
0.25
0.13
0.15
0.16
0.23

0.35 .

0.24
0.20
0.31
0.14
.31
0.31
0.33
0.24
0.28
0.13
0.18
0.32
0.20

0.26
0.34
0.70
0.74
0.31
0.16
0.21
0.21
0.31
0.46
0.31
0.23
0.35
0.16
0.34
0.35
0.38
0.33
0.33
0.14
0.22
0.35
0.24

0.51
0.39
4,1
1.6
0.35
0.21

0.24.

0.26
0.40
0.79
0.40
0.26
0.40
0.21
0.41
0.40
0.43
0.44
0.40
0.17
0.24
0.41
0.32

Appendix A.

0.94

1.0
0.67
0.53

0.53

6.5

0.81
0.47
1.0

0.87
0,57
0.80
0.73

4.6

0.71
0.50
1.0

0.67

1,49

7.04
1.50

1.88

1.91
1.90
4.40
1.89
1.56
1.54
1.82
1.22
1.44
1.46
2,70
1.58
1.73
1.51
1.48
1.82

Continued

1.74
1.85
11.82
1.94

2.64

3.13
3.00
2.73
2,77
1.92
1.73
2.00
1.74
1.65
1.75
3.08
- 0,17
2,03
1.77
1.60
2.73

Percent
silt & clay
{<0.062 mm)

20

Remarks

Very co
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
GRAVEL
Coarse
Medium
Coarse
Coarse
Medium
Coarse
Coarse
Coarse
Medium
Coarse
Coarse
Coarse

Coarse

arse SAND to SILT

te fine SAND

GRAVEL to very fine SAND
GRAVEL to very fine SAND
to fine SAND

SAND to SILT

to very fine SAND

GRAVEL to fine SAND

SAND to SILT

to very fine SAND

to fine SAND

te fine SAND

to very fine SAND

to fine SAND

to very fine SAND

to fine SAND

to fine SAND

to fine SAND

GRAVEL to very fine SAND
GRAVEL to fine SAND

SAND to SILT

to very fine SAND

to medium SAND

to very fine SAND
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Appendix A. Continued

Perecent

River silt & elay

mile dss,mnn dSO’ mm d65’ mm d95, nm o U (<0.082 mm)  Remarks
8l.5° 0.25 0.32 0.43 6.2 4,01 2.86 2 Medium GRAVEL to very fine SAND
81.5 0.31 0.34 0.38 0.85 1.40 1.57 - Coarse to fine SAND
81.5 0.17 0.23 0.31 0.70 1.84 2,55 3 Coarse to very fine SAND
81.4 0.32 0.37 0.46 1.1 1.60 2.10 1 Coarse to fine SAND
81.4 0.26 0.31 0.38 1.0 1.94 2.92 5 Very coarse to very fine SAND
79.8 0.18 0.23 0.28 0.74 1,69 2.36 4 Coarse to very fine SAND
79.8 0.33° 0.40 0.51 2.1 1.92 1.88 - GRAVEL to fine SAND
79.8 0.26 0.35 0.46 4.4 2.89 3.07 2 GRAVEL to fine SAND
78.6 0.14 0.20 0.26 0.72 2,12 3.12 .5 Coarse to very fine SAND
78.6 0.32 0.35 0.40 0.90 1.94 2.92 - Coarse to fine SAND
78.6 0.25 0.30 0.35 0.61 1.48 2.20 2 Coarse to fine SAND
77.6 0.16 0.20 0.25 0.54 1.72 2.18 2 Coarse to very fine SAND
77.6 0.38 0.44 0.52 - 1.81 2.08 - GRAVEL to medium SAND
76.0 0.21 0.35 0.50 - 5.54 4.09 1 GRAVEL to fine SAND
76.0 .30 0.34 0.41 1.1 1.53 1,70 - Coarse to fine SAND
74.4 0.22 0.26 0.33 0.55 1.69 2.14 ' 3 Coarse to very fine SAND
74,4 0.30 0.33 0.40 - 1,63 1.68 - Coarse to fine SAND
4.4 ¢.16 0.17 0.19 0.31 1.33 1,64 3 Medium to very fine SAND
72.6 .11 0.13 0.16 0.60 - - 17 Coarse SAND to SILT
72,6 0.31 0.35 -0.41 1.1 1.57 1.50 - Very coarse to fine SAND
72.6 0.11 0.14 0.16 0.51 - - 19 Coarse SAND to SILT
70.9 0.19 0.24 0.30 0.74 1.79 2.55 3 Coarse to very fine SAND
70.9 0.35 0.40 0.45 1.0 1.39 1.72 - Coarse to medium SAND

70.9 0.13 0.16 0.20 0.62 1.93 2,77 8 Coarse SAND to SILT
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River
mile

70.2
70.2
70.2
68.7
168.7
68.7
67.3
67.3
67.3
65.3
65.3
65.3
65.1
664.1
63.3
63.3
63.3
62.6
62.6
62.6
61.6
61.6

dggs MM

0.16
0.33
0.14
0.21
.38
0.11 -
0.15
0.33
0.17
0.21
0.25
0.15
0.26
0.18
0.16
0.34
0.20
0.092
0.31
0.14
0.30
0.20

0.21
0.36
0.16
0.28
0.44
0.14
0.17
0.40
0.21
0.27
0.27
0.17
0.31
0.20
0.16
0.38
0.34
0.11
0.34
0.18
0.32
0.25

0.26
0.44
0.18
0.36
0.53
0.16
0.19
0.50
0.27
0.32
0.34
0.19
0.36
0.21
0.18
0.43
0.40
0.14
0.38
0.23
0.34
0.31
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0.54
1.2

0.38
2.8

1.4

0.35
0.41
0.51
0.67
0.40
0.70
0.34
0.26
0.80
0.55
0.90
0.53
0.63
0.51
0.90

1.93
1.62
1.55
1.96
1.76
1.66
1.51
2.25
1.66
2,04
2.11
1.42
1.56
1.27
1.23
1.37
1.93

1.34
1.96
1.29
1.75

Continued

v

3.13
1.71
2.00
2.69
1.79

1.98
2.88
2.27
3.88
1.55
1.64
2.19
1.54
1.55
1.56
3.25

1.61
2.50
1.50
2.42

Percent
silt & elay
(<0.062 mm)

10

- W e W

Remarks

Coarse SAND to
Very coarse to
Medium to very
GRAVEL to very
Very coarse to
Medium SAND to
Medium to very
GRAVEL to fine
Medium to very
Coarse SAND to
GRAVEL to fine
Medium to fine
Coarse to fine
Medium to fine

Medium to very

SILT

fine SAND
fine SAND
fine SAND
medium SAND
SILT

fine SAND
SAND

fine SAND
SILT

SAND

SAND

SAND

SAND

fine SAND

Coarse to medium SAND

Medium to fine
Coarse SARD to
Coarse to fine
Coarse SAND to
Coarse to fine

Coarse to very

SAND
SILT
SAND
SILT
SAND
fine SAND
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River
mile

6l.1
6l.1
61.1
59.6
59.6
59.6
58.2
58.2
58.2
57.6
57.6
57.6
57.4
57.4
57.4
57.3
57.3
57.3
57.3
57.3
57.3
57.1

dggs 1 dgg, vm  dgg, mm dgg, mm

0.24
0.31
0.14
0.16
0.25
0.21
.14
0.32

0.20

0.20
0.33
0.20
0.21
.31
0.25
0.21
0.28
0.25
0.30
0.30
0.25
0.22

0.31
0.34
0.16
0.21
0.30
0.25
0.15
0.35
0.23
0.25
0.35
0.25
0.24
0.34
0.30
0.24
0.31
0.31
0.31
0.32
0.28
0.26

0.38
0.36
0.18
0.29
0.34
0.30
0.17
0.38
0.27
0.31
0.40
0.31
0.29
0.37
0.36
0.29
0.35
0.36
0.33
0.36
0.31
0.30

Appendix A.

