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PEORI A LAKE SEDI MENT | NVESTI GATI ON

by M sganaw Denmissie and Nani G Bhown k

| NTRODUCTI ON

Peoria Lake is one of the nost inportant water resources in centra
[I1linois. It provides many benefits to the citizens of Illinois such as
opportunities for recreation, fishing, and boating, and a channel for
navi gation. Mst of the benefits were taken for granted for many years.
However, continuous sedinentation over the years is threatening the existence
of the lake. At the present time the |lake has lost 68 percent of its
original volume. The situation is even worse when the navigation channel
defined as that part of the |ake which is 9 feet or deeper, is excluded from
the | ake volune. Qutside of the navigation channel, Peoria Lake has |ost 77
percent of its original volune. The average depth of the lake is only 2.6
feet, and the average depth of Upper Peoria Lake is only about 2 feet.

Excessive sedimentation not only reduces the |ake volune and depth but
al so inpacts water quality, aquatic habitat, navigation, recreation, rea
estate values, and tourism Thus it can be said that sedimentation poses a
very serious problemto Peoria Lake since it negatively inpacts all of the
beneficial uses of the |ake

Real i zing the inportance of Peoria Lake and the seriousness of the
sedinentation problemof the |ake, the Illinois State Water Survey initiated
the Peoria Lake Sedinent Investigation under the sponsorship of the U S. Arny

Corps of Engineers, Rock Island District.



The main objectives of the study were to:
- Determine the sedimentation rate of the |ake
- ldentify the sources of sediment to the lake and their relative

quantities

Devel op a sediment budget

Investigate the quality of the sediment in the |ake

Investigate a range of alternative solutions to the sedimentation
probl em of the |ake and make recommendations

As can be inferred fromthe objectives |isted above, the goal of this
project is different fromthat of nost of the previous studies on Peoria
Lake. This project will address alternative solutions to the problem of
sedimentation in Peoria Lake. There has never been a scientific study on
Peoria Lake conducted to remedy the problemor to evaluate the effectiveness
of numerous suggestions and ideas forwarded by various groups or individuals.
For exanple, one of the ideas proposed to solve the problemis to dredge the
| ake. No study has been conducted to deternmine where to dredge, where to
di spose of the sedinent, what inpacts dredging will have on water quality, or
how effective dredging will be for Peoria Lake. These types of questions
must be addressed before any solution can be inplenmented.

Because of its limted scope, this study will not answer all the
questions about sedinmentation and its solutions in Peoria Lake. However, it
does provide the facts and information needed by the U S. Arny Corps of

Engi neers in evaluating any renedial action that nmght be taken.
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BACKGROUND

Peoria Lake is the largest and deepest bottom and lake in the Illinois
River Valley. It is located between River Mles 162 and 182 on the Illinois
River. River mles on the Illinois River are neasured starting from Gafton
[11inois, where the Illinois River joins the Mssissippi River. The

bottom and | akes are remmants of a nuch larger glacial river systemthat
occupied the Illinois River Valley. This larger river carried nuch greater
flow than the present Illinois River and occupied nuch of the Valley.
Reduction in drainage area and changes in the flow regime of the old Illinois
River resulted in the present Illinois River, which is smaller and nore
sluggish than the old river. The present Illinois River could not transport
the sedinent delivered by tributary streans, which resulted in the formation
of alluvial fans and deltas near the nmouths of the tributary streams. These
fans and deltas created narrow and shallow segments in the river valley,

whi ch hel d back water in the deeper channels to formthe bottom and | akes.

Peoria Lake was created in a fashion simlar to this, as shown in Fig.

1. The alluvial fan from Farm Creek created the constricted stretch of the
[Ilinsois River just downstream of Farm Creek, forming Peoria Lake (WII|man
1973; Horberg et al., 1950). Further upstreamat River Mle 166.5, another
alluvial fan deposited by Tenmle Creek (Fig. 1) divides the lake into two
segments: Lower Peoria Lake and Upper Peoria Lake. This constricted segnent
of the Illinois River is referred to as the Narrows.

Prior to the late 1800s, the Illinois Rver and thus Peoria Lake were
not inpacted significantly by man. The river and the lakes in the river
vall ey were under near-natural conditions and had very few problens resulting
from human activities. The major changes on the Illinois River started on

January 1, 1900, when a significant amount of water started to be diverted
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fromLake Mchigan to the Illinois River through the Chicago Sanitary and
Ship Canal. This allowed the Gty of Chicago to flush untreated donestic
sewage and industrial wastes away from Lake M chigan, which was the city's
source of water supply, and into the Illinois Rver. From 1900 through 1938,
the average amount of diversion into the Illinois River was approxinately
7200 cubic feet per second (cfs). Starting in 1939, the amount of diversion
was reduced to an average of 3200 cfs. The influence of the diversion on the
[1linois River discharge is shown in Fig. 2 for the Marseilles gaging
station. As can be seen, the mean flow since 1939 is 3448 cfs less than in
the prior period. Since the early 1970s, the quality of water diverted into
the Illinois River has been inproved as a result of more stringent water

qual ity standards.

The diversion of water, conbined with the discharge of domestic and
industrial waste into the Illinois River, significantly changed the nature of
the Illinois River and the bottonml and |akes along its valley. Low water
level s were increased, water quality degraded rapidly, and as a result fish
and other aquatic organisns were either elimnated or reduced significantly
in numbers.

Anot her maj or event which permanently changed the nature and character
of the Illinois River and its bottonl and | akes was the construction of
navigation dams. Initially four low dans were built on the Illinois River to
provide a 7-foot navigation channel for |arge steanboats fromthe M ssissippi
River to LaSalle, Illinois. The danms were built at Henry in 1872, Copperas
Creek in 1877, LaGange in 1883, and Kanpsville in 1893. In 1919
construction started on the Illinois Waterway, a project designed to provide
a navigation channel with a mninumdepth of 9 feet and a m ninumwi dth of

300 feet fromthe Mssissippi River to Lake Mchigan. This project required



DISCHARGE, cfs x 1000

18
l [ T l hl l
Illinois River at Marseilles
8259 square miles
16 |— —
14 — J —
Mean flow = 13,086 cfs.
1920 — 1938
12 \ -
10,690 cfs ."_____ ' A Y N | A W A
10 r_ 1920 — 1981 A A ]
9638 cfs A
1939 — 1981 V\j N \ v
8 [— —
ol _
4 | | | | | l I |
1900 1910 1920 1930 1940 1950 1960 1970 1980 1990
YEAR -
Fig. 2. Influence of Lake Mchigan diversion on the Illinois River flow



the construction of five mgjor |ocks and dans along the Illinois River in the
1930s.

The navigation |lock and dam systemon the Illinois River includes the
Dresden Island Lock and Dam the Marseilles Lock and Dam the Starved Rock
Lock and Dam the Peoria Lock and Dam and the LaGange Lock and Dam The
hei ght of the dams ranged from 10 feet for the LaG ange Lock and Damto 24
feet for the Marseilles Lock and Dam (the Peoria Lock and Damis 11 feet
high). The Alton Lock and Dam on the M ssissippi River provides a navigation
pool in the lower part of the Illinois River. The profile of the Illinois
Waterway created by these and upstream | ocks and dans on the Des Pl aines
River is shown in Fig. 3. The Illinois Rver ceased to be a natural river
all the way fromits starting point at the junction of the Des Plaines and
Kankakee Rivers to its nouth at the Mssissippi River. It now consists of a
series of six navigation pools with five |locks and dans used to facilitate
navi gation. Under these conditions, the low flow hydraulics of the river
changed significantly, resulting in increased |ow water |evels (Peoria Poo
Is maintained at 440 ft nsl), decreased velocities, and thus increased
sedimentation rates. During high flows, the dams at Peoria and LaG ange are
| onered to the river bottom and thus do not have any inpact on the river flow

at those tines.
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METHOD OF ANALYSI S
The results of the Peoria Lake investigation and the recomrendations
t hereof are based on new data collected in 1985 and on a review and
reanal ysis of existing data and literature. The details of the work and al
the information collected and anal yzed will be presented in a technica
report to be published in the near future. A summary of the work is

presented in the follow ng sections

Mappi ng of Peoria Lake and Tributary Watersheds

Data on Peoria Lake and the watersheds of the tributary streams which
drain directly into Peoria Lake, obtained fromeleven 7-1/2-m nute quadrangle
maps of the U S. Ceological Survey, were digitized. The digitized data were
for an area that starts fromthe Peoria Lock and Dam (R M 158) and ends at
the Route 17 bridge (R M 186) at Lacon. Data on the locations of highways
railroads, and cities and towns were also digitized. The digitization was
performed using the GS (Geographic Information System). The @S makes it
possible to produce maps of different sizes and scales, and to conmpute the
area of the lake, the length of the shoreline, the drainage areas of
tributary streans, streamlength, and other relevant information. It is also
possible to overlay selected features of the area and to devel op display
maps. Such a map, which shows the inportant features in the Peoria Lake area,
is shown in Fig. 4.

The information stored on the conputer is useful not only for this study
but also for other long-termstudies on the Illinois River and Peoria Lake.

If any changes were to be inplenented in the area, those changes could easily
be incorporated into the data base and then anal yzed and interpreted. For

exanpl e, areas of excessive erosion in the bluff watersheds could be

10
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identified and added to the data base to determ ne which areas should be
given the highest priority for erosion control measures. Thus the data which
have been conpiled so far will be a very useful tool in the inplementation

and managenent of future prograns for the Peoria Lake area

Review of Previous Data and Literature

Before this report was prepared, existing data and literature on the
[I'linois River and Peoria Lake which were not available fromthe Illinois
State Water Survey files and library were obtained fromthe University of
[llinois, Illinois State Geol ogical Survey, Illinois Natural Hi story Survey,
U.S. Arny Corps of Engineers, and other organizations. Al the data and
information were carefully reviewed and anal yzed in preparing this report.
Some of the inportant sources of information include previous |ake surveys,
sedi nent and water quality studies, flow records along the Illinois River,
and aquatic habitat studies. The bibliography lists the inportant reference

materials used in preparing this report

Field Data Collection and Analysis

The Illinois State Water Survey, in cooperation with the Illinois
Natural History Survey and State Geol ogi cal Survey, conducted an intensive
field data collection from February to May 1985. This was an inportant
component of the study because it provided the information needed to eval uate
the current conditions of the lake. This data collection also produced
val uabl e information because the third highest flood on the Illinois River

occurred during the data collection period.

12



The field data collection program included the follow ng conponents:

1) Velocity and discharge measurenents

2) Suspended sediment concentration, bed |oad, and particle size
sanpling and analysis

3) Lake bed material and sedinent core sanpling and anal ysis

4) Bathynetric profiling of the |ake bed

A brief discussion of the different types of data collected in 1985 is

presented in the following pages

Velocity and Discharge Measurenents

Vel ocity and discharge are inportant paraneters used to define the
hydraulic characteristics of rivers and |akes. They are used to calculate
the amount of sediment that a river is transporting or that it can transport
They are also used to identify areas of a | ake where excessive sedimentation
can be expected.

Vel ocity and di scharge neasurements were made at seven locations in
Peoria Lake, beginning at the Franklin Street Bridge near downtown Peoria and
ending at Chillicothe. The locations of the transects where velocity and
di scharge neasurenents were taken are shown in Fig. 5 Velocities were
measured across the streamchannel and the |ake at all |ocations at |east two
tines. At the Franklin Street Bridge velocities were measured nine tinmnes.

The velocity distributions during one of the field measurenents at cross
section 8 at the Franklin Street Bridge, at cross section 7 in Lower Peoria
Lake, at cross section 6 at the Narrows, and at cross section 4 in Upper
Peoria Lake are shown in Figs. 6, 7, 8 and 9, respectively. Except at the
Narrows and the Franklin Street Bridge, the velocities are extrenely | ow.

Velocities at the Franklin Street Bridge reached as high as 4 feet per

13
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second, and at the Narrows velocities reached over 2 feet per second. For
most of the |ake, however, velocities are generally less than 1 foot per
second except in the navigation channel, which has slightly higher
velocities.

The water discharge in the Illinois River fromFebruary to May 1985 was
cal cul ated by using the velocity measurenents at the Franklin Street Bridge.
The flood hydrograph of the Illinois River generated fromthose neasurenents
is shown in Fig. 10a. The naxi mum di scharge measured was 80,800 cfs on March

8, 1985

Suspended Sedi ment Concentration, Bed Load, and Particle Size Sanpling

To understand the sedimentation process in Peoria Lake, it is necessary
to gather field data on sedinent transport. Sediment in a river is
transported either in suspension or on or near the stream bed as bed | oad.
The total sedinent load of a streamis the sumof the suspended |oad and the
bed | oad. Measurenents of the two conmponents of the total sedinent |oad are
different. Suspended sediment load is calculated by multiplying the
concentration of the suspended sedi ment by the measured water discharge. The
suspended sedi nent concentration is measured by follow ng the standard
procedures outlined by the U S. GCeol ogi cal Survey.

Bed | oad is neasured by collecting bed |oad sanples during a known
period of tine with a bed |oad sanpler. Bed load is calculated on the basis
of the duration of the bed |oad sample collection, the width of the bed | oad
sanpler, and the width of the channel. The bed | oad sanple collected is
first converted to bed | oad discharge per unit tinme and width by dividing the
sanpl e weight by the sanmpling period and width of the sanpler. Then tota
bed load is calculated by nultiplying the bed |oad per unit width by the

19
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wi dth of the channel. It is assumed that the bed load is transported at a
uniformrate across the width of the channel.

For this project, a total of 256 suspended sedi nent concentration
sanpl es were collected from February 26 to May 20, 1985. Most of the sanples
were collected at the same |ocations shown in Fig. 5 at which velocity
measurements were made. Additional sanples were collected at the Route 17
Bridge at Lacon, at Farm Creek, and at Tenmle Creek. It is not possible to
general i ze about the sedinent |oads of Farm Creek and Tenmle Creek on the
basis of the sedinment data for those two creeks because the limted duration
and scope of the project precluded intensive sanpling during stormevents, at
which time small creeks transport nost of the annual sedinent |oad.

Suspended sedi nent concentrations measured at cross section 8 at the
Franklin Street Bridge, at cross section 7 in Lower Peoria Lake, at cross
section 6 at the Narrows, and at cross section 4 in Upper Peoria Lake are
shown in Figs. 11, 12, 13, and 14, respectively. The sediment concentrations
at the Franklin Street Bridge are nearly uniformacross the channel, which
makes it an ideal site for sedinent |oad neasurenments. Simlarly, the
concentrations are fairly uniformat the Narrows. Cross sections 4 and 7
show slightly higher concentrations in the channel than in the |ake areas,
but not by very nuch.

The sediment load in the Illinois River fromFebruary 26 to May 20, 1985
was shown in Fig. 10b along with the water discharge data. The maxi num
sedi ment | oad measured during the period was approxi mately 40,800 tons per
day on February 27, 1985. Twenty-five suspended sedi nent sanples were also
anal yzed for particle size distribution to determ ne the sedi nent
characteristics. In all the sanples fromthe Illinois River, it was observed

that over 95 percent of the suspended sediment is silt and clay.

21
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Thirty-one attenpts were made to collect bed |oad sanples. Fourteen of
the attenpts were at the Franklin Street Bridge during different flow
conditions. Qut of the 14 attenpts, only once was a neasurabl e amount of bed
| oad sanple collected. This particular sanple consisted mainly of organic
material such as shells and broken tw gs. However, six bed |oad sanples were
collected in the main channel in both Upper and Lower Peoria Lake during boat
sanpling. These sanples were also very high in organic content.

On the basis of the attenpts nade to nmeasure bed load in the Illinois
River, it can be assuned that the bed load in the river consists of fine
sedi ment and organic material and not coarse sedinent such as sand or gravel.
The fine sedinent noving as bed | oad cannot be sanpled using the Helley Smth
sanpler, which is the only bed |oad sanpler available at the present tine.

Three bed | oad samples were collected at Farm Creek during |ow flow
conditions. These scant data showed that the bed load in Farm Creek is very
significant and could be a major part of the total sedinment |oad. However,
because of the linmted data and sanpling period, accurate calculations of the
sedinment load in Farm Creek and other tributary streams can not be nade at

the present tine.

Lake Bed Material and Sedinent Core Sanpling

Twenty-five bed nmaterial sanples and 14 sedinent core sanples were
collected in Peoria Lake for particle size, unit weight, and chem ca
anal yses. The bed material sanples were collected using a ponar sanpler,
while the core sanples were collected using a 3-foot-long thin-wall stainless
steel 2-inch-dianeter core sanpler. The locations of the sanpling points are

shown in Fig. 15. The physical characteristics of the sediment sanples were

analyzed in the Inter-Survey Geotechnical Laboratory. The results of the
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anal yses are summarized in Fig. 16 for one of the core sanples collected from
cross section 5 at River Mle 170.8. On the basis of the type of information
in Fig. 16, it is possible to describe the sedinent characteristics and to
determne the weight of the sediment in the |ake bottom

The results of chemical analyses for nine dredge samples fromthe top of
the |ake bottomin Peoria Lake are summarized in Table 1. Analyses were
performed for seven heavy netals, noisture content, volatile solids, oil and
grease, Total Kjeldahl nitrogen (TKN), orthophosphate-P (PO4-P), and
amoni a-ni trogen (NH3-N). The chem cal analyses for the sanples were
performed at the |aboratory of the Illinois State Water Survey, Water Quality
Section, in Peoria. Sanples 1, 2, and 3 were collected at cross section 7 in
Lower Peoria Lake, and sanples 4 through 9 were collected in Upper Peoria
Lake at cross sections 5 and 3. The locations of the sanple collections are
shown in Fig. 15. There is no clear trend in the chemcal properties of the
sedi ment sanples collected at the different |ocations, with the exception of
sanpl e 8, which has consistently | ower concentrations than the other sanples
for all the elenents analyzed. Sanple 1 fromcross section 7 in Lower Peoria
Lake has slightly higher concentrations of chromumand |ead than the other
sanpl es. However, the difference is not significant and the other sanples at

the sane cross section are consistent with all the other sanples.

Bat hymetric Profiles

In 1903 a survey of Peoria Lake was perforned by J.W Wermann of the
U.S. Arny Corps of Engineers. Since 1903, there have been only two detailed
| ake profile surveys perforned for Peoria Lake: one in 1965 and another in

1976, both conducted by the U S. Arny Corps of Engineers. These three
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Table 1. Peoria Lake Sedi ment Sanpl e Anal yses

Sanpl es
Par anet er s 1 2 3 4 5 6 7 8 9
Mbi sture content (% 49.5 61.2 56.5 54.5 52.1 54. 4 55.5 28.1 51.0
Vol atile solids (% 6.8 7.7 7.4 7.0 6.9 6.8 7.6 3.4 6.2
Q1| & grease (%dry solids) 0. 15 0.12 0.10 0.10 0.11 0.10 0.10 0.05 0.10
TKN (ng/ kg) 2377 2835 2555 2453 2497 2448 2589 868 2303
Total PO,-P (ngs/kg) 1907 1815 1614 1721 1654 1470 1819 785 1224
NH,- N (ng/ kg) 399 341 374 295 290 315 222 76 318
Cadmi um (ng/ kg) 3.20 1.83 1.83 1.83 1.83 1.83 1. 55 None found 1.83
Chr om um (ng/ kg) 60. 6 39.9 47.7 39.2 44.9 47.7 41.3 10.7 36.4
Copper (ng/kg) 45.9 46. 3 50. 4 43.8 48. 7 48.9 40. 6 10.7 41.7
Iron (ng/kg) 28,700 34,400 26,000 32,000 26,000 26,000 28,000 11,900 26,000
Lead (ng/kg) 66. 6 44.0 57.1 46. 2 57.1 46. 2 52.7 16.9 46. 4
Manganese (ng/ kg) 807 922 725 746 651 703 821 459 692
Zinc (ng/ kg) 264 277 258 232 277 255 248 89 233

Not e: Samples 1, 2,
Sanples 4, 5, 6,
Sanples 8 and 9 were collected at cross section 3 in Upper

and 3 were collected at cross section 7 in Lower

and 7 were collected at cross section 5 in Upper

Peori a Lake.

Peori a Lake.

Peori a Lake.



previous |ake surveys were very useful in determning the sedinentation rates
during different periods but were not felt to be adequate for evaluating the
present status of the |ake.

The present project did not have enough funding for a detailed |ake
sedi nentation survey. However, w thout some type of |ake profile data on the
present conditions of the lake, it was inpossible to evaluate the conditions
of the lake, let alone make recommendations as to the best alternatives.
Therefore, it was decided to performa limted bathynmetric survey of the |ake
to estimate the current capacity of the |ake and the areal distribution of
sedinent in the lake. A total of 18 cross-sectional profiles were neasured
fromthe Franklin Street Bridge (RM 162.3) to Chillicothe (RM 182). These
| ake profiles were felt to be adequate for the present study, even though a
detail ed | ake sedinentation survey shoul d be conducted when funding permts.

Conparisons of the present data with the 1903, 1965, and 1976 data are
shown for four cross sections in Figs. 17 to 20. Fig. 17 is for River Mle
164, which is in Lower Peoria Lake. As can be seen in the figure, there has
been up to 14 feet of sedinent accunulation in sone areas of the |ake since
1903. However, the navigation channel has been kept relatively deep, around
16 feet, at nornmal pool level (440 nsl). Fig. 18 conpares the data fromthe
different surveys at River Mle 168, which is in Upper Peoria Lake and about
1-1/2 mles upstreamof the Narrows. Here again, only the navigation channe
is deep, while the rest of the |ake bed has gradually been raised by sedi nment
accumul ati on.

Fig. 19 shows the cross-sectional profile at River Mle 175, which is in
the upper lake just north of Spring Bay. In this area, nost of the |ake has
filled in with the exception of the navigation channel. As a matter of fact,

the current navigation channel is deeper than the 1903 channel bed. The
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average depth of the lake in this area is about 2 feet at normal pool (440
mel). Fig. 20 shows the lake profile at River Mle 179, at the upstream end
of Upper Peoria Lake. In this area the average depth of the lake is about 1
foot at normal pool and it can be assumed that the lake has totally filled up
in some places.

The profiles show the sedinentation pattern and the changing character
of the |ake. The deeper parts of the |ake are shrinking, the |ake bed is
becom ng very flat and uniform and at present there are no areas which are

very deep outside of the navigation channel
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SEDI MENTATI ON

Sedimentation is the process by which soil particles eroded from
upstream wat ersheds and stream channels are deposited in stream channels or
| akes and reservoirs |ocated downstream of the source. Erosion and
sedimentation are natural processes that can neither be stopped nor
completely elimnated. However, human activities such as agricultura
practices, nodification of stream channels, and construction of roads,
hi ghways, buildings, and reservoirs can drastically increase the rates of
erosion and sedinmentation to dangerous levels. Sedimentation in the Illinois
River Valley has a long history. Even under natural conditions, there was a
long period of sedimentation in the valley. The deltas and fans deposited by
tributary streams are clearly identified along the Illinois River Valley.

The inpacts of human activities in the Illinois River Basin are
reflected by the conditions of the streams, rivers, and lakes in the basin.
The tremendous devel opment in agriculture, transportation, industry, and
ur bani zati on which has taken place in the basin has increased the rates of
erosion and sedimentation significantly. Mst of the lakes in the Illinois
River Valley are so filled with sediment that it is difficult torefer to
them as | akes any nore.

As of 1985, Peoria Lake has lost two-thirds of its 1903 vol une. The
average depth of the |ake at normal pool elevation (440 ft nsl) has been
reduced from8 feet in 1903 to less than 3 feet in 1985, and thus nost of the
| ake cannot be used for recreation such as swinmng, boating, or fishing. The
bottom sedinent is so soft and soggy that it cannot provide proper habitat
for fish and other aquatic organisms. Because the |lake is very shallow and
the bottom sediment is so soft, wave action causes resuspension of the

sediment, leading to turbidity of the |ake water
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The vol ume of Peoria Lake at different times is shown in Table 2 and
Fig. 21. The corresponding average depths of the |lake are given in Table 3
and Fig. 22. In 1903, the |ake volume below 440 ft nsl was cal cul ated from
the Woernmann nmaps to be 120,000 acre-feet. For all practical purposes the
1903 vol ume can be assuned to be the original volunme of the |ake, even
through the original volune of the | ake would actually have been somewhat
greater than the 1903 volune. Elevation 440 ft msl is used in calculating
the lake volumes at different times because it provides a consistent
reference point for all conputations. It should be noted, however, that the
low water |lake level prior to 1939 was about 436.7 ft nsl, which is 3.3 feet
bel ow the current nean pool level. The |ow water volunme of Peoria Lake prior
to 1939 was estimated to be 58,200 acre-feet based on the 1965 survey and
assumng a uniform sedimentation rate from 1903 to 1965.

The conpletion of the Peoria Lock and Damin Decenber 1938 increased the
| ow water |ake capacity by 34,900 acre-feet. The increased |ake capacity,
conbined with the reduction in the diversion of water into the Illinois River
at that time, increased the trap efficiency of Peoria Lake. Trap efficiency
is a factor used to determ ne how nuch of the sediment carried by a stream or
river is retained by a lake or reservoir. The trap efficiency of Peoria Lake
changed from 40 percent to 45 percent in 1939 because of the conpletion of
the lock and dam and the reduction in Lake M chigan water diversion

In 1965, the | ake volune was 72,900 acre-feet. Thus in 62 years the |ake
had lost slightly less than half of its volume. By 1976 the |ake vol une was
further reduced by 16,300 acre-feet to a total volune of 56,600 acre-feet.
This is an average |oss of 1400 acre-feet of |ake volune per year. In the 11
years from 1965 through 1976, the |ake | ost 14 percent of its original volune

or 22 percent of its 1965 volune due to sediment accunul ation.
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Tabl e 2. Volume of Peoria Lake at Different Tinmes at 440 feet nsl

Vol unme in acre-feet

Peori a Lake

Year Upper Peoria Lake Lower Peoria Lake (Upper plus Lower)
1903 96, 000 24,000 120, 000
1965 55, 200 17, 700 72,900
1976 42, 200 14, 400 56, 600
1985 26, 500 11, 800 38, 300

Tabl e 3. Average Depth of Peoria Lake at Different Tines at 440 feet nsl

Aver age depth (feet)

Peori a Lake

Year Upper Peoria Lake Lower Peoria Lake (Upper plus Lower)
1903 7.6 9.8 8.0
1965 4.4 7.2 4.8
1976 3.4 5.9 3.8
1985 2.0 5.3 2.6

39



120 | T T T T
N
— \ —
N
N
100 — N Peoria Lake (Upper plus Lower) —
S\ N
N
— N \ _
N
N
80— N " —
5 N
2 AN
[ - ~ _
8 /\ N
2 N
- 60}— ] —_—
w Upper Peoria Lake
=
)
- f— —
(@]
>
40— —_—
o \ _
\
O— —__ __ N \\
20 — - o e—— — —
v T *D\D\D\ \
Lower Peoria Lake - l\ i
0 . | L | ! l 1 I | |
1900 1920 1940 1960 1980 2000

YEAR

Fig. 21. Volune of Peoria Lake at different tinmes

40

2020



AVERAGE DEPTH (feet)

12

10

(6
>

Lower Peoria Lake

™~
\‘\
8 Upper Peoria Lake \\ ~_ o

~ A i}

4 — E\\A Peoria Lake —
\-K\( (Upper plus Lower)
2 \-3 —
| ] I I !
0 | | I | | ] | | | ]
1900 1920 1940 1960 1980 2000 2020
YEAR
Fig. 22. Average depth of Peoria Lake at different tines

41



In 1985 the |ake volune is estimated to be only 38,300 acre-feet, which
is about one-third of the 1903 volune. The l|ake volune lost in the last 9
years, from 1976 through 1985, is about 15 percent of the original volune,
which is alnost the same as that lost in the preceding 11 years. However,
the loss amounts to 32 percent of the 1976 vol ume.

The annual rate of |ake capacity |oss due to sedimentation in Peoria
Lake is conpared with the rates for other major reservoirs in lllinois in
Table 4. The capacity loss rate in Peoria Lake is shown for two different
periods (1903-1965 and 1965-1985) because of the significant change in the
sedinentation rate during the two periods. The capacity |oss rate between
1903 and 1965 was 0.63 percent per year, which is within the range of
capacity loss rates for the other reservoirs. The capacity loss rate from
1965 to the present, however, is 1.44 percent per year, which is nore than
twice the capacity loss rate from1903 to 1965 and nuch greater than the

capacity loss rates of the other reservoirs.

Sedi nent  Distribution

The distribution of sediment in Peoria Lake is uneven in sone respects
and very uniformin other respects. For exanple, the sedinmentation rate in
Upper Peoria Lake is nearly 1-1/2 tines that of Lower Peoria Lake. The upper
| ake has | ost about 73 percent of its 1903 volume while the | ower |ake has
| ost 51 percent of its 1903 volunme. The difference in volume |oss between
Upper and Lower Peoria Lake is shown in Fig. 21. The slope of the curves for
the two segnents of the |ake indicates the difference in sedinentation rates.
The steeper the slope, the higher the sedinentation rate. Further
illustration of the difference in the sedimentation rates of the two segments

is shown in Fig. 22, where the change in the average depth from 1903 to 1985
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Tabl e 4. Sedi nentati on Rates for Large Reservoirs in Illinois

Initial Dr ai nage Vol une
Vol une Area Sedi nent ati on Loss
Reservoi r (acre-feet) (sg m) Peri od (Percent/ Year)

Keokuk Pool 479, 600 119, 000 1913-1979 0. 83
Lake Carlyle 280, 600 2,680 1967- 1976 0.53
Lake Shel byville 207, 800 1, 054 1969- 1980 0. 37
Rend Lake 184, 700 488 1970- 1980 0.41
Peori a Lake 120, 000 14, 165 1903- 1965 0. 63
Peori a Lake 120, 000 14, 165 1965- 1985 1.44
Crab O chard Lake 70, 700 196 1940- 1951 0. 44
Lake Springfield 59, 900 265 1934-1984 0. 26
Lake Decat ur 27,900 925 1921- 1983 0. 53
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i s shown. Upper Peoria Lake, with an average depth of 2 feet, is nuch
shal | ower than Lower Peoria Lake, which has an average depth of 5.3 feet.

The 1903 and 1985 average |ake bed elevations are conmpared in Fig. 23
where the difference between the two bed profiles represents the accunul ation
of sedinent. The figure shows how the |ake gets shallower in the upstream
direction and al so shows the relatively deep section of the |ake around the
narrows between Upper and Lower Peoria Lake.

The change in the depth of the lake is illustrated by conparing the
| ake bottomat different tines at River Mles 164, 168, 175, and 179, as
shown in Figs. 17-20. There are several observations which can be made from
these figures. The first one is of course the dramatic decrease in depth
over nuch of the lake. The second observation is the shrinking of the deeper
portions of the |ake. The navigation channel, which is maintained for
navigation at a mninmumdepth of 9 feet and a mnimumw dth of 300 feet, is
the main part of the |ake which has depth equal to or greater than 9 feet.
Qutside the navigation channel the |ake is generally very shall ow

The reduction of the channel capacity is shown in Fig. 24 along with the
changes in | ake vol une outside the channel and the changes in the total |ake
volume. The channel is defined here as that part of the |lake which is 9 feet
or deeper. As shown in the figure, the channel capacity is being reduced at
a higher rate than the capacity of the |ake outside the channel. The |ake
capacity is approaching a dynamc equilibrium while the channel capacity
does not show any reduction in rate of capacity loss. This inplies that the
channel will keep decreasing in capacity at the sane rate as before for some
tinme to cone and that eventually dredging will have to be perforned nmuch nore

frequently than at the present time to keep the navigation channel open.
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The shrinking of the channel and the loss of the deeper parts of the
| ake are further illustrated very clearly in Fig. 25 in which the 5-foot
depth contours for 1903 and 1985 are conpared. The 1903 contour shows that
much of the |ake was deeper than 5 feet, while the 1985 contour indicates a
narrow channel that mgrates fromshore to shore in Upper Peoria Lake and
stays closer to the western shore in Lower Peoria Lake. The narrow channe
is all that is left of the original |ake with a depth of 5 feet or nmore. If
sedimentation continues at the sane rate as before and no dredging is
perforned in the |ake, the 1985 contour mght be the indication of the future
of Peoria Lake: a narrow stream channel in the nmiddle of the lake with
extensive nud flats and marsh areas on both sides of the channel. The
dynami ¢ equilibriumconditions expected for the Illinois River within the
Peoria Lake segment of the Illinois River Valley will be totally different

than its original shape, planform and character.

Sedi ment Sour ces

The prinmary sources of sedinment to Peoria Lake are:

1. The upper Illinois River watershed

2.  The watersheds of tributary streans which drain directly

into Peoria Lake

3. Shoreline erosion

The Illinois River watershed, shown in Fig. 26, contributes the |argest
anount of sediment to the lake. This watershed is the single |argest
watershed in Illinois and has a drainage area of 28,906 square niles. Except
for about 4000 square niles of area in Indiana and Wsconsin, the watershed
is located in Illinois. The total watershed |ocated upstream of Peoria Lake

is 14,165 square mles. The watershed contains the drainage basins of the
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Verm |ion, Kankakee, Fox, and Des Plaines Rivers in addition to many smaller
tributary streans. Al of the tributary streans contribute to the sedi nent
load in the Illinois River. Since the Illinois River passes through Peoria
Lake, a percentage of the sedinment carried, by the river is trapped in the

| ake. The anount of sediment carried by the Illinois River varies from year
to year depending on precipitation, runoff, land use, and other factors
There are no long-termdata to assess the variation in sediment |oad of the
[1linois River through tine other than the changes in sedinentation rates in
the bottom and | akes along the Illinois River Valley.

The other nmajor sources of sediment to Peoria Lake are the small
tributary streans which drain directly into the [ ake. The nanes of the
streams and the sizes of their drainage areas are given in Table 5. Al the
streams enter Peoria Lake downstream of Chillicothe and upstream of Peoria.
Most of the area in the watersheds of these streans is agricultural, with
Sonme urban area primarily in the Farm Creek watershed where East Peoria is
| ocat ed.

Because of their steep slopes and close proximty to the |ake, the
tributary streanms which drain directly into the |ake contribute a significant
anount of sedinent to the lake. Factors which contribute to the
sediment |oads of these streams include watershed erosion, stream bank
erosion, and gully erosion. Stream bank and gully erosion are significant
along the bluff which surrounds the |ake.

The contribution of tributary streams to the sedinmentation problemis
partially shown by the growth of deltas at the mouth of the streams. For
example, Fig. 27 illustrates the growth of the Partridge Creek delta from
1939 to 1969. The surface area of the delta increased by 94 acres in 30

years and the total amount of sedinment accunul ated was estinmated to be 900
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Table 5. Tributary Streans which Drain Directly into Peoria Lake

Drai nage Area

Nanme of Stream (sq m)
Senachwi ne Creek 85.0
Crow Creek 78.7
Farm Creek 60.0
Ri chl and Creek 47.0
Snag Creek 32.0
Partridge Creek 28.0
Tenm | e Creek 17.6
Bl ue Creek 10.5
Di cki son Run 7.9
Funks Run 5.4
Bl al ock Creek 2.8
Unnaned Tributaries 57.8
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acre-feet. It should also be noted that the sediment accunulating at the
deltas is only a fraction of the total sediment input fromthe tributary
streams since a large percentage of the sedinent is carried further into the
| ake.

Peoria Lake has approximately 80 nmiles of shoreline and there is sone
| ocal i zed erosion along the shoreline, which can be significant in sone
areas. In terms of being a sedinment source to the |ake, the contribution of
shoreline erosion is estimated to be very small as conpared to the
contributions of the Illinois River and the tributary streams. Shoreline
erosion is estimated to contribute no nore than 2 to 3 percent of the tota
sedinent input into the |ake. However, this does not nean that shoreline
erosion is not a problem As a matter of fact it could be a major source of
sediment for |ocalized areas, but when the sediment input into the whole | ake
is considered, shoreline erosion is the |east contributor of sediment to the

| ake.

Sedi ment  Budget

From 1976 to 1985, Peoria Lake has accunul ated 2033 acre-feet of
sedi nent per year on the average. Assuming that the unit weight of the
recent sediment is 45 pounds per cubic foot, the sedinmentation rate is 2.0
mllion tons per year. On the basis of the analysis of the sedimentation
rates since 1965, there is no indication that the sedinmentation rate will
change significantly in the comng years even though the trap efficiency of
the lake will gradually decrease as the capacity of the lake is reduced due
to sedinmentation.

The relative contributions of the different sources of sediment are

estimated as follows. The Illinois River annual sedinent load is estimted
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to be 4.2 mllion tons based on the assunption that the sedinent yield from
the Illinois R ver watershed upstreamof Peoria Lake is 300 tons per square
mle. The sedinent yield was estimated on the basis of sedinent |oad
measurenment of the Illinois River at Valley City. The average sediment |oad
of the Illinois River for three years (from 1981 to 1983) was calculated to
be 283 tons per square mle. The sediment yield per unit area generally
increases as the drainage area decreases. The drainage area of the Illinois
River at Valley Gty is 26,564 square mles as conpared to 14, 165 square
mles for the Illinois River upstream of Peoria. Thus a slightly higher
sediment yield estimate of 300 tons per square mle is used for the Illinois
River upstream of Peoria Lake

The contribution of the Illinois River to the sediment in the lake is
conputed by determning the trap efficiency of the lake at different tines.
The trap efficiency of Peoria Lake was cal culated fromthe historical |ake
level and flow records in the Illinois River. The results of the
conputations are shown in Table 6. The trap efficiency was cal culated for
four different periods from 1903 to 1985. The average |ake levels for the
different periods were utilized to conpute the mean | ake capacity of the |ake
for each period, and the nean inflow was calculated for the same period from
flowrecords for the Illinois River at Marseilles, Kingston Mnes, and
Meredosia. The trap efficiencies were then determned from Brune's curves
using the capacity-inflow ratios. For the period from 1976 to 1985 the trap
efficiency of Peoria Lake is estimated to be 28 percent. Therefore, on the
average 28 percent of the Illinois River sediment load is trapped in the
| ake. This anounts to 1.2 mllion tons of sediment per year, which is about

60 percent of the mean annual sediment accumulation in the |ake.
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Peri od
1903- 1939
1939- 1965
1965- 1976

1976- 1985

Table 6. Trap Efficiency of Peoria Lake during
Peri ods from 1903 to 1985

Di fferent
Mean | ake Aver age
| evel capacity
(ft, nsl) (acre-ft)
441.0 121, 800
441.0 98, 300
441.9 95, 800
440.9 61, 800
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Mean
i nfl ow

(cfs)

19, 300
12, 800
16, 300

16, 000

al
rati o

0. 0087
0.011
0. 0081

0. 0053

Trap efficiency
percent)

40

45

39

28



The contributions of sedinent fromthe tributary streams listed in Table
5 were conputed using the sediment yield equations from Adans et al. (1984).
On the basis of the equation devel oped for Sedinent Yield Area |, the tota
annual sedinent yield fromtributary streams is estinmated to be 0.8 mllion
tons, which is 40 percent of the mean annual sediment accunulation in the

| ake.

Sediment Quality

In general there has been inprovenent in the quality of sedinent in
Peoria Lake in recent years. The sedinent |ayer accunulated since the late
1970s is generally of better quality than the sedinent |ayers deposited in
the 1950s or 1960s. This is illustrated in Fig. 28, in which the
concentrations of zinc and lead in the sedinent are plotted against the depth
of sediment. The period of sedinmentation, based on the assunption of a
uniformrate of sedinentation, is also indicated in Fig. 28. The peak
concentration for lead was in the late 1960s, while that for zinc was in the
early 1950s. The concentrations of the two heavy netal s have been decreasing
since those periods. Since the md-1970s there has been a significant
decrease in the concentrations of zinc and lead in the sediment.

In general the concentrations of nmany chem cal el ements have been
decreasing since the 1950s. Table 7 summarizes the general chem ca
characteristics of Peoria Lake sedinments for three time periods. The
1976-1985 period represents the nost recent sediment [ayer, while the
1903-1939 period represents the old sedinment |ayer. The 1953-1965 period
represents the mddle sedinent |ayer, which has the worst chem ca

contani nation. The older sediment is nmuch cleaner than the sedi ment
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Fig. 28. Change in the concentrations of |lead and zinc with depth

Table 7.

Peri od

1976- 1985
1953- 1965

1903- 1939

in Peoria Lake sedi nent

Summary of Chemical Characteristics of Peoria Lake Sedinent

As od o Qu Pb Zn P205
(ppm (ppm (ppm (ppm (ppm (ppm (percent)
11.2 2.2 134 66 57 258 .34
14.6 7.3 182 78 89 436 .57

6. 4 <0. 9 105 25 10 99 .20
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deposited in the later periods. The nost recent sediment is, however, much
cl eaner than the sediment deposited from 1953 to 1965.

The inprovenent in sediment quality is a direct result of stricter
envi ronmental regul ations which have linited the discharge of untreated

domestic and industrial wastes into the Illinois River and its tributaries.
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ALTERNATI VE SCLUTI ONS FOR PECRI A LAKE SEDI MENTATI ON PROBLEMS

Sedinentation in Peoria Lake is not a new problem In fact, it has
exi sted since the creation of the |ake. However, the sedinentation problem
has been significantly accelerated by a nunber of human-induced changes in
the Illinois River and its watershed. Even though a small segment of
conservationists and residents in the area recognized the problens of
sedinentation in Peoria Lake very early, the problem was ignored until
recently. If sedinentation in Peoria Lake continues at the present rate, it
is estimated that in 10 to 15 years the river and the lake will reach dynamc
equilibrium and the net accunulation of sediment in the |ake will be zero.
There will be sedinent accunulation in sone areas, especially the channel and
the delta of tributary streams, but an equal anount of sedinent will be
transported out of the lake from other areas within the |ake

Wth the conditions allowed to reach the |evel they have, any of the
solutions to regenerate Peoria Lake will cost a significant anount of noney
and will take a long tine to fully inplenent. Al possible alternative
solutions to the sedimentation problemin Peoria Lake will be discussed
briefly in the follow ng pages. Because of the limted scope of the project,
the cost of each alternative has not been anal yzed. Thus some of the
alternatives may be financially infeasible, but they are included in this
report so their technical feasibility may be evaluated. The alternative
solutions are grouped into the follow ng four main categories:

. Control Sedinment Input

1. Manage In-Lake Sedinment
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1. Hydraulically Manipulate the Illinois River through Peoria Lake
IV. Do Nothing -- Let the River Establish Its Oan Dynam c Equilibrium

|. Control Sedinent |nput

The alternative solutions in the sedinent input control category are
those sol utions which are intended to reduce the input of sedinent from
different sources. It should be nentioned that these alternative solutions
do not deal with the existing sediment in the |ake. However, they should be
incorporated along with the best in-lake sedinent control measures for a
meani ngf ul | ong-term solution of the sedimentation problemin Peoria Lake.
This group includes the follow ng specific solutions

|.a. Control sedinment input fromtributary streans which drain directly

to the |ake by inplenmenting sone or all of the follow ng prograns

deemed necessary

1. Inplenent Best Managenment Practices in the watersheds to reduce
soi | erosion.

2. |nplement appropriate measures to reduce stream bank erosion and
gully formation in the watersheds

3. Build sedinentation basins on the tributary streans to trap
sediment before it reaches the |ake

4. Increase the dredging of sand and gravel at tributary stream
channel s.

5. Re-divert Farm Creek fromits present course to its origina
course to stop sedinent input fromFarm Creek to Lower Peoria

Lake.
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. b.

| npl enent Best Managenent Practices (BWMPs) on the

[llinois River watershed to reduce erosion

This alternative solution should be viewed as part of the
| ong-termsolution to the sedinmentation problemin the Illinois
River Valley |akes. Because of the size of the area (14, 165-sg-m
wat er shed upstream of Peoria) and the problens with |and
managenent, it is doubtful that this alternative will have any
significant inpact on the sedinentation problemin Peoria Lake in
the imediate future. However, without any progress in the contro
of soil erosion in the Illinois River watershed, the sedinentation
problem will not be reduced to an acceptable |evel

Priorities for inplementation of Best Managenent Practices have
to be set on the basis of the best available data on soil erosion,
| and use, physiography, proximty to the lake, and other factors.
The highest priority should be assigned to the marginal lands with
steep slopes, construction sites, and excessive stream bank erosion
areas. These are the areas where the best results in reducing soi
erosion could be attained for the least amount of effort and noney.
Fur thermore, it should be realized that reducing soil erosion in
the areas with close proximty to the lake will result in the
greatest reduction of sediment delivery to the |ake

It should be pointed out that excessive soil erosion is not
unique to the Illinois River watershed. It is a global problem
whi ch everybody should be concerned about. Any neaningful program
to control soil erosion will have to include the participation of

| ocal property owners and local, state, and federal governnments and
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agencies. Certain government programs could be used effectively to

reduce the erosion problem nationw de

| npl ement shoreline protection programfor Peoria Lake

The shoreline of Peoria Lake, which is approximately 80 mles
long, is subject to erosion due to waves generated by wi nd and
river traffic. The amount of shoreline erosion in Peoria Lake is
not very well docunmented; however, it could be one of the sources
of sediment in the |ake. Reducing the amount of shoreline erosion
will help in the overall reduction of sediment input into the |ake
However, shoreline erosion control by itself will not solve the
sedinentation problem in Peoria Lake

Establish marshy areas to prevent bank erosion

and resuspension of bottom sedi ment

This alternative will establish marshy areas (wetlands) by
planting the proper vegetation along the shoreline of the lake to
prevent bank erosion and resuspension of bottom sediment. In
addition to controlling bank erosion, the marshy areas wll provide
i nproved aquatic and wetland habitats and m ght inprove the quality
of water in the lake. This alternative will not significantly
reduce the sediment input into the lake, but it will provide a
means of reducing the negative inmpacts of the sedinent already in
the lake. This alternative should be incorporated into a
conprehensi ve sedi ment management plan for the |ake. Selected
areas of the |ake could be designated as marshy areas and if

managed properly could promote an increased diversity and abundance

of aquatic life.
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. €.

Construct a dam upstream of Peoria Lake

This alternative will reduce the amount of sedinment comng into
the lake by trapping nuch of the sediment fromthe Illinois River
However, the lake created by this damw || experience excessive
sedi nentation and mght require dredging regularly to function as
an effective sedinment trap. Furthernore, the people around the
upper reaches of Peoria Pool mght not allow the construction of
such a dam

Overall, this alternative is not very attractive since it sinply
transports the problem to another part of the river

Provide upstream storage for high flows

This alternative will reduce the anount of sediment coming into
the | ake by trapping sone of the sedinent carried by the Illinois
River during high flows. A high percentage of the annual sedinent
load of a streamor river is transported during flood events which
occur in relatively short periods of time out of the year. By
trapping the sediment during flood events upstream of the |ake, the
annual sediment accunulation in the |ake will be reduced. This
alternative is better than alternative |.e because the flood
storage does not have to be on the river. Also, this alternative
wi Il have the added benefit of reducing flood levels in the Peoria
area

The anount of upstream storage needed to effectively reduce
the sedinent input to Peoria Lake is not known. It is also not

known if there are appropriate |ocations for construction of the
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needed upstream storage. A significant amount of [and would be

required, and relocation and construction costs would be high

I1. Manage |n-Lake Sedi nent

The alternative solutions grouped under in-lake sediment contro
general Iy involve sone form of dredging. Since nmost of the lake is
essentially filled up with sediment, the only way to gain additional |ake
capacity is either to dredge the sediment out of some areas of the lake or to
raise the elevation of the dam Raising the damw || be discussed later. The
dredging options are presented in this section.

It should be pointed out that before any of the dredging alternatives
can be inplenented, the standard environnental inpact evaluations have to be
performed to satisfy federal and state regulations. The environmental inpact
studies will include evaluation of the inpacts of dredging and dredge
di sposal on water quality, aquatic organisns and habitats, and any beneficia
uses of the lake and the river. They will identify the specific areas that
will be dredged, the amount of dredge material, the dredging and di sposa
techni ques, and specific dredge disposal sites. The environmental inpact
studies will identify and quantify the [ong-termand short-terminpacts of
the whol e dredging operation. If conventional dredging and disposa
practices do not meet federal and state regul ations, special procedures will
be established to reduce the negative inpacts of the dredging operation

Il.a. Dredge selected areas of the |ake

The total amount of sedinment in Peoria Lake is estimated to he
89 mllion tons. The volume of sediment is approximtely 81,000
acre-feet. This means that if the sedinment in Peoria Lake is

spread over 81,000 acres of land, the depth of sediment will be 1
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foot. If it is piled over an acre of land, it will rise 81,000
feet (or 15 mles) into the sky. Since it would no doubt be
i npossible to find a proper place outside the lake to put all this
sedinent if the whole | ake were dredged, the nost reasonable
option is to dredge the lake in selected areas. The choice of the
areas to be dredged wi |l depend on several factors. The first
criterion is of course the relative inportance of the area for
recreation, fishing, and other beneficial uses

The second criterion is the expected sedinentation rate after
dredging. Sone areas of the lake will fill up quickly with
sedi nent while some could remain deep for |onger periods of tinme.
The rate of sedinentation for different areas depends on their
| ocations within the |ake and the flow conditions at the sites.
For exanple, nuch of the area in Lower Peoria Lake will have a
better chance of staying deep than nost of the upper |ake once it
is dredged. However, if the area around the nouth of Farm Creek
in Lower Peoria Lake were to be dredged, it could fill up with
sedi nent qui ckly.

The third criterion is the availability of sites for dredge
di sposal. Since one of the major problems with dredging is the
|l ack of suitable places to dispose of the sedinent, this criterion
is inportant in selecting areas to be dredged

Lower the |ake | evel to conpact sediment by drying

This alternative involves |owering the | ake | evel below the
| ake bottomto dry the sedinent. Wen the sediment is dried it
becomes conpacted and |oses some of its volunme. Theoretically, it

is possible to reduce the volume of saturated |ake sedinent by
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hal f through the processes of drying and conpaction. However,
there are no reliable data which will guarantee such a reduction
in volume of sediment under field conditions. Since nmuch of the
sediment in Peoria Lake consists of clay and silt, it is possible
for the dry sedinent to expand in volume when it is again
subrmerged under water. Thus it is not clear how much of Peoria
Lake’ s vol ume coul d be reclaimed by drying the sedinent.
Furthermore, the tinme required to dry nuch of the sedinment will be
greater than one year, which will be inpossible to attain because
of the annual flooding cycle in the Illinois River. During the
fl oodi ng season, when the dam has no effect on the level of water
in the lake, the whole lake is under several feet of water, which
will saturate the sediment with water every year

It is therefore alnmost inmpossible to dry and conpact nuch of
the sedinent in Peoria Lake. Even if it were possible to |ower
the lake and dry the sediment, the inpacts on navigation
recreation, and aquatic life of lowering the |ake |evel for the
extended time required for drying nust be assessed very
thoroughly. Overall lowering of the |ake level to conpact the
sedi ment by drying does not seemto be a promsing alternative for
Peoria Lake.

Lower the |ake level for dry dredging

This alternative will involve |owering the |ake |evel bel ow
the | ake bottomto dry the sedinent, and then dredging the dry
sedinent. As was pointed out before, it will be alnost inpossible
to dredge the whole |ake. Thus even this alternative involves

only selected dredging. The choice between dry or wet dredging
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depends primarily on the cost of dredging. At this time it wll
be difficult to select either type of dredging because the extent
and | ocation of dredging are not well defined and thus no cost
anal ysis can be performed. This alternative would have
significant inpacts on navigation, recreation, and aquatic life
because of the lowering of the |ake level for an extended period
of time (time required for drying and dredging).

Dike part of the lake for dry dredging

This alternative involves building dikes in the |ake to
isolate selected areas for dry dredging. The dikes will prevent
river water fromentering into the dredge site during the periods
of drying and dredging. They will also help contain any negative
i npacts that might be associated with the dredging operation
within the dredging site.

In general, this alternative is one of the possible ways to
perform dredging in Peoria Lake. However, further analysis is
needed regarding the feasibility of building dikes within the |ake
to withstand the annual floods in the Illinois Rver, as well as
the costs associated with such an operation

Create artificial islands in the lake to form braided side

channel s, increase flow velocities, and reduce wave action

This alternative goes along with any of the dredging
alternatives discussed earlier. This is a creative technique for
| ocating dredge disposal sites while at the same time providing
| ong-term solutions and inproved aquatic environnent. The
inplicit assunption on which this alternative is based is that the

| ake is too large for the flow conditions in the river. By
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reducing the flow area, greater velocities are generated in the
different channels and side channels between the islands
preventing the channels fromfilling up with sedinent. The
channels will be relatively deep and can be utilized for
recreation and fishing

The islands will also serve as w ndbreaks and thus will reduce
the generation of waves by wind. This will prevent the
resuspensi on of bottom sedinents by wind waves and will result in
| ess turbid water in nost areas. The less turbid the water, the
better the water quality, resulting in inproved aquatic habitats
for fish and other organisns.

There are several engineering and environnmental issues which
need to be investigated before this alternative can be
i npl enent ed. The engineering issues include the location, size,
and building material selected for the islands. The islands have
to be designed to mnimze sedinmentation and provi de w ndbreak
action for a large area of the lake. Thus a detailed hydraulic
study will be required to determ ne the optinum sizes and
| ocations of the islands. Even though the sedinent in the |ake
coul d provide the bulk of the material needed to build the
i slands, additional material from outside of the |ake mght be
needed to stabilize the islands. Proper vegetation selection and
planting will also be required to help stabilize the islands and
provi de enhanced aquatic and riparian environment. The
environmental issues are related primarily to the dredging
operation that will be perfornmed during the building of the

islands. A full environmental inpact study will definitely be
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requi red before and during the inplenentation of this
alternative.

[1.f. Experinent with thalweg disposal of dredged sedinent

This alternative is a means of disposing of dredged sedinent.
It involves placing dredged sedinent in the deepest part of the
mai n channel so it can be transported downstream by the higher
currents present in the channel. This has been found to work
effectively in sand bed channels but has not been tried for silt
and clay materials. If it is found to work effectively it mght
provi de one of the cheapest means of disposing of dredged
materials.

One of the major questions that needs to be answered regarding
this technique concerns the final fate of the disposed material.
Wiere does the dredged material end up? Is it flushed out of the
system during periods of high flowor is it just spread out

further downstream within the |ake?

[I'l. Hydraulically Manipulate the Illinois River through Peoria Lake

The alternative solutions under this category involve changing the flow
conditions of the Illinois River through Peoria Lake to achieve an increase
in |ake volume and depth. Some of them are short-term solutions while others
could be incorporated into a conprehensive |ong-term solution schene.

[1l1.a. Raise the Peoria Dam

This is an alternative which will provide additional |ake
vol ume and depth tenporarily. How nuch the |ake |evel can be
raised will be determ ned by surveying the | akeshore properties

and the inpact that a higher lowflowlake level will have on
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[11.b.

those properties. Raising the damduring low flows will not
affect the flood elevations during the flooding season

The pool elevation cannot be raised nore than 12 to 18 inches
by using the present |ock and dam because of the nature of the
dam which is a navigable w cket dam The damis |owered to the
channel floor during high flows and raised during low flows. The
support systemfor the wickets is at fixed |ocations, which makes
it inpossible to raise the pool elevation significantly without
maj or nodifications. If the pool elevations were raised by 3 to 4
feet, a new |ock and dam mght be required

However, it should be recognized that this is a tenporary
solution. If the lake volune is increased, the trap efficiency of
the lake will increase fromthe present condition and sedi nent
accunulation in the lake will increase accordingly depending on
how much the damis raised.

Build in-lake dike (levee) to confine Illinois River flow

This alternative will route the Illinois River flow through a
confined channel past Peoria Lake. A dike will be built to
separate the river fromthe |ake so that the sediment carried by
the Illinois River will bypass the lake. During extrene high
flows, the part of the lake isolated fromthe river could be
operated as a floodway to reduce flood stages.

This alternative mght reduce future sedimentation, but wll
not address the present problem unless nost of the material for
building the dike is dredged fromthe |ake. Furthernore,
isolating most of the lake fromthe Illinois River mght create

water quality problens in the | ake because of stagnation and
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1. c.

possi bl e eutrophication. Access channels fromthe river to the
| ake would need to be constructed and maintai ned.

Redirect the main flow of the Illinois River to the shallow

[11.d.

parts of the |ake

Redirected main flow w |l have sone scouring action on the
fine deposited sediment within the lake, resulting in increased
depth along the areas where the main flow is redirected. The
scouring action of the main flow of the Illinois River in Peoria
Lake can be observed fromthe cross-sectional profiles (see
Figs. 17-20), which show that the depth in the main channel is
much greater than in the channel border areas. I|f the main flow
is redirected repeatedly at various locations, it will be possible
to increase the depth of water over large areas. However, sone of
the sedi ment scoured by the river mght settle out at other places
in the lake, and thus there mght not be much gain in the tota
| ake capacity. Also, this alternative mght be inpractical to
i mpl enent .

Rel ocate sailing line periodically

This alternative is simlar to the previous one but will have
the added factors of making use of barge traffic and maintenance
dredging. Barge traffic will resuspend the fine sediment and nove
it either laterally or downstream Areas of deep water wll be
increased as ol d sailing channels are abandoned and new ones
added. Some of the sediment removed from the newer sailing
channels will settle out in the other parts of the |ake and sone

of it will nove downstream out of the |ake. How effectively and
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by how much the [ ake depth could be increased is very difficult to

estimate at this tine.

[Il.e. Wden and deepen the Narrows

This alternative mght help reduce the sedimentation rates in
Upper Peoria Lake by reducing the backwater effect of the Narrows
and by increasing the flow out of Upper Peoria Lake. However, this
most probably would result in increased sedinmentation in Lower
Peoria Lake and therefore is not a very good alternative.

[11.f. Build a check dam at the Narrows

This alternative involves building a check damat the Narrows
to inpound nore water in Upper Peoria Lake. Sedinent from Upper
Peoria Lake could be flushed out by |owering the check dam
occasionally. This could acconplish two purposes: it nmight reduce
the sedinentation rate in Lower Peoria Lake by generating higher
velocities during the flushing period of Upper Peoria Lake, and it
m ght provide a mechanismto flush some of the sedinent out of
Upper Peoria Lake.

The major problemwth this alternative is the navigation
requirements. Either a lock has to be built at the Narrows for
continuous navigation, or navigation has to be suspended during

the flushing operation

V. Do Nothing -- Let the River Establish Its Oam Dynamic Equilibrium

To choose this alternative is to accept that the |ife of Peoria Lake is
over or will be over very soon. As shown in Fig. 25, at dynamc equilibrium

the Illinois River will consist of a relatively narrow channel neandering
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through the |ake. Mich of the area outside the channel will be either a nmud
flat or a marshy wetland area depending on the ability of vegetation to grow
over the lake sediment. During the flood season, however, nost of this area

and beyond will be inundated by water.
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RECOMVENDATI ONS

The solution to the sedimentation problemin Peoria Lake has to include
two major conponents: 1) in-lake sedinent control, and 2) sedinent input
control. Applying just one of these types of measures to the present
conditions will not solve the problem Mst of the |ake has essentially
filled up with sedinent. Thus if we apply only sedinent input contro
measures, which will take a long time to result in any significant inpacts
neither the volume nor the depth of Peoria Lake will increase. On the other
hand, if we dredge the whole | ake to 1903 conditions or raise the dam but do
not inplement any sedinent input control measures, it will be just a matter

of time before the lake again fills up with sediment. Therefore, a sound

and beneficial managenent plan to solve the sedinentation problemin Peoria

Lake must include either renoving some of the sediment in the |ake or raising

the dam along with inplenentation of sedinment input control neasures to

reduce the sedinentation rate

| n- Lake Sedi ment Contr ol

The first major conponent of a conprehensive plan is the management of
the sedinent in the |ake. Raising the Peoria Dam m ght be considered as a
partial and tenporary alternative to dredging. How nuch higher the dam can
be raised without affecting property on the shore during |ow flow peri ods
needs to be investigated further. Raising of the damduring low flows wll
not increase flood heights during the flood season if the damis operated
properly. It should be stressed, however, that raising the damis a
tenporary solution. As a matter of fact, it could increase the sedimentation

rate tenmporarily by increasing the trap efficiency of the lake; and the
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addi tional volunme gained by raising the damcould be lost in a relatively
short period of tine if sediment input is not controlled.

Sel ective dredging is one of the best alternatives and shoul d be
incorporated in a conprehensive sedi ment managenent plan for the |ake. The
best location for selective dredging is Lower Peoria Lake. This is primarily
because the sedinmentation rate in Lower Peoria Lake is |ower than that in
Upper Peoria Lake. Any dredged area in Lower Peoria Lake will have a |onger
life expectancy than an area in the upper |ake. The approxinmate area in
Lower Peoria Lake that needs dredging, as determned by the 1985 bathynetric
survey, is shown in Fig. 29

The area that needs dredging is identified as that part of the |ake that
had a depth of 5 feet or nore in 1903 and that presently is less than 5 feet
deep. It is not necessary to dredge the whole area shown in Fig. 29 nor to
dredge it to 1903 conditions. Further analyses including determnations of
dredging | ocations, depth requirements for recreation, and costs of dredging are
needed before deciding which areas and to what depth to dredge

Since only three bed profile surveys were taken in Lower Peoria Lake in
1985, it is difficult to be much more specific about the dredge area
However, areas in Lower Peoria Lake which could have sedinentation problens
after dredging include the Detweiller Marina area, the Farm Creek nouth area,
and the area just downstream of the Narrows (Fig. 30). The Farm Creek nouth
area is not a very good site to dredge because it could be filled up with
sand from Farm Creek very quickly. The Detweiller Marina area and the area
just downstream of the Narrows are located in dead zones, where the currents
are not expected to be high enough to keep the sedi ment noving downstream
There m ght even be eddies around those areas which would tend to increase

the sedinentation rates.
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Areas in Lower Peoria Lake that need dredging (areas with depths
greater than 5 feet in 1903 and less than 5 feet in 1985)
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On the basis of the past sedinentation rates in Lower Peoria Lake, if
the lake is dredged to its 1903 capacity of 24,000 acre-feet and the sedi nent
input to the |ake remains as before, it is estimated that in 40 years it wll
fill back to its present capacity of approximately 12,000 acre-feet. The
total anount of sediment that needs to be dredged in Lower Peoria Lake to
bring it back to its 1903 capacity is estimated to be 13 mllion tons.
However, as previously nentioned, the [ ake need not be dredged to 1903
condi ti ons.

Dredge disposal sites were not throughly investigated in this project.
However, the best disposal sites for Lower Peoria Lake mi ght be the Farm
Creek and Tennile Creek deltas.

Al'l the above assessnments are based on this reconnai ssance study. |f
dredging is selected as the best alternative, nore detailed surveys and
studies on the extent of dredging, environnental inpacts, and sedinentation
after dredging will be needed.

In Upper Peoria Lake selective dredging of isolated areas does not seem
to be advisable, unless it is part of an overall solution that requires
hydraulic nmanipulation of the Illinois River. The best alternative at
present appears to be creation of artificial islands with dredge materia
along with some enhancenent prograns such as creation of marshy areas al ong
selected locations in the |ake. However, there are many technical questions
which need to be answered in order to inplement such a plan. The first
question is what kind of islands and how many islands will be needed to keep
the rest of the lake fromfilling up with sedinment. The second question is
how to build the islands with the type of sediment present in Peoria Lake,
which is nostly silt and clay. Another question concerns the environmenta

i npacts of building the islands.
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Studi es are being conducted in the upper M ssissippi River regarding
construction of artificial islands in Pool 5 as part of the Upper M ssissipp
Ri ver enhancenent plan. Sone of the experience in those areas will be very
hel pful if creating artificial islands in Peoria Lake becones a reality.
However, because there are significant differences between the upper
M ssissippi River and the Illinois River, detailed hydraulic and environ-

mental studies will be required in the Peoria Lake area.

Sedi ment I nput Control

The second mjor conponent in a conprehensive managenent plan is
control of sedinent input to the Iake. The major sources of sedinment to
Peoria Lake can be subdivided into two conponents: the upper Illinois R ver
wat er shed and the watersheds of tributary streams which enpty directly into
the |ake. These two sources are estimated to contribute alnmost all of the
sedinent, with shoreline erosion contributing a very small percentage of the
total sedinent. Shoreline erosion could, however, be a major source of
sediment at sone locations within the |ake.

The Illinois River watershed, shown in Fig. 26, covers a total of 28,906
square mles of land, nore than one-half of the surface area of the state.
Approxi mately 4000 square miles of the watershed is located in Indiana and
Wsconsin. Qut of the total Illinois River watershed, approximtely half of
it (14,165 sq m) is located upstream of Peoria Lake. This area includes the
wat ersheds of some of the major rivers in the state such as the Vernmilion,
Kankakee, Fox, and Des Plaines Rivers. The Illinois River watershed upstream
of Peoria Lake falls within 25 counties in Illinois, 13 counties in Indiana,
and 6 counties in Wsconsin. To control erosion to an acceptable level in

the upper Illinois River basin will require tremendous effort at all levels
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and in all three states. Furthermore, even if sedinment control neasures were
to be inplemented today all over the watershed, the inpacts of those neasures
on Peoria Lake sedinentation problems would be mnimal for a long period of
time. Even though all the attenpts to control erosion in the upper watershed
shoul d be encouraged and pursued as a means of |ong-term solutions, they
shoul d not be | ooked upon as a short-termsolution to the Peoria Lake
probl em

The highest priority for sediment input control nust be given to the
tributary streans which discharge directly to the [ake. The drainage area of
all the tributary streams which drain into Peoria Lake is approximtely 430
sq m, which is only 3 percent of the total watershed of the Illinois River
upstream of Peoria. However, this 3 percent of the total watershed is
estimated to contribute approximately 40 percent of the total sediment in
Peoria Lake. Part of the sediment these streans contribute to the |ake is
indicated by the delta growth at the nouth of the tributaries. However, nuch
of the sedinent fromthese streanms is transported further into the |ake
during stormevents in their respective watersheds.

The best results will be achieved if nost of the effort and noney is

spent to control the input of sedinent fromthe tributary streans to the

| ake. One of the major tributary streans is Farm Creek, which enpties into
Lower Peoria Lake. The stream fornerly discharged into the narrow segment of
the Illinois River downstreamof the |ake as shown in Fig. 31, but it was
diverted to its present location for flood control purposes in the 1950s. In
terms of controlling sedinent input to the |ake, consideration should be
given to rediverting Farm Creek to its original course and/or to signifi-

cantly reducing erosion in the watershed.
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Redi verting Farm Creek to its original course would cause the
sedi nent -1 aden water to be discharged to a narrow section of the Illinois
River. The sedinment would then be carried downstream rather than formng a
large delta at the mouth of the creek, as is happening at the present tine.
However, the rediversion mght create sedimentation problens near the mouth
of the old channel, and some of this sediment would be deposited in the
i mrediate vicinity of the downstream pool

The erosion problens are simlar along all the other tributary streans,
including Dickison Run and Tennile, Blue, Partridge, Richland, Snag, Crow,
and Senachwi ne Creeks. As one of the initial steps in a conprehensive
sedi nent nanagement plan for Peoria Lake, it is reconmended that an
integrated plan to control sediment input fromthe tributary streans be
initiated as soon as possible. Such a plan does not have to wait until al
the other conponents of a conprehensive plan, such as selective dredging or

creation of artificial islands, are decided upon.

Sunmmary

In summary the recommendations for solving Peoria Lake sedinmentation
problens identify the following alternatives as the best ones to pursue
further:

. Selective dredging

« Creation of artificial islands

Rai sing of the dam

Creation of marshy areas

Sedi ment input control
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It is recomended that a conprehensive nmanagenent plan which includes
all or nmost of the above elements be drawn up for Peoria Lake. Any one of
the alternatives by itself cannot solve the problems in Peoria Lake caused by
sedimentation. Further analysis and detailed studies are needed for most of
the alternatives. However, immediate action can be initiated on some of the
alternatives, especially on control of sedinent input into the |ake from
tributary streamns.

It should also be pointed out that a successful programto solve the
Peoria Lake sedinmentation problemw || require the participation of federal
state, and | ocal agencies involved in the managenment of water and | and

resources in the state.
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