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Subject: Peoria Riverfront Development (Ecosystem Restoration) Study,
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Response to Comments:

Comment No. 138, Page D-3

This sub-appendix concentrates only on the hydrodynamic aspects in connection with the
construction of the artificial islands. Thus, only the velocity structures are included in
this appendix. No sedimentation and/or flood height determinations were included in this
appendix. Other sub-appendices should be renamed to reflect the true content of those
appendices.

Comment No. 311, Page D-3-5

Corrected first dot point under Study, Purpose, Goals and Rationale as follows:

¢ Attempts will be made to build one or more artificial islands within the Peoria
Lake. Corrected page enclosed.

Comment No. 312, Page D-3-6

See changed sentence at the end of the 5™ paragraph on this page. Revised page attached
with this response.
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Comment No. 313, Page D-3-7

No change, this value was given as a 2-year flow in the original publication by the
USACOE, RID.

Comment No. 314, Page D-3-8

This sentence under modeling results was included in this report based on the comments
received from the team members when a draft of this report was circulated for comments.
Some of the state and federal team members felt that one or two sentences should be
included with this report to clarify that none of the engineering design or geotechnical
analyses are part of this report. We recommend keeping the sentence as it is written now.

Comment No. 315, Page D-3-11

Third “dot point” near the bottom of this page has been correct from “navigations” to
“navigation.” Corrected page is included with this memo.

Comment No. 316, Page D-3-12

End of third paragraph from bottom modified, please see the attached modified page.

Comment No. 317, Page D-3-15

Fourth paragraph, third line, corrected from “plan” to “plane.”

Second paragraph, fourth line, modified. Please see the revised page attached with this
memo.

Comment No. 318, Page D-3-16

Third paragraph modified, attached with this memo.

Comment No. 319, Page D-3-17

Could not understand and/or locate this comment. However, another typo on line 2 of the
last paragraph has been corrected. The corrected page is attached with this memo.



Comment No. 320, Page D-3-19

Eighth line, paragraph one, modified. Modified page attached with this memo.

Comment No. 321, D-3-22

Line 10, paragraph one, typo corrected.
Line 7, paragraph two, typo corrected.
Line 8, paragraph four, modified.

Modified page attached with this memo.

Comment No. 322, Page D-3-23

Last line, paragraph three, modified.

Modified page attached with this memo.

Encl: 1. Corrected pages
2. Response to ITR Comments in Tabular Form — Comments: 138, 310-322
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COMMENT ACTION
138 D-3 Appendix D-3, it appears that this appendix included modeling to Tom Kirkeeng
determine velocities only and that the other sub-appendices are for Mike Demissie
sedimentation and flood height impacts. Consider renaming the sub- | Nani Bhowmik
appendices to make this clear. When I read this appendix the first
time, I was looking for results and conclusions for flood heights and Agreed—Tom K to change.
sedimentation but only ended up with velocity results. There is a
section on sedimentation. But the conclusion is not clear.
Dean R. Cerny, P.E., ED-DM
310 D-2-6 | Better define areas of sediment deposition Mike Demissie
Marv Martane FN.HH Tom Kirkeeng
311 ISWS D-3-5 | Typo of/or Mike Demissie
Marv Martens ED-HH Corrected
312 D-3-6 | No verification. Avoid use of “Recently” Mike Demissie
Marv Martens ED-HH ' Modified
313 D-3-7 | 2.33 or 2 years Mike Demissie
Marv Martens ED-HH Corrected as stated
314 D-3-8 | Modeling results need not address lack of geo work Mike Demissie -No change as
Marv Martens ED-HH based on previous comments
315 D-3-11 | Typo navigations Mike Demissie
Marv Martens ED-HH Corrected
316 D-3-12 | Here and other places define or don’t use “ambient” Mike Demissie
Marv Martens ED-HH Modified
317 D-3-15 | Recent meeting should bhe dated Mike Demissie
Marv Martens ED-HH Modified
318 D-3-16 | 1% flow is 1% annuai chance of occurrence Mike Demissie
Marv Martens ED-HH Modified
319 D-3-17 | Typo use of only twice Mike Demissie
Marv Martens ED-HH Corrected
320 D-3-19 | “enhanced” 7 sedimentation Mike Demissie
Marv Martens ED-HH Modified
321 D-3-22 | Better explain calibrated Typo observes. Explain minor decreases in | Mike Demissie
velocities Modified
322 D-3-23 | Typo than ambient Mike Demissie
Marv Martens ED-HH Modified
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October 26, 2001

Brad Thompson

Mike Tarpey

U.S. Army Corps of Engineers
Rock Island District

Rock Island, IL 61204

Reference: Letter Report: Hydrodynamic Modeling for Artificial Island Construction
Within the Lower Peoria Lake

Dear Brad and Mike:
Enclosed please find the final Letter Report on the Peoria Lake Hydrodynamic Modeling work.