0.90
0.46
0.40
0.62
0.56
0.55
0.24
0.63
0.46
0.57
0.63
0.50
0.70
0.50
.53
0.54
1.1

0.50
0.60
0.43
0.45

g

1.84
1.23
1.48
2.07

1,40

1,60
1.38
2.38
1.48
1.69
1.27
1.61
1.61
1.29

~1.63

1.54
1.28
1.90
1.18
1.30
1.33
1.38

Continued

U

- 2.69
1.40
1.79

1.65
2.15
1.84
1.37
1.86
2.31
1.44
2.50
2.08
1.50
2.19
2.00
1.62
3.18
1.23
1.46
1.67
1.81

Percent
silt & clay
(<0,062 mm)

Remarks

Coarse
Medium
Medium
Coarse
Coarse

Coarse

co

to

very

fine

SAND to
SAND to

to

to

fine

very

fine SAND
SAND
SILT
SILT
SAND
fine SAND

Fine to very fine SAND
medium SAND

Coarse
Medium
Coarse
Coarse
Coarse
Coarse
Medium
Coarse
Coarse
Coarse
GRAVEL
Coarse
Coarse
Medium

Coarse

to
to
to
to
to
to
to
to
to
to
to
to
to
to

to

fine

fine

SAND
SAND

medium SAND

very
very
fine
fine
very
fine
SILT
fine
fine
fine

very

fine SAND
fine SAND
SAND
SAND
fine SAND
SAND

SAND
SAND
SAND
fine SAND
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Appendix A. Continued

: Percent
River stlt & clay
mile dgss mm dgps MM dgg, M dgg, mm g U (<0.062 mm)  Remarks

56.5 .17 0.18 0.21 0.30 1.31 1.43 - Coarse to very fine SAND

56.5 0.30 0.31 0.33 0.45 1.15 1.14 - Coarse to fine SAND

56.5 0.15 0.16 0.17 G.24 1.17 1.42 1 Coarse to wvery fine SAND

55.5 0.15 0.16 0.18 0.25 1.29 1.70 2 Medium to very fine SAND

55.5 0.32 0.33 0.36 0.57 1.21 1.36 - Coarse to fine SAND

55.5 0.16 g.18 0.20 0.24 1.28 1.58 2 Medium to very fine SAND

55.1 0.22 0.27 0.30 0.50 1.45 1.61 - Coarse to fine SAND

54.8 0.30 0.33 0.35 0.73 1.28 1.31 - Coarse to fine SAND

54.7 0.32 0.34 0.39 0.47 1.24 1.48 - Coarse to fine SAND

53.8 0.3l 0.34 0.37 0.51  1.28  1.64 - Coarse to fine SAND

53.8  0.26 0.30 0.35 0.74  1.42 1.62 - Coarse to fine SAND

53.8  0.30  0.33 0.35 0.45 1.22 1.36 - Medium to fine SAND

53.2 0.37 0.30 0.34 0.47 1.32 3.00 - Coarse to fine SAND

52.2 0.31 0.33 G.36 - .62 1.24 2.06 - Coarse to fine SAND

51.5 0.22 0.25 0.28 0.49 1.41 1.69 - Medium to fine SAND

50.9 0.27 0.32 0.38 3.0 1.52 1.90 - Medium GRAVEL to very fine SAND
50.9 0.20 0.31 0.41 1.0 2,16 4,22 <7 Coarse SAND to SILT

50.8 0.35 0.45 0.70 - 4,27 3.00 1 Coarse GRAVEL to very fine SAND
50.8 0.31 0.37 0.43 0.90 1.67 2,56 4 Coarse to very fine SAND

50.8 0.22 0.28 0.40 5.0 2,97 2.27 2 Medium GRAVEL to wvery fine SAND
50.8 0.28 0.31 0.34 0.50 1.35 1.83 3 Medium to very fine SAND

50.8 0.31 0.35 0.41 0.90 1.59 2,17 4 Coarse to very fine SAND

50.8 0.23 0.29 0.34 0.78 1.65 2,29 - Coarse to fine SAND
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Appendix A. Continued

Percent
River silt & clay
mile dge, mm  dgp, mm dgs, mm dgs, mm o U (<0.062 mm)  Remarks
49.6 0.30 0.32 0.34 0.52 1.28 1,45 - Coarse to very fine SAND
48.0 0.28 0.33 0.39 " 0.64 1.54 1.95 - Coarse to fine SAND
46.4 0.22 0.26 0.39 - - 2,06 <1 GRAVEL to very fine SAND
45.8 0.21 0.23 0.25 .32 1.26 1.60 - Coarse to fine SAND
44.6 0.36 - 0.43 0.51 - 4.32 2.33 2 Coarse GRAVEL to very fine SAND
44,2 0.28 0.30 0.32 0.60 1.23 1.29 - Coarse to fine SAND
42.9 0.27 0.30 0.34 0.48 1.26 1.45 <1 Coarse to very fine SAND
41.6 0.22 0.30 0.39 0.90 - - <18 Coarse SAND to SILT
40.3 0.35 0.42 0.47 - 6.13 1.88 - Coarse GRAVEL to fine SAND
40.3 0.27 0.30 0.33 0.74 1.34 1.45 <2 Coarse to very fine SAND
40.3 0.43 0.53 3.3 - - 6.00 <2 GRAVEL to very fine SAND
38.5 ¢.31 0.32 0.34 0.60 1.27 1.94 6 Coarse SAND to SILT
38.5 0.27 0.39 0.46 - 2.05 3.14 <2 Coarse to very fine SAND
38.5 0.20 0.28 0.41 - 4,36 - 9 GRAVEL to SILT
37.1 0.35 0.42 0.48 1.5 1.78 2.88 - GRAVEL to fine SAND
37.1 0.25 0.27 0.29 0.48 1,29 1,47 <4 Coarse to very fine SAND
37.1 0.29 0.35 0.42 1.0 2.00 4,21 7 Coarse SAND to SILT
23.5 1.5 2.8 6.2 - - 11.11 - GRAVEL to fine SAND
2.1 0.70 1.4 2.3 - 5.18 14,29 6 Coarse GRAVEL to SILT
2.1 0.23 0.28 0.34 0.56 1.56 2.46 6 Coarse SAND to SILT
2.1 0.35 0.44 0.51 . - 2.05 4,90 7 Very coarse SAND to SILT
2.1 0.21 0.30 0.43 - - - 15 Very coarse SAND to SILT
2.1 0.30 0.43 0.50 . - 3.44 - 12 Very coarse SAND to SILT

2.1 0.095 0.13 0.20 - - - 24 Very coarse SAND to SILT



I+

River
mile

dggs 1 dggy 1 dgg, mm

0.18
.31
0.15
0.15

0.35
0.37
0.31
0.31

0.49
0.43
0.43
0.44
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d'95, mm

1.0

Concluded

Percent
silt & clay
(<0,062 mm)

18

7
22
22

Remarks

- Very coarse SAND to

Very coarse SAND to
Very coarse SAND to
Coarse SAND to SILT

SILT
SILT
SILT
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Appendix B. Particle Size Characteristics of the Bed Material from the Six Mile Pool

Percent
River silt & clay
mile dzes v dsp, mm dgs, MM dge, 1M o U (<0.062 mm)  Remarks
36.8 0.18 0.30 0.39 - 2.36 - 11 ., Very coarse SAND to SILT
36.8 0.11 0.23 0.32 0.93 - - 25 Coarse SAND to SILT
36.5 0.34 0.38 0.42 0.80 1.44 1.64 2 Coarse to fine SAND
36.5 0.33 0.35 0.40 0.67 1.30 1.50 5 Coarse to very fine SAND
36.5 0.22 0.26 0.31 0.46 1.50 2.23 6 Coarse SAND to SILT
36.5 - 0.10 0.16 1.0 - - <39 Coarse SAND to SILT
36.3 0.36 0.43 0.46 0.84 1.37 3.00 3 Coarse to very fine SAND
36.3 0.23 0.26 0.29 0.40 1.34 1.65 4 Medium to very fine SAND
36.3 0.13 0.15 0.17 0.75 1.49 1.98" 4 Coarse to very fine SAND
36.2 0.38 0.47 0.63 - - 5.89 6 GRAVEL to SILT
36.2 0.31 0.35 0.40 (.58 1.39 1.95 4 Coarse to very fine SAND
36.2 0.22 0.25 0.27 0.48 1.34 1.44 2 Medium to fine SAND
35.9 0.32 0.35 0.41 - 1.58 1.43 2 Very coarse to fine SAND
35.9 0.31 0.36 0.41 0.71 1.44 1.90 2 Coarse to very fine SAND
35.9  _ 0.26 0.29 ¢.61 0.70 1.81 6.00 3 Coarse to very fine SAND
35.8 0.16 0.21 0.26 4.0 - - 17 GRAVEL to SILT
35.8 0.27 0.31 0.35 0.60 1.38 1.89 5 Coarse SAND to SILT
35.6 0.30 0.34 0.40 0.50 1.46 3.80 6 Coarse SAND to SILT
35.6 0.30 0.34 0.38 0.57 1.36 1.76 4 Coarse to very fine SAND.
35.4 0.35 0.54 1.9 6.8 5.82 6.67 2 Medium GRAVEL to very fine SAND
35.4 0.25 0.29 0.33 0.50 1.38 1.82 3 Medium to very fine SAND

35.4 0.23 0.25 0.28 0.41 1.89 1.59% - Coarse to fine SAND




34!

River

mile

34.
36,
3.
34,
34,
34,
34,
34.
34,
3.
34.
34.1
33.7

.7
33.7
.4

33

33

33.
33.
33.
33.
32.
32,
32,

9
9
9
3
5
5
3
3
3
1
1

4
4
0
0

8 -

8
8

0.21
0.21
0.34
0.090
0.22
0.082
0.29
0.26
0.095
0.10
0.11
0.14
0.17
0.098
0.11
0.12
0.22
0.25
0.19
0.15
0.22
0.70

0.24
0.22
06.50
0.13
0.31
0.13
0.34
0.40
0.11
0.18
0.15
0.20
0.21
0.13
0.21
0.20
0.42
G.37
0.24
0.22
0.28
1.50

0.26
0.23
1.9

0.16
0.41
0.21
0.40
0.81
0.13
0.32
0.21
0.23
0.25
0.17
0.37
0.22
0.93
0.46
0.35
0.33
0.36
3.0
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0.84
0.40

1.0

0.80

0.90

0.84

1.96
2.34

8.81
2.55
5.26
2.63
1.91

Concluded
Percent
gilt & clay
U (<0.062 mm)  Remarks.
- 18 Coarse SAND to SILT
2.30 9 Coarse SAND to SILT
8.46 6 GRAVEL to SILT
- 28 Very coarse SAND to SILT
- 12 GRAVEL to SILT
- 7 GRAVEL to SILT
- 33 Very coarse SAND to SILT
2.71 <6 Coarse SAND to SILT
6.78 6 GRAVEL to SILT
- 24 Coarse SAND to SILT
- <29 Very coarse SAND to SILT
- 16 Coarse SAND to SILT
3.14 8 Coarse SAND to SILT
- <15 Very coarse SAND to SILT
- <23 Coarse SAND to SILT
- 20 Very coarse SAND to SILT
- <28 Coarse SAND to SILT
8.44 9 Coarse GRAVEL to SILT
- <12 Very coarse SAND to SILT
3.33 7 Coarse GRAVEL to SILT
- <16 Coarse SAND to SILT
2.54 <5 Coarse SAND te SILT
10,91 <1 Medium GRAVEL to fine SAND
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River

mile
35.3
35.3
35.3
35.3

Appendix C-I. Particle Size Characteristics of the Core Samples
in the Six Mile Pool

_ , Percent
Depth of : n stlt & clay
core (ft) dss,mm dso,mm dgs,mm dgs,mm 0 U (<0.082 mm)
0-0.5 0.23 -~ 0.25 0.27 0.40 1.17 1.30 -
0.6-1.0 0.25 0.25 0.27 0.45 1.14 1.24 -
1.1-1.5 0.24 0.25 0.27 0.40 1.21 1.30 -
1.6-1.9 0.23 0.25 .26 0.43 1,13 1.30 -

Remarks
Coarse
Coarse

Coarse

Coarse

to
to
to
to

fine SAND
fine SAND
fine SAND
fine SAND
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River
mile

57.21
57.21
57.21
57.21
57.21
57.21
57.21
57.21
57.21
57.21
57.21

57.21
57.21
57.21
57.21
57.20
57.20
57.20

Date

7/23/79
7/23/79
7/23/79
7423779
7123779
77123479
7/23/79
7/23/79
7423779
7/23/79
7123779

/237719
7123779
7723479
F/23/79
8/15/79
8/15/79
8/15/79

Appendix C-II.

Digtance
from left
bank* (ft)

40
40
80
80
80
80
80

130

130

130

130

49
80
80
130
25
35
45

Depth
of core

{(ft)

0.0-0.4
0.5-0.9
0.0-0.4
0.5-0.8
0.9-1.1
1.2-1.5
1.6-1.7
0.0-0,5
0.6-1.0
1.1-1.5
1.6-2.Q

d35, rm

0.30
0.25
0.29
0.24
0.23
0.24
0.24
0.28
0.27
0.25
0.29

0.30
0.22
0.29
0.3t
0.16

dggs 1 dgg,

0.32
0.27
0.33
0.27
0.25
0.27
0.26
0.3
0.30
0,28
0.32

0.31
0.24
0.3t
0.32
0.19
0.11
0.10

d95’ b

Core Samples

0.34
0.30
0.35
0.30
0.28
0.29
0.28
0.34
0.32
0.31
0.35

0.56
0.44
0.71
0.42
0.40
0.43
0.40
0.48
0.40
0.43
0.52

Bed Material Samples

0.33
0.27
0.33
0.3
0.22
0.20
0,23

0,44
0,40
0.40
0.50
0.41

0.70

1.25
1.27
1.37
1.30
1.31
1.29
1.27
1,27
1.21
1.33
1.34

1.12
1.32
1.10
1.13
1,48

¢

1.50
1.45
1.55
1.61
1.42
1.56
1.59
1.50
1.41
1.50
1.55

1.19
1.44
1.19
1.22
2,56

Fereent
gtlit & clay
f<0.062 mm)}

Particle Size Characteristics of the Bed Material from the State Line Sand Bar

Remarks

Coarse
Coarse
Coarse
Medium
Medium
Med ium
Medium
Coarse
Medium
Medium

Coarse

Coarse
Coarse
Medium
Coarse
Med{um
Coarse

Coarse

to
to
to

to

to
to
to
to
to

to

to

to

fine SAND
fine SAND
fine SAND
fine SAND
fine SAND
fine SAND
fine SAND
very fine SAND
fine SAND
fine SAND
fine SAND

fine SAND
fine SAND

SARD

to

medium SAND

SAND to SILT
SAND to SILT
SAND to SILT
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Appendix C-II. Continued

Digtance Depth Percent
River From laft of core gilt & clay
mile Date bank* (1) (ft} dﬁ.‘}‘ i d50-‘ mnt dﬁ&-’ mn d95’ mn o U {<0.062 nm}  Remarks
57.20 8/15/79 55 - 0.21 0.24 0.27 Q.44 1.57  3.21 8 Coarse SAND to SILT
57.20 8/15/79 65 - 0.23 0,25 0,28 0.43 1.32 1.80 4 Coarse to very fine SAND
57.20 8/15/79% 75 - 0.27 0.32 Q.37 Q.50 .45 1.94 - Coarse to fine SAND
$7.20  8/15/79 a5 - 0,27 0.2% 0.31 0.40 1,17 1.43 - Medium to fine SAND
57,20 8/15/79 95 - o, 27 0.29 0.30 0.40 I.17 1.43 - Medium to fine SAND
57.20 8/15_}?9 105 - 0,22 0,25 0.29 0.42 1.93 1.42 - Medium to fine SAND
57.20 8/15/79 115 - 0.29 0.31 0.32 0.48 1.14 1.24 - Hedium to fine SAND
57.20 8/15/79 125 - 0.28 0.31 0.35 0.51 1.30 1.48 - HMedium to fine SAND
57.20 8/15/7% 135 - 0.28 0,31 0.33 D.45 1.16 1.32 - Hedium to fine SAND
57.20 8/15/7% 145 - 0,27 0.30 0.34 0,48 1.2 1,57 - Medium to fine SAND
57.20 8/15/79 155 - 0.26 0.27 0.29 0,41 1,18 2,80 - Medium to fine SAND
57.20 8/15/79 165 - 0,24 0.26 0,30 0,72 1.41 1,81 1 Coarse to very fine SAND
57.20 8/15/79 170 - 0.28 0.31 0.34 0.45 1.27 1.43 - Medium to fine SAND
57.20 8/15/79 180 - 0.30 0.33 0.38 5.0 1.61 3.60 - Medium GRAVEL to fine SAND
57.20 8/15/79 190 - 0.21 0.24 0.28 0.44 1.41 1.69 - Medium to fine SAND
57.26  B/15/79 125 - 0.30 0,34 0,39 0.59 1.34 1,68 - Course to fine SAND
57.26 B/16/79 24 - 0.24 0.26 0.31 0.45 1.31 1.58 - Coarse to fine SAND
57.26 8/16/79 30 - 0.28 0.30 0.32 0.438 1.18 1.29 - Coarse to fine SAND
57.26  B8/16/79 40 - 0.3t 0.33 0.35 0.50 1.22 1.36 - Coarse to fine SAND
$7.26  B/16/79 60 - 0.30 0.33 0.36 0.50 1.23 1.40 - Coarse to fine SAND
57.26 8/16/7% 80 - 0,28 0,32 0.35 0.50 1.28 1.42 - Coarse to flpne SAND
$7.26 B/16/79 100 : _— 0.26 0.29% 0.32 0.41 1,21 1,35 - Coarse to fine SAND

57.26 8/16/7% 120 - .30 0.34 0.40 0.64 1,40 1,63 - Coarse to fine SAND
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River
mite

57.26
57.26
57.26
57.26
57.26
57.26
57.30
57.30
57.30
57.30
57.30
57.30
57.30
57.30
57.30
57.40
57.40
57.40
57,40
57.40
57.40
57.40

Date

B8/16/79
8/16/79
8/16/79
8/16/79
8/16/79
8/16/79
8/15/79
8/16/79
B/16/79
B/16/79
B/16/79
B/16/79
B/16/79
8/16/79
B/16/79
8/15/19
8/16/79
8/16/79
B/16/79
8/16/79
o B/16/79
8/16/79

Distance
from Left
bank* (ft}

140
160
180
200
220
230
90
10
20
40
60
80
100
120
130
90
10
20
30
50
70
90

Depth
of core

(ft)

dggs v dgp,

0.31
0.31
0.31
0.30
0.090
0.16
0.27
0.31
0.31
0.28
0.30
0.30
D.30
0.34
0.12
0.31
0.26
0.27
0.31
0.33
0.31
0.31
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Q.32
0.33
0.34
0.32
.15
0.21
0.30
0.34
0.33
0.31
0.31
0.31
0.32
0.39
0.13
0.33
0.30
0.31

0.32

0.39
0.32
0.32

Continued

dggs rm  dggs rm

0.35
0.35
0,36
0.35
0,27
0.30
0,32
0.38
0.35
0.34
0.34
0.3
0.35
0.40
0,16
0.36
0.32
0.34
0.3
0.43
0.35
0.3

0.64
0.54
0.48
0.50
1.0

0,48
0.54
0.51
0.51
9.50
0.52
0.49
0.56
0.35
0.54
0.48
0.51
0,60
0.60
0.60
0.47

i.21
1,24
1.23
1.29

2,57
1.23
1,28
1.25
1.27
1.19
1.27
1.28
1.27
1.44
1.55
1.37
1.37
1.17
1.42
1,32
1.19

¥

L.36
1.42
1.40
1.62

1.35
I.54
1.42
1.50
1.27
1.38
1.42
1.67
1.52
2.06
1.94
1.65
1.22
.75
1.52
1.32

Percent
stit & clay
{<@,062 mm)}

Remarks

Coarse
Coarse
Coatse

Coarse

to fine 5aMD
te fine SAND
to fine S5AND

[oLe]

Very

fine SAND

Very coarse SAND to S5ILT

Very coarse SAND to SILT

Coarse
Coarsge
Coarse
Coarse
Loarse
Coarse
Coarse
Coarse
Med ium
Coarse
Coarse

Coarse

‘Coarse

Coarse
Coarse

Coarse

to
o
to
to
to
| o£e]
to
=]
to
Lo
4]
to
Lo
to
to

£o

fine
fine
fine
fine
fine
fine
fine
fine

very

SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
fine SAND

medium SAND

very

fine

fine SAND
SAND

med {um SARD

fine

fine

SAND
SAND

medium SAND



841

River
mile

57,40
57.40
57.40
57.60
57.18
57.18
57.18
57.18
57.18
57.20
57,26
57.30
57.40
37.60

Date

8716779
8/16/79
8/16/79
°8/15/79
11/2/79
11/7/79
1L/7/79
11/7/79
11/7/79
/7479
11/7/7%
11/7/79
1177479
11/7/79

Distance
Jrom left
bank* (ft)

110
120
130
90
30
60
90
120
150
a0
125
90
0
20

*When locoking downstream

Depth
of core
{fe}

dggs v dgg, v dgg,

0.33
0.29
0.15
0.1
0.27
0.30
0.28
0,27
0.32
0.30
0.23
0.30
0.28
0.30

0.37
0.3t
0.25
0.32
0.30
0.35
0.30
0.32
0.34
0.33
0.26
0.32
0.30
0.3

Appendix C-II. Concluded

0.41
0.33
0.70
0.34
0.3
0.41
0.32
0.37
0.36
0,35
0,30
0.35
0.31
0.32

d95’ n

0.55
0.50
0.48
0.40
0.57
0.41
0.54
0.70
0.49
0,50
0.55
0.44
0.44

1.28
1.30

1.13
1.16
1.44
1.11
1.46
1.23
1.27
1,39
1.28
1.18
1.10

v

1.60
1.60

1.18
1.41
1.82
1,19
1.67
1,21
1.42
1,47
1.42
1.35
1.19

Percent
silt & clay
{<2.062 mm)

Remarks

Coarse
Coarse
Coarse
Coarse
Medium
Coarse
Medium
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Medium

to medium SAND
to fine SAND
GRAVEL to SILT
to medium SAND
to fine SAND
to fine SAND
SAND

to fine SAND
to medium SAND
to fine SAND
to fine SAND
to fine SAND
to Eine SAND
SAND



6F1

River
m.le
51.5
51.5
45.8
45.8
45.8
45.2
44.7
44.2
44,2

Appendix C-III.

Sand bar
number

O L W W W e N

0.24
0.22
0.26
0.25
0.25
0.30
0.38
0.31
0.29

0.28
0.24
0.27
0.29
0.27
0.34
0.44
0.35
0.31

dggomm  dgp.mm dgg,mm

0.33
0.27
0.29
0.32
0.29
0.40
0.49
0.38
0.34

d95,mm

0.49
0.40
0.39
0.44
0.47
0.70
0.73
0.74

1.43
1.30
1.14
1.30
1.24
1.37
1.46
1.32
1.37

U

1.72
1.44
1.22
1.48
1.40
1.65
1.81
1.54
1.57

stlt & clay
(<0.0€2 nm)

Remarks

Medium
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse

Coarse

Particle Size Characteristics of the Bed Material-Kankakee River
Sand Bars

to
to
to
to
to
to
to
to

to

fine
fine
fine
fine
fine
fine
fine
fine

fine

SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
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Appendix D.

River
mile

79.8
78.6
78.6
72.6
72.6
72.6
70.2
70.2
67.3
67.3

d35, mm

0.26
0.13
0.23
0.13
0.16
0.091
0.24
0.26
0.23
0.23

0.33
0.14
0.27
0.15
0.24
0.13
0.31
0.31
0.30
0.28

dggs mm  dgg, mm

0.40
G.15
0.33
.17
0.31
0.17
0.35
0.35
0.40
0.33

d95, mm

1.0

0.26
0.61
0.41
0.64
0.54
0.67
0.77
0.80
0.60

1.88
1.38
1.62
1.57
2.63

1.85
1.65
1.90
1.18

U

3.08
1.81
2.46
2.13

3.40
2.62
2.57
3.87

FPeprcent
silt & clay
(<0.,062 mm)}

et B FUREE R <

14
15

[T L ]

Remarks

Coarse to very
Medium to very
Coarse to very
Medium SAND to
Coarse SAND to
Coarse SAND to
Coarse to very
Coarse to very
Coarse to very

Coarse to very

fine
fine
fine
SILT
SILT
SILT
fine
fine
fine
fine

Particle Size Characteristics of the Bank Material from the Kankakee River in Indiana

SAND
SAND
SAND

SAND
SAND
SAND
SAND
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River
mile

57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2

57.2..

57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2

Date

11/3/78
11/3/78
11/3/78
11/3/78
11/3/78
11/3/78
11/3/78
3/13/79
3/13/79
5/4/79

5/4/79

5/4/79

6/1/79

9/26/79
9/26/79
9/26/79
9/26/79
9/26/79
9/26/79

Appendix E.

Distance
from left
bank* (ft)

30
60
20
120
150
180
210
75
175
50
100
150
100
80
120
160
165
170
180

3

0.14
0.29
0.31
0.31
0.24
0.29
0.20
0.29
0.31
0.31
0.29
0.31
0.23
0.28
0.31
0.28
0.26
0.24
0.25

d 5o d

at State Line Bridge and Illinoi

50°

Kankakee River at State Line Bridge

0.18
0.31
0.32
0.33
0.28
0.32
0.23
0.34
0.33
0.34
0.31
0.32
0.25
0.31
0.34
0.30
0.29
0.27
0.29 7

0.22
0.33
.35
0.35
0.31
0.34
0.26
0.39
0.35
0.38
0.33
0.34
0.29
0.34
0.40
0.31

0.33

0.31
0.33

nm dss,mm d95,mm

6.5
0.53
0.56
0.54
0.49
0.57

0.49

0.59
0.60
0.54
0.52
0.47
0.47
0.45
0.55
0.50
0.50
0.50
G.50

9.92
1.15
1.51
1.18
1.30
1.27
1.51
1.37
1.24
1.30
1.19
1.12
1.33
1.30
1.74
1.53
1.34
1.40
1.45

U

2.04
1.17
2.00
1.21
1.50
1.32
1.85
1.61
1.26
1.61
1.28
1.27
1.65
1.57
6.95
2.07
1.48
1.58
1.55

Particle Size Characteristics of the Bed Material

Percent
silt & clay
(<0.082 nmm)

<5

Remarks

Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Coarse
Medium
Coarse
Medium
Meddium
Medium

Coarse

gravel to SILT

to
to
to
to
to
to
to
to
to
to
to
to
to

to

medium SAND
medium SAND
medium SAND
fine SAND
medium SAND
very fine SAND
fine SAND
medium SAND
fine SAND
fine SAND
medium SAND
fine SAND
fine SAND
fine SAND

SAND

to
to
to

fine SAND
fine SAND
fine SAND
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River
mile Date
5.6 3/6/79

5.6 3/13/79
5.6 3/13/79
5.6 3/13/79
5.6 3/13/79

Distance
from left
bank* (ft)

25
20
30
35
50

*When looking downstream

3

0.15
0.22
0.32
0.26
0.27

Appendix E. Concluded

ds,m dso,m des,m dgs’m o

Singleton Ditch at Illinoi

0.16 0.18 0.21 1.29
0.28 0.35 - 1.80
0.39 0.42 0.63 1.46
0.31 0.34 0.80 1.54

0.35 0.47 - -

U

1.55
2.46
2.05
2.54
3.23

Percent
stlt & clay
(<0.0882 mm)

Remarks

Fine to very fine SAND
Very coarse SAND to SILT
Coarse to fine SAND
Coarse SAND to SILT
Very coarse SAND to SILT
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River
mile

0.0
0.0
0.1

6.5
6.5
6.5
6.5
6.5
6.5
6.5
6.5
6.5

50.4
50.4
50.4
50.4
50.4

Appendix F.

d35, mm

0.24
0.18
0.20

0.48
1.2
0.52
0.50
0.81
1.3
0.97
1.5
0.85

0.21
4.0
2.2
0.16
1.2

Particle Size Characteristics of the Bed Material from the Iroquois River

dsa, mm d65’ mm
0.26 0.38
0.23 0,27
0.22 0.25
0.67 1.1
1.9 2.8
0.80 1.5
0.66 1.0
1.3 2,1
2.3 3.7
1.6 2.7
2.3 3.8
1.4 2.4
0.47 1.4
5.3 -
0.19 0.27
2.8 5.7

déS’ mm

1.0
¢.07

2,18
2.20
1.53

u

1.60
3.71
2.00

Pereoent
stlt & clay
(<0.062 mm)

[ JSRY = S WV

Iroquois River near Chebanse

6.3

Iroquois

2.65 2.97 -
4.22 8.33 -
4,58 4,00 -
2.77 3.46 2
3.30 6.43
- 7.80 -
- 9.17 2
- 6.52 -
- 5.76 -
River at Iroquois
7.99 - 15
- - 2
- 22,69 1
2.97  2.88 7
- 45.00 9

Remarks

Very coarse to very fine SAND

Coarse

Coarse

GRAVEL
GRAVEL
GRAVEL
Coarse
Coarse
Coarse
GRAVEL
GRAVEL
GRAVEL

Coarse
Coarse

Coarse

SAND to SILT
SAND to SILT

to fine SAND
to fine SAND

to very fine SAND

GRAVEL to
GRAVEL to
GRAVEL to

very fine SAND
very fine SAND
fine SAND

to fine SAND
to very fine SAND

to very fine SAND

GRAVEL to
GRAVEL to
GRAVEL to

Very coarse SAND

Coarse

GRAVEL to

SILT

very fine SAND
very fine SAND
to SILT

SILT
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Appendix F. Concluded

Percent
River stlt & eclay
mile d35’ nm dsa, nm d65’ mm d95, mm o 74 (<0.062 mm)  Remarks
50.4 1.4 3.3 6.0 - - 22.73 1 Coarse GRAVEL to very fine SAND
50.4 0.13 0.14 0.16 6.0 4.32 1.92 6 Coarse GRAVEL to SILT
50.4 0.30 0.48 0.92 - 5.85 4.80 2

Coarse GRAVEL to very fine SAND
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River
mile

57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2
57.2

6.5

Date

3/31/79
3/31/79
4/2/79
4/3/79
4/5/79
4/12/79
4/16/79
4/20/79
4721779
4/29/79
4/29/79
5/1/79
5/1/79
5/4/79
5/4/79
5/4/79
5/7/79
5/10/79
5/23/79
9/14/79

3/31/79

50
50
50
50
75
75
50
100
50
50
100
50
100
100
125
175
125
50
125
100

120

*When looking downstream

Appendix G.
Distance
from ileft

bank* (ft) z

dggomm  dg,smm

dSS’

nm d95,mm

g

Kankakee River at State Line Bridge

0.30
0.30
0.29
0.30
0.33
0.30
0.31
0.32
0.30
0.30
0.30
0.30
0.31
0.30
0.37
0.36
0.36
0.30
0.31
0.32

0.38

0.32
0.31
0.30
0.32
0.34
0.32
0.33
0.33
0.31
0.32
0.31
0.31
0.32
0.31
0.40
0.38
0.39
0.32
0.32
0.33

0.40

0.32
0.32
0.31
0.32
0.37
0.34
0.35
Q.35
0.32
0.33
0.32
0.32
0.32
0.32
0.43
0.40
0.42
0.34
0.33
0.34

0.45

0.37
0.38
0.37
.38
0.57
0.50
0.34
0.65
0.37
0.39
0.48
.40
.60
0.55
0.60
0.70
0.73
0.43
0.60
.60

Iroquois River near Chebanse

1.30

.09
.10
.07
.12
.16

— = e e

1.16
1.13
1.07
1.10

1.06

1.08
1.16
1.13
1.22
1.21
1.25
1.16
1.13
1.18

1.29

.15

U

1.18
1.19
1.15
1.14
1.29
1.18
1.21
1.17
1.14

1.18

1.07
1.14
1.14
1.11
1.45
1.25
1.37
1.27
1.10
1.17

1.23

Particle Size Characteristics of the Bed Load

Percent
stlt & clay
(<0.082 mm)

Remarks

SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND
SAND

SAND



ate

11/3/78
11417778
12/5/78
12/13/78
12/18/78
36719
3/6/79
347779
/7179
/879
378179
3f/8/79
3/9/79
3/9/7%
3/9/79
310479
313479
3/13/79
3714479
314779
1715479
/15479
3/16/79
31979
If26/7%
/29479
373079
331479
3/31479
411779
&f1f7%
4f2479
&/2/79
8f3/79
4f3/79
4faf7e
af4/79
4f5(79
4f5/T0
LIB/T1S
4/10/79
4/12/79
412479
4713779
/13179
4716779
4716479

NR = Mot Recorded, G.H. = Gage Height

Time

of day

fhrl

1312
1133
1030
1357
1308
0915
1811
0825
1550
0844
1400
1648
0728
1145
1535
0856
1109
1647
0926
1730
1023
iny
0906
1222
1215
1021
1614
1005
1702
0933
1533
0905
1642
0500
1715
1014
1548
0924
1650
09535
1208
1312
1719
102
1527
1141
1647

s

{pp)
18
42
21

4
35
a7
71
-1
23
LE]
9?7

119
78
113
L1
49
48
36
34
56
36
9
31
2
22
18
30
36
31
37
32
33
30
30
22
26
a
21
24
22
is
5
1
42
18
23
20

Appendix H.
v )
{Fpel (')
1.3% 2,36
1.41 2.34
1.44 3.3
1.44 3.25
1.52 3.25
NR KR
HR NRE
NR KR
HE HR
NR NR
WR o)
HR HR
2.3% 8.48
HR HE
2,3 7.92
HR HR
2.11 8.42
HR HR
2.18 8.39
HR HR
2.20 §8.26
NR WR
2.10 8.21
2.37 8.43
2.15 8.07
2. 10 8.0l
2.1% 7.89
2.23 8.00
NR NR
NE NE
2.21 8.11
2.06 8.10
NR NR,
2.01 8.08
HR MR
2.23 8.13
NR WR
z2.17 g.15
HR WR
2.16 &8.08
2,12 8.22
2.16 8.18
MR NR.
2,16 8.29
R NR
2.15 B.26
NFR NR

Kankakee River at State Line Bridge

W
(re)
194
196
203
01
201

NR
KR
NE
NR
NR
¥R
NR
219
NR
219

219
KR
219

219

NE
219
219
219
zZ19
219
219

HR
219
219

NR
219

HR
219

HR
219

NR
219
219
219

MR
219

219
WR

A
rt?)

437.8
#59.5
670.3
653.2
653.4
NR
NR
R
NR
HR
NR
NR
1856.7
NR
1734.3
NR
1843.4
WR
1837.8
L1
1808. 0
WE
1798.2
1843.5
1767.1
1755.0
1727.2
1752.2
HR
NR
1776.8
1774.7
NE
1769.1
NE
1781.5
NR
1784.0
NE
176%.9
1799.8
1792.5
NR
1814.5
KR
1809.7
KR

156

Gy

fefal

634,7
849.9
366.2
939.6
990, 4
HR
4368.0
KR
NR
R
NR
KR
4368.9
4300.0
4093.9
R
3882.1
5236.0
4013.9
5014.0
3974.4
3820.0

3776.9
4387.2
3797.2
3685.0
3ig2.8
3904.2
3790
3797.0
3930.7
3662.9
3797.0
3556.1
3738.0
3968.6
3968, 0
3869.8
3797.0
nze.3
3823.0
3§64 .2
3890.0
3920.8
3920.0
3895.5
3895.0

%

{tons/day)

30.8
14.0
56,1
21.3
D4.4
HR
B837.4
WE
NR
HR
NR
L1
926.0
1314.2
536.3

310.5
640.5
371.8
£13.4
3gs.5
306.3

324.3
254.7
232,37
188.0
0.5
386.9
321.9
379.3
343.9
331.13
3.7
288.0
224.1
280. 7
338.6
226.7
246.0
234.5
192.0
162.9
350.8
447.8
200.0
234.6
216.6

Atr
Femp.

oc)
23.5
3.0
3.4
1.0
3.0

KR

8.0
2.0
4.5
-1.0
2.9

NR
-1.40
0.0
0.0
-9.0
6.0
9.5
=30
-4.,0
-6.5
3.0

16.0
-1.0
11.5
16,0
4.3
4.0
3.0
6.0
4.0
3.0
3.0
8.0
3.0
5.5
7.5
ii.0
-3.0
1.0
24.0
17.¢
11.0
13.0
14.0
12.0

Water
Teup
°c)

11.5
6.5
1.0
0.5
1.5
a.0
1.0
0.5
0.0
-1.0
0.0
Lo
-0.5
G.0
0.0
-1.0
i.0
2.0
6.0
0.0
G.0
0.0

NR
8.5
3.0
6.3
10.0
8.0
9.0
8.0
8.0
7.0
7.0
6.0
8.5
6.0
7.0
7.0
8.0
4.0
5.0
13.0
0.0
0.0
11.0
10.0
11.5

o0, above
mal

fft)

624,35
624,44
625.52
625.51
625.44
629.51
629.40
629.42
629.44
629.63
629.70
62%.70
629.41
£29.317
629,32
629,24
629,04
£29.01
629.00
629,00
628.99
628.98

628.99
629,02
628,75
628.63
628.69
628.73
628.74
628.75
628,74
628.74
628.75
628.76
628.76
618,77
628.77
628.78
628.75
628.73
b28.66
6Z8.70
628.71
628.76
628.76
628.72
£28.72



Appendix H. Concluded

o?"é’ﬁy s v b ¥y 4 % 2 rﬁi? ?Z,iﬁ" O8ave
Date (he) (ppm)  (fps)  (ft)  (fr)  (ft°)  fefs)  (toms/day)  (°C) ror) (ft)
4117779 1037 20 2.08  8.15 219 1785.3  3722.0 204,0 14.0 10.0 628.70
4/12/79 1541 29 R KR N MR 3722.0 291.4 16.0 12.0 628.20
4/20/79 1215 01 2,07 8.99 219 1775.9  3786.4 10326 16.0 12.0 628, 59
&f23/79 1230 98 1.8  §.720 219 17160 3276.0 866.8 24.0 14.0 628. 42
4/26/79 1150 10 1.9  8.61 219 1701.5  3450.4 93.2 10.5 14.0 628.45
4/27/79 1018 21 2.04  B.80 219 1738.4  3724.8 211.2 10.0 12.0 628.54
&f27/79 1150 25 R W NR MR 3724.0 251.4 10.0 12.0 628.54
427779 1563 16 NR R NR W 3795.0 161.9 8.0 1.5 628.58
4i28/79 1015 1L 213 8.8 219 17634 38010 112.9 6.0 10.0 28.64
4/29/79 114D 7 218 8.88 219 1753.4  3935.2 74.4 7.5 9.0 628.68
413079 0951 9 208 8.8 215 1740.6  3711.0 90.2 7.0 8.0 628.68
a/30/79 1614 s WR ® HR NR 3711.0 50.1 8.0 8.5 628.68
571479 1355 12 215 8.8 219 1738.4  3835.5 124.3 13.5 10.0 628. 66
574179 1255 16 2.42 891 219 17612 4334.6 187.2 13.0 12.0 628. 70
$/7/79 1330 s 2,19 8.9% 219 1766.5  3963.7 96.3 28.0 16.0 628. 64
s/10/79 1355 7 198 873 219 1726.3  3501.8 _ 66.2 310 21.0 628. 49
s/15/79 1050 18 1.69 .46 219 1672.4  2949.3 141.3 17.0 15.0 628.21
572379 1335 2% L3 770 219 1521.7  2090.14 165.6 18.0 6.0 627.67
671779 1345 ss 110 7.2 219 1421.5  1714.5 254.6 23.0 18.0 627.07
617179 1225 77 115 6.81 219 1347.2  1472.4 306. 1 22.0 21.0 626.70
6/16/75 1345 52 113 5.96 207 1233.8  1388.5 195.0 24.0 21.0 626.32
6r26/79 1250 61 1.08  5.55 206 1143.9  1232.7 203.0 27.0 20.0 625.84
113178 1310 7% 1.05  5.63 205 1153.9  1220.2 250.4 26.0 23.0 625.80
179479 1320 s2 0.92  5.03 205 031.4  951.8 133.6 26.0 22.0 625.13
7016/79 a0 32 0.8  4.72 205 967.3  837.8 2.4 27.0 25.0 624,81
312379 1240 2% 0.86 4.3 208 897.5  749.4 52.6 30.0 23.5 624,40
7430/79 1310 33 0.90 463 210 972.3 8742 1.9 28.0 25.0 624.79
8/6/79 1235 &1 .08 4.99 207 1033.9  1116.6 123.6 29.0 24.0 625.35
8/13/79 1150 7% 1.08  5.20 208 1080.7 1168.7 21,5 23.0 21.0 625.60
8f23f79 1043 50 1.26 5.87 207 1215.7 1528.4 ’ 206.3 22.0 21.0 626, 44
8/27/79 1335 60 1.17  5.29 208 1099.6  1286.4 222.3 2.0 21.0 625. 78
974179 (213 45 1.33 4,09 207 846.0 11287 132.1 24.0 22.0 625. 35
9o/14/79 1335 28 1SS 2,73 204 $56.0  882.2 86.7 19.0 20.0 624.77
9724779 1505 18 1.6 242 20 427.8  699.6 4.0 22.0 16.0 624.36

MR= Noc Recorded, G.H.= Gage Height
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Date

11/3/78
11717778
12/5/18
316179
3/6/79
31779
377179
3/8/179
348779
3/9/79
3/9/79
3f10f79
3713479
3713479
316579
31479
3715779
315479
316479
319779
372679
3f29779
3730179

3fISTG

331479

41479
af1ire
4/2/79
4f2/79
4/3/79
[¥INEL
[FLY R ]
45479
45479
Li61T9
410479
afL2iTe
812479
5413779
af13579
YAUTRL]
816479
4417779
af1ri79
5720779
44231179
4726179
Li27479

¥R = ot Recorded,

Time

of day

fhr)

1120
1443
1455
1138
1750
0358
1618
0914
1433
o910
1430
1037
1247
1725
1053
1748
1156
1740
1032
1348
1030
1212
1503

0951
1725
0912
1703
1107
1657
1700
0756
1603
0900
1605
1124
1104
1205
1808
0917
1510
1056
1636
0930
1527
15
1135
1310
0915

Ly

fppe}

71
113
47
125
202
206
126
129
i3
144
123
0
34
61
133
92
47
42
36
1o
27
126
255
208
la?
X ]
72
6
250
Ta
66
53
45
169
6%
24

427
214
2i6
51
32
51
51
200
176)
218
190

. = Gape Height

¥
(fps)
0.23
0.32
0.5
2.93
HE
kN B
3.34
3.15
3.07
3.62
3.3
HR
2.17
HR
MR
HE
2.21
MR
2.02
2.98
1.87
MR
3.24

2.98
MR

2.48
2,19

MR
1.67

KR
1.39
1.23
3.49
3.27

Appendix

f7) I

7
(Fe) (Fe)
2.46 46
237 47
2.50 48
8.75 72
HR NR
9.20 72
8.30 72
7.5 72
7,23 72
7.51 72
7.28 72
HE HER,
5.06 72
MR MR
HR MR
HR MR
4.95 iz
HR NR
4.73 70
5.98 72
4.46 66
MR NR
6.40 72
5.94 72
HR MR
HR NR
4,93 7o
4.79 70
HR HR
MR, HR
MR WR
HE, HR
HR NRE
HR "R
4,07 65
3.78 6
6.75 68
NR HR
5.69 69
NE R
4,82 133
HR MR
398 62
HR MR
1.56 ho
1.42 57
6.9t 72
6.38 72

A
2
(Ft7)

113.0
ill.s
120.2
629.7
NE
662.1
597.5
540.0
520.4
0.4
523.9
R
364.2
HE
43:4
MR
3I56.2
MR
131.0
430.5
2044
MR
46l.1

427 .6
NR
MR

345.0

335.1
MR
HR
MR
HR
HR
HR

264.7

230.5

465.9
NR

392.5
NR

265.5
MR

247.0
KR

213.5

94,7

497.5

459.0

%

fafs)

33.7

35.9

64, &
1846.0
2002,0
207%.3
1997.2
1698 .8
1396.0
1954.9
1733.2
1477.0
789.5
840.0
1305.0
1170.0
788.0
793.0
668.8
1282.2
550.9
642.0
1492.2

1272.8
1198.0
962.0
§54.6
¥35.3
&111.0
769.0
634.0
395.0
534.0
517.0
467.1
350.5
1491.0
1437.0
1139.0
1orz.n
462.2
518.0
4131.0
IBS.0
296.7
240, 3
1725.2
1498.9
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Singleton Ditch at lllinoi

@

E
(tons/day)

6.3
il.o
g.2
622.0
1095.1
1159.3
680.5
592.6
436.1
7en.1
575.6
280.8
¥l.g
138.8
46%.0
290.3
99.8
89.7
64.5
656.0
39.9
218.9
1023.6

T14.5
476.1
214.8
165.7
151.9
547.8
153.4
112.3
85.5
€4.7
235.9
87.0
22.5%
4009.2
1655.2
657.2
625.2
641
61.8
57.2
52.8
160.2
110.3
3926.1
768.9

Afr

te

°c)

19.5
UR
3.5
4.5
9.0
2.0
4.5

-1.0
2.0

-1.0
0.0

-11.0

9.0
9.0
=-3.0
~4.0
=53.0
KR
N7
is.0
-1.0
12.5
15.5

4.0
2.0
5.0
4.0
4.0
3.0
10.0
3o
4.0
7.5
11.0
-1.0
7.5
3.0
21.0
14.0
14,90
ta.5
12.0
15.0
4.0
12.5
22.5
3.0
0.5

Water
s
11.5
MR
1.0
0.5
1.0
1.0
0.0
-0.5
1.0
=-0.5
0.0
-1.0
2.0
2.0
0.0
0.5
=-0.5
HE
NR
7.0
1.0
7.0
10.5

8.0
7.5
6.0
6.0
6.0
5.0
g.0
6.0
6.5
6.5
9.0
4.0
5.5
1t.0

“12.0

12.0
.o

9.0
1.5
1n.o
13.0
1.0
15.0
12.0
1.0

G.H. above

msl
ift)
HR
620.03
619.51
629.61
629.78
62%.36
628,62
627 .45
627.28
627.26
627.15
626.22
624 .48
624.58
625.71
625.36
624,61
624,45
624,15
£25.52
623.69
B24.M
626.39

625.72
625.43
624.86
624.61
624.26
624,51
624.18
623.98
623.85
623.60
623,54
623.36
622.60
626.27
626.08
625,28
625.12
621,24

623,17
£22.91

622,86
6522.30
H21.94

626.61

626,25

F

{ft/milel}

NR
0.88
0.86

MR

NR

NR
0.83
1.05

NR

KR

HR

NR
0.51
0,46

HR

KR
0.58

R
0.51

R
.56
0.57

NR

NR
0.4
Q.69
0.68
057
0.58
0.64

NR
0.5%
0.54
0.52
0.56
0.45

NE

MR
0.7i
a. 7
0.52
0.51
0.49
n.49
43
0,44

HR

NR



of day €s v
Date {hr) (ppm)} ffos)
472279 1528 93 NR
4f 28179 0920 110 3.0
4f29/79 1100 6l HE
413079 9855 14 2.685
4130479 1604 50 NR
5f1479 1245 48 2.29
Si4f79 1125 Bé 2,74
5f1479 1225 55 1.18
5£10/79 [155 61 L.42
57154719 0945 S50 1.19
5723479 1220 60 Q0.98
6/1/79 1145 66 0.%6
6/7179 1025 V6 0.81
6/19/79 1206 35 0.68
626179 1030 47 0. 58
713779 1045 62 0.47
7/9/79 1130 57 0.47
1/16f79 1415 63 D44
23779 1930 55 0.31
730479 1120 25 0.48
BI6/7% 1125 17 0.73
8f13/79 1400 61 0.53
Bf23/79 1615 78 HR
B8f27/79 1435 83 a.67
9/4/70 1100 55 0.57
9/14/79 1535 40 .38
Qf24/29 1400 51 0.36
NR = Not Recorded, G.ll. = Gage licight

Pime

]
(ft)
NR
5.84
MR
5.02
R
4.61
4.%6
3.95
.58
3.36
3.07
3.04
2,85
2.75
.69
2.56
1.5%
2.48
2.38
2.48
2,65
2,51
HR
Z.74
2,55
2,41
2.31

WT

(fe)
HR
72
MR
72
MR
70
72
66
60
56
52
52
50
49
48
48
47
48
46
47
48
48
HE
48
8
47
47

. Concluded

Appendix
Loy
(Ft%}  icfs)
MR 1340.0
420.5  1303.1
NR £95.0
361.3  959.2
R 832.0
323.0  740.6
157.4  980.2
260.7  463.4
215.0  306.2
18B.4  224.8
159.6  156.8
158,1  151.4
152.6  116.0
134.8 91.7
129,10 4.4
123.0 57.3
121.4 57.5
119.2 52.6
109.5 34,2
116.4 56.4
127.3 93.0
120.7 64.3
MR MR
i31.6 B8.4
122.4 69.4
113.2 £3.5
108.8 39.1
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QS

{tona/day}
336.9
3i87.0
147 .4
191.¢6
112.3

96.0
222.3
68.8
50.4
30.4
25.4
7.0
23.8
8.7
0.4
9.6
8.3
.0
5.1
3.8
4.3
10.6
MR
19.8
10.3
5.7
5.4

Air
T
{°c)

8.5
5.0
6.5
8.5
9.0

13.0

10.0

25.0

26,0

15.0

24.0

16.5

22.0

72,5

26.0

29,0

28.0

29.0

3.5

25.0

29.0

24,0

27.0

26.0

23.0

18.0

27.0

Hater
T
{oc)
10.0
8.5
8.0
7.0
8.5
12.0
10.0
16.0
20.0
13.0
17.0
17.5
20.5
19.0
20,0
22.0
22.0
27.0
23.5
23,0
24.0
21.0
26.0
24,0
22.0
19.0
18.0

G.H. above

mal
(ft)
£25.81
625%.55
624,71
624,58
624,56
624,02
624 .64
623.03
622,30
621.8)
621,31
621.23
620.96
620,81
620.75
620.66
620,48
620.32
610,14
620.31
620,51
620.39
621.02
620.62
620.43
620,30
620.21

Sﬁ]’
ffe/mile)

NR
0.78
0.469
0.64
0.65
0.60
0.68
0.50
0.46
0.53
0.65
0.80
0.84
.90
.94
0.9
0.96
0.95
0.95
0.94
0.54
0.38
0.83
6.86
0.9
0.96
0.99



Appendix J. Kankakee River a1t Momence 05520500
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Appendix J.

Concluded

UNLTED STATES DEPARTMENT OF INTERTOR - GEOLUGICHL SURVEY

05520500
LONG] Y ppE

SCIHIMENT DISCHARGE . SUSPENDED (TONS/DAY) . wATER YEAR DCTOBER 19768 T SEPTEMHEM 1979

HE AR
CONCEH-
TRAT[On
1MGAL)

Apr Il

a5
-3
45
%3
e

40
aa
1%
L]
3

a2
7
121
“o
b0

&%
34
2H
27
%

25
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20
en
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JULY

AANNAKEE WIVER AT SOMEMCE« 1L
DHATNARE AREA

0ste0n?
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745
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619
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Appendix K. Iroquois River at Iroquois 05525000

UNETED STATES HEPRRTMENT OF [NTERIOx - GEQLOGICHL SUMNEY

STATUN NUMBE R 0552%000¢ [ROWUOIS HIVER AT JTROAUOTS, It STREAM SOUKCE AGENCY UshS
LATETUDE 404925 LONGITUDE 0BR7345% DRATHAGE “REA GHb .00 OAaTUM Y ETEL STATE 1 C(OUNTY 075
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Appendix K. Concluded
UNLITED STATES DEPAHTHENT UF INTERIOR - GEOLOGICAL SUHVEY
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Appendix L. Iroquois River near Chebanse 05526000
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Appendix L. Concluded
UNITED STATES UEPSHTHMENT OF INTER[UR = GEQLOGTCAL SURVEY
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Appendix M. Kankakee River near Wilmington 05527500
UNTTED STATES REPAPTMFNT OF INTERTNN = GFOLOGECAL SURNEY

STATION NUMBER 0SS27500 MANKAKEE RIVER NFAR wWILMINGTON. TL STRE &M SOURCFE AGENCY DSGS
LaTITUDE 412npsn LONGITYDE fARIINL NRL[MAGE ADEA S150. 00 netTuM S10.R6 STaTe 17 COUMTY 197

SEDTMENT O1SCHARGEs SUSPENDED (TONS/DAY) « WATER YFAR OCTOBFR 1978 TO SFPTEMHRER 1979

MEBN MFaN MF AN
WEAN CONCEN= SEDIMENT HE 4N CONCF = SEQIMENT ME &N CONCEN= SEDIMENT
DI1SCHARGE TRATION DISCHARGE  DISCHARGE TRATION DISCHARGE  DISCHARGE TRATION DISCHARGE
DAy (CFS) MGALY {TONS/DAY) (CFS) MG /L) CTONS /DAY (CFS) MG /L (TONS /DAY
QCTORER NOYF HaFe DFECEMEFR
] 746 50 100 ara 35 £ 1060 3?2 97
2 128 &n 1o AAR ELS An 1100 an ag
3 128 67 112 are 4 Al 12n0 30 97
- 695 51 G AS4 13 i3 1330 . 28 10}
5 T2 5 96 L% a3 TR 1410 26 99
& Tet ) a5 A& s ap 15440 el 100
? 717 46 H9 A73 L Ac 1650 22 9A
# TS 4n r? haz 35 AL 180D 27 T
o 719 40 L] A66 15 az 1608 24 104
10 725 36 70 RS2 s 1M 1500 2n a1
il 767 36 75 A22 32 71 1600 1A T8
12 LY 36 T4 843 kT 7 1400 16 78
13 736 34 L] ALY ag [} 2000 1% A1
14 T24 iz 63 ALB a7 ar 2100 15 RS
15 T2l 28 1] Ale an ik 197n 15 Aan
16 T28 26 51 a2z 30 7 20340 1% LY
17 T2R 26 % Aat & a7 2140 15 Ag
18 781 26 55 AR3 9 a3 1440 1% =13
19 ayr 24 53 RA4 3K a1 1350 b4 53
2n a1l 24 53 A9l I8 91 1430 13 0
21 {35 23 57 a1 L] a3 18%0 12 54
22 a3s 23 g2 913 EL 94 1500 [ 49
23 RG4 32 T4 a95 an 1nt 1450 1?2 %4
a4 A1? 29 13 1060 &z 174 1300 11 el
2% a91 kL] a4 1050 “? 110 1400 3] a2
26 970 &3 112 1040 an 1z 1500 n 40
A7 aig 49 100 1080 40 117 1400 10 18
2a 5%l 3% 94 1040 kL) 109 1300 mn as
79 a4l 39 LT 1080 kL 103 Tz Lo 19
20 11 In 93 1020 4 % 1210 10 1
3 R94 39 LT .- -—— -—- 1720 10 ah
YoTaL 24509 -— 24an9 PTATA -— 2117 4TIAT -_—— 213F
JANUARY FERRUARY MARCH

] 2304 19 LY [JELili] & 21 20490 150 2930
Fd 2008 19 =1 13040 & 21 BORD 200 4320
3 1890 9 44 13040 ] 21 [ RRTHIN) 219 6200
% 1640 9 s 1250 -] 290 20000 «3] 26500
11 1500 9 36 1250 T 24 EULT ] 297 26100
L] 1490 10 39 1250 L] 20 ELIILE 305 Jideu
7 1440 1% da 1254 L] 20 4a0Q0 w2 4HeD0
.8 1359 9 3a 1250 ] 20 “B0D0 455 GO 700
9 1300 G iz 1250 -] 0 « oo 263 28100
10 1300 9 iz 1400 b 1% 33000 175 15600
I 1300 9 32 1200 b 19 2687400 119 Q220
12 1300 L] o 1200 L] 19 1] 83 S690
13 1300 L] 28 1150 I 44 194040 g 4210
14 1340 ] 2y 1100 7 21 19600 [9% 163040
15 13400 9 32 1100 7 2l 16300 93 w0940
1& 1350 B 29 1100 7 21 12300 4A 1540
17 1350 ] 29 1100 ? 21 14500 - 28 100
14 1350 8 29 1100 ;] 24 15000 4an hvag
19 1360 L] 28 1150 # 2% ¢0900 26l 14800
20 1300 9 az 1300 [} 25 20900 218 l12ien
21 1800 & e 1500 7 a8 18500 jat 7290
22 154¢ 9 e 1700 & 28 16500 103 4599
23 1500 9 6 2000 -] Je 12000 T 2920
24 1460 < 14 2500 & ab l=109 65 24«70
25 1300 9 az g0 f 57 L350 L1 2190
2t 1300 9 a2 3900 a b7 12600 57 1940
27 1360 & 28 060 kL] A4 liBod 55 L1750
28 1300 8 28 4500 a0 9te 11400 a6 (e
29 1300 -] 28 -——— - —— Laguy 195 -l
30 1300 ¥ Fe] -— - —_— 1200 EEL] L7&0¢
3l 1300 T 25 -—- -—— -——— 19300 Jan I~R00
TOTAL 44050 - 1038 LT - 1962 EELTIT -— 386734



Appendix M. Concluded
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Appendix N. Kankakee River at State Line Bridge: Bed Load Data

Pime ry P, in
Time fnterval  weipht  Speoific  wvertioal
Date Station thr} (min) g} gravity {fpe)
/29779 100 1040 5 34.6 2,58
3779 50,100,150 1030 S* - 2,44t
3731419 50 1030 5 890.7 2,67
3731479 50 1030 2 - 2,67
3731479 50 1030 k] 277.2 2,67
3/31479 50 1030 4 809.7 2.67
411179 50 1640 2 576.9 2.44
4/2/79 50 1020 2 - 2.43
af2f1s 50 1020 0.5 78.9 2.67 2.43
LTEY RS 50 1120 0.5 206.2 2.14
LYETEL 50 1120 1 40,7 z.14
4f3/7% 50 1120 1.5, - 2.14
413779 50 1120 2 438.0 2.61 2.t4
413479 50 1120 2.5 33.4 2.14
/3579 50 1120 k] 209.0 2,14
&ini19 50 1112 2 114.7 2.52
4f5/79 50 1045 2 103.9 2,39 2.6l
4f5/79 75 1045 2 - 2,84
4/5/79 100 1045 2 60.7 2.60 2.52
af6f79 50 HR 2 102.7 2,73
4f6f79 75 HR 2 204.2 3.03
/819 50 1040 2 - ¥R
WfBire 75 1040 2 - NR
/10479 50 1300 2 125.5 2.62 2,34
410479 75 1300 2 50.5 2.85
410479 100 1300 2 16.3 2.49
4f12479 50 1420 3 76.1 2,32
4412479 75 1420 2 - 2.92
5412479 100 1420 2 1il.4 2.4%
4/13/79 50 1100 2 19.2 2.51
441379 75 1100 2 453.7 3.06
8413f79 100 1100 2 66.0 2,66 2.45
4416479 50 1230 H - 2.64
4l16/79 75 1230 2 327.3 2.8
4f16/79 100 1230 2 561.5 2,50
&f17/79 50 1130 2 122.5 2.46
af17/79 75 1130 2 78,1 2.78
4/17/79 100 1130 2 144.9 2,62 2,42
4720179 50 1300 2 - 2.60
&/20/79 75 1300 2z 165.2 2,89
&/20/79 100 1300 2 - 2.65 2.59
4/23/79 50 1315 2 - 2.17
4123479 75 1315 2 510.5 2.59 2.59
4/23/79 100 1315 2 - 2.43
&{26479 75 1230 2 336.3 2.93
4127479 75 1145 2 62.3 2.84
4/28179 50 1100 2 932.5 2.77
4{28119 75 1100 2 236.6 2.98
4f28/79 100 1100 2 79.6 2.58 2.67
4f29479 50 1230 2 - 2.67
4f29479 75 1230 2 135.8 3.00
4r28/79 100 1230 2 - 2.74
4730479 50 1040 2 31,3 2,76
4£30/79 75 1040 2 F L 3.00
4730479 100 1040 2 371.2 2,58 2.39
5f1/7% 50 1450 2 - 2.68
5/1/7% 75 1450 2 123.5 2,88
5/1/7% 100 1450 2 - 2,61
54779 5G ¥R 2 367.3 2.87
504179 75 HR 2 2.6 3.0
5/4f19 100 HR 2 1020.7 2,56 3.38
5/4f79 125 HR 2 137.4 2,52
5faf79 175 NR 2 155.6 2.36
5/7{1% 125 1400 2 380,54 2,61 2.65
5/10/79 50 1420 2 - 2.32
/1079 75 1420 2 196.5 2.75
5/10/79 190,125 1420 2* 95.5 2.57 2.40%
5/15/79 75,100 1130 2* 100.5 2.51 2.48t
5/23/79 75 1415 2 - 2.09
5/23/79 100 1415 2 40,2 i.95
5/23/7% 125 1415 2 - 2,14
9/14/79 75,80 1340 2* 17.3 1.83
9/14/19 100 1340 2 87.7 2.66 1.95
9/14/19 100 1340 2 - 1.95
9f14f79 120 1340 2 42.2 1.95
9/14f79 120 1340 2 Lta.1 1.95
9/14/79 150 1340 2 9.6 1.78

t Mean value
* Time interval at each station

NR = Hobt vecorded

168



Appendix 0. Iroquois River at Iroquois: Bed Load Data

Time Dry
Pime interval weight
Date Station {hr) (min) (g)
10/26/78 60 1320 2 -
10/26/78 70 © 1320 2 -
10/26/78 75 1320 2 -
10/26/78 75 1320 10 -
10/26/78 80 1320 2 -
10/26/78 85 1320 2 -
10/26/78 90 1320 2 -
10/26/78 95 1320 1 -
11/10/78 65 1400 15 -
11/27/78 65 1300 15 -
12/11/78 65 1345 15 -
3/6/7% 90 1500 5 -
3/7/79 65 1330 5 0.7
3/7/79 90 1330 30 1.0
3/14/79 65 1245 5 -
3/19/79 65 1640 5 -
3/26/79 65 1645 5 -
3/29/79 90 1535 5 -
3/31/79 65 NR 5 -
471779 65 1420 5 -
412779 65 1530 5 -
4/3/79 65 1500 5 -
414479 65 1540 5 -
4/5/79 65 1200 5 -
4/10/79 65 1505 5 -
4/12/79 65 1530 5 -
4/13/79 65 : 1225 5 11.6
4/16/79 65 1345 5 -
4/17/79 65 1240 5 -
4/20/79 65 1430 5. -
4/23/79 65 1500 5 -
4/26/79 65 1430 5 -
4/27/79 65 1250 5 -
4/28/79 65 1205 5 -
4/30/79 . 65 1430 5 -
5/7/79 65 1530 5 -
5/23/79 65 1525 5 -
6/19/79 65 1520 5 -
7/23/79 65 1620 5 -
9/4/79 . 65 1340 5 -

NR = Not recorded
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Appendix P.

Date

10/26/78
10/26/78
10/26/78
i0/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
10/26/78
19/26/78
10/26/78
10/26/78
10/26/78
11/10/78
11/27/78
12/11/78
3/5/79
3/8/79
3/13/79
3715779
3/16/79
3/19/79
3/26/79
3/29/79
3/31/79
4/1/79
41779
471479
4f2479
4/3/79
44179
4/5/79
4/6/79
4410779
Lf12/79
4f13/79
4/13/79
4716779
4/17479
4/20/79
423179
4726179
/27179
4728179
472979
4430479
5/1/79
S/7/79
5/10/79
5/15/79
5/23/7%
6/1779
6/19/79
7/23479

*Time interval at each station

Station

280
290
300
310
320
140
140
235
170
290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120
210
290
120,210, 290
120,250,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
. 120
210,290
120,210,290
120,210,290
120,210, 290
120,210, 290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290
120,210,290

WE. = Not recorded

Time
(hr)

945
945
945
945
945
945
945
945
945
945
945
945
945
945
945
945
945
945
945

1030

1020

1000

1635

1215

1545

1335
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1530
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1430

1400
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1100

1100
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Appendix Q. Hydrographic Map of the Six Mile Pool

Developed from data collected by the lllinois Department
of Transportation, Division of Water Resources, in 1977 and 1978

For copies of these maps, contact:

Illinois State Water Survey or Illinois Institute of Natural Resources
P.O. Box 5050, Station A 309 West Washington Street
Champaign, IL 61820 Chicago, IL 60606

Attention: Nani Bhowmik Attention: David Jones
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