We have modified the report that was sent to you on October 11, 2001. Some of the major
changes are:

e Additional modeling results for combined Alternatives of 2 and 3, and,
e addition of 17 figures showing the modeling results.

We have also slightly modified the Summary section to show the results of this additional
modeling work.

We want to thank Jim Mick, John Marlin, both of you, and all the technical and support staff
from the Rock Island District of the COE for their support and help during this project. We are
looking forward to many other joint projects for years to come. If you need any additional
materials or information, please do not hesitate to give us a call.

Thank you very much.

Sincerely,

Nani G. Bhowmik, Ph.D., P.E.
Principal Scientist Emeritus
Watershed Science Section
Phone: (217) 333-6775

Email: nbhowmik @uiuc.edu

cc: Mike Demissie
John Marlin (WMRC)
Jim Mick (IDNR)
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Hydrodynamic Modeling for Artificial Island Construction
Within the Lower Peoria Lake

by

Nani G. Bhowmik, Principal Scientist
Mike Demissie, Principal Scientist and Head
Watershed Science Section
Hlinois State Water Survey
Champaign, Illinois

Introduction

This letter report summarizes the work conducted by the Illinois State Water Survey in
support of the potential artificial island construction within the Lower Peoria Lake by utilizing
the dredged lake bed sediments. As part of the Peoria lakefront study, the state of Illinois,
Department of Natural Resources and the U.S. Army Corps of Engineers (USACOE), Rock
Island District are jointly working to develop feasible alternatives to place dredged sediment
from the Peoria Lake. It was decided that the feasibility of constructing artificial island with
dredged materials within the Lower Peoria Lake will be one of the major emphasis in the
immediate future.

Lower Peoria Lake offers an opportunity and option to locate, build and maintain
artificial islands with dredged materials. Moreover, not only the location or locations are suitable
from a hydrodynamic and hydraulic point of view, but they also could be constructed on a
lakebed that is owned by the state of Illinois.

Construction of artificial islands with dredged materials within Peoria Lake is neither
new nor novel. The USACOE with direct support from the state of Illinois, have already
constructed two barrier islands within the Upper Peoria Lake near Chilliocothe on the east side
of the river. The barrier island closer to the main navigation channel was constructed by clem-
shell type dredging operation using only the top soft sediment layer. It was assumed that this
barrier island would be washed away by the Illinois River flow. Since its construction, the island
did not get washed away and is still in existence providing important terrestrial and shoreline
habitats.

The other barrier island constructed parallel to the barrier island closer to the main
channel, was constructed on the east side of the island with soft sediment. This island was
constructed by relatively hard sediment that was also dredged by clem-shell type dredging. These
sediments were dredged from the Lake below the top soft sediments. This barrier island on the
east side has stayed very stable, and vegetation, etc. have grown heavily and presently is an
important Illinois River migratory bird habitat. The dredged channel from where the sediments
were taken, are still in very good shape after being left alone for five to six years.



These two examples from the Upper Peoria Lake illustrate the viability and the
sustainability of constructing artificial islands with dredged materials. It is quite clear that the
Peoria Lake sediment can and should be able to sustain itself within the lake environment if
those are used to construct artificial island or islands. The sustainability of the dredged channel
as a deep-water habitat if properly oriented, sized and built next to the artificial island could also
be sustained.

The work being reported here was undertaken to determine the appropriate location or
locations of artificial islands within the lower Peoria Lake.

Historical Sedimentation Problems

The Peoria Lake is located upstream of the Peoria Lock and Dam at RM 157.6 and
extends approximately up to Chillicothe, RM 180. Peoria Lake is also called the bottomland lake
of the Illinois River and has been subjected to extensive sediment deposition. The profile of the
Illinois River shown in Figure 1 indicates that the river also changes its slope to a much flatter
gradient within the Peoria Pool. This flatter slope within the Peoria Lake also accelerated the
deposition of sediments over the years.

Many researchers worked on the Illinois River and the problems associated with the
excessive sediment deposition. Some of the original research on the sedimentation problems of
the Peoria lake and Illinois River and the backwater lakes can be found in Demissie and
Bhowmik (1985), Bhowmik et. al (1993), Demissie et. al (1992), Bhowmik and Demissie
(1989). Initial research on mathematical modeling for the construction of artificial islands within
the Peoria Lake was also done in 1988 by Demissie et. al (1988). Recently Bhowmik and
Demissie (2001) completed a project on the historical sediment deposition at or near the mouths
of five tributary deltas of the Peoria Lake. These are: Richland Creek, Partridge Creek, Blue
Creek, Dickison Run and Farm Creek.

Management of excessive sediment load within the Peoria Lake must be done at two
geographical locations. These are: a) at the watershed level, and b) within the lake environment.
Just a pure control of the sediment input from the watershed will not show any substantial
sediment reduction to the lake for many years to come. At the same time, trying to manage the
sediment within the lake environment without controlling the input of the sediments from the
watershed will also not be a very successful operation.

As part of the Peoria Lakefront Development project of the State of Illinois and the
USACOE, it was agreed that one option for sediment placement would be to build artificial
island or islands within the Lower Peoria Lake by utilizing the sediment that have already been
deposited within the lake environment. As previously mentioned this is not a new concept. The
original conceptual idea and mathematical modeling work was done by Demissie et. al (1988).
After the publication of that report several artificial islands of various shapes and sizes with a
varied degree of objectives have been built within the Upper Mississippi River. The barrier
islands near Chillicothe were also built within the Upper Peoria Lake.
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There are numerous benefits of constructing artificial islands with dredged materials.

Some of these benefits were enumerated by Demissie et al. (1988). There have been several
artificial islands constructed in various parts of the country. The following materials essentially
came from the publication by Demissie et al. (1988).

1.

Construction of artificial island(s) within the Peoria Lake will:

Provide improved and diversified aquatic, riparian, and terrestrial habitats. The dredging
of lake sediment at selected areas would create variable water depth habitats in areas that are
presently very shallow. The dredged areas and the shoreline of the islands can be contoured
so that they provide the desired water depth at selected locations during different water stages
in the Illinois River. Such an arrangement should provide improved and diversified aquatic
habitat for fish and other animals.

Because of the variable stages of the river, different parts of the islands would be inundated
at different times. Some of these areas would behave like natural wetland areas and provide a
different form of habitat that would enhance the aquatic habitat. Further up at higher
elevations on the islands there would be areas that would not be inundated by water every
year. These areas could be designed to provide riparian and terrestrial habitats to supplement
the aquatic and wetland habitats. This should benefit both waterfow] and shore birds that are
found in the Illinois River valley. In addition, the island habitat could provide a refuge to
migratory and nesting birds.

Serve as dredged material disposal sites for selective dredging. At present, frequent
dredging is not required in the Peoria Lake area to maintain the navigation channel.
However, that may not be the situation in the future as the deeper portion of the lake keeps
shrinking due to the continuous sedimentation in the lake. In some locations where the
tributary deltas are very close to the navigation channel, as in the case of the Tenmile and
Blue Creek Deltas, navigation channel dredging may be needed sooner than in other areas.
Therefore, it would be to the long-term benefit of navigation interests to have sites to dispose
of dredged material in Peoria Lake.

A large part of Peoria Lake needs to be dredged if it is going to provide deep water for fish
and wildlife habitat and for recreation. If no dredging is performed, a large part of the lake
will be transformed to mud flats and wetlands. However, dredging a large part of the lake
would be expensive and will not likely happen. Therefore, with the limited financial
resources available for lake rehabilitation, only selected areas could be dredged. If some
selected areas are going to be dredged, then there is a need to find a disposal site for the
dredged material. It is very unlikely that the necessary state and federal permits could be
obtained for disposing of dredged material in the river channel and flushing it downstream,
as is popularly believed. Thus islands would be an advantageous addition to the proposals for
dredging in Peoria Lake. This will enable the management agencies to dispose the dredged
sediment within the lake environment but not harming the present habitats.



3.

4.

5.

6.

Reduce wind- and navigation-induced resuspension of sediment and turbidity. One of
the major environmental problems in Peoria Lake is the resuspension of fine sediment
due to wind- and navigation-induced waves. The problem is aggravated by the
shallowness of a large part of the lake and fine unconsolidated sediment at the bottom of
the lake. Peoria Lake is over a mile to as much as two miles wide (west to east) at many
places. Lower Peoria Lake is about 4 miles long, and Upper Peoria Lake is over 14 miles
long in a south-to-north orientation. These dimensions and the prevailing wind direction
in the area, which is southwesterly, provide long fetches for wind to generate waves
sufficient to resuspend the sediment in the lake frequently. Navigation and recreational
boating also generate significant waves that resuspend sediment in the lake. Therefore the
construction of islands that reduce the fetch of the wind would reduce the generation of
waves in the protected areas and the resuspension of bottom sediment into the water
column. At the same time, constructing islands between the navigation channel and some
parts of the lake would shelter the area on the opposite side of the navigation channel
from waves generated by tows and pleasure crafts. This would reduce the negative
impacts of navigation and recreational boating in some areas of the lake.

Reduce sedimentation rates in the areas where islands are constructed. Constructing
islands in Peoria Lake should create slightly reduced flow areas, thus increasing the flow
velocity through the area. In Peoria Lake, the flow areas are so large that the velocities
under existing conditions are very small, resulting in high sedimentation rates. Increasing
the flow velocity could reduce the sedimentation rate in the areas where the islands are
built.

Provide more suitable water-based recreational sites in Peoria Lake. At the present
time only a small part of the lake is used for recreation. These areas are limited to Lower
Peoria Lake and lower part of Upper Peoria Lake. The availability of suitable recreational
areas will continuously diminish as the lake fills up with sediment. At the same time the
need for water-based recreation is expected to increase. Selective dredging and island
construction would provide some relief to the shrinking recreational areas in the lake by
increasing areas for water-based activities such as boating, sailing, and water skiing.

Provide a side channel away from the navigation channel for safe recreational boating.
One of the concepts developed in this project is the inclusion of winter fish habitat and
side channels along the island. The side channel, in addition to providing an improved
winter aquatic habitat to that provided by the shallow channel border areas, would
provide a safe recreational boating and sailing channel away from the navigation channel
and its large commercial navigation crafts.

The concept of constructing artificial islands in Peoria Lake has been developed as part of

a comprehensive lake management program. After exhaustive analysis of the different
alternatives available to rehabilitate Peoria Lake, selective dredging and creation of artificial
islands with the dredged material appear to be the most promising alternatives to deal with the
sediment already in the lake. Indiscriminate dredging of the whole or even just part of the lake is
not feasible for many reasons. The major reason is the cost of dredging and, most importantly,
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the cost of disposing of the sediment. Therefore, a sound alternative will include dredging
selected areas of the lake and using the dredge material to construct islands, which will improve
the aquatic and terrestrial habitat in the lake.

The selection of the dredge sites and the location of islands is an important consideration
in implementing a long-term lake rehabilitation and management program. The dredge sites and
the islands have to be located such that the new environment created can be integrated into the
river and lake environment and sustained for a long period of time. The best method for
achieving such an environment in Peoria Lake is to establish side channels by dredging and use
the dredged material to partially build the islands as will be illustrated subsequently. If properly
designed and constructed, this arrangement of islands and side channels should maintain and
sustain itself and blend in with the natural environment very well. In fact, the presence of a side
channel and an island or groups of islands is a common feature in the Illinois River valley in
areas where the river does not flow in constructed reaches. Therefore, the selection of island and
side channel locations in Peoria Lake should be based on establishing an environment that
functions and looks like a natural environment and that improves the overall quality of the lake
for fish and wildlife habitat and for recreation.

Study Purpose, Goals, and Rationale

After extensive discussions between the State of Illinois, USACOE, and local interested
citizens, agency representatives and others it was decided that:

Attempts will be made to build one or more artificial islands within the Peoria Lake,

e Before any such island is built, a thorough hydrodynamic analysis supported by the state-
of-the-art modeling work will be done,

e The modeling work will be conducted for the Lower Peoria Lake below the narrows
where higher potential exist to build one or two islands in the immediate future.

o The results from the hydrodynamic model will be used as a guide to determine the size,
shape, orientation and locations of potential island or islands,

e The modeling results will be used to identify the zones or areas of the island(s) where
protective blankets may be needed to withstand the erosive forces of the water or the
potential effects of high wave activities, and

o The final selection of the islands will be made by joint deliberation of the state, federal,
and interested parties,

e The modeling results will also be used as a guide to determine the viability of the deep
water channels that will be created to remove the sediments from the lake bed.

Mathematical models are great tools if used properly to postulate what could happen if an
action such as building of artificial islands within the Peoria Lake is completed. It provides an
opportunity to test various sizes and shapes of islands with a multitude of orientation, top
elevation and also at numerous locations. Mathematical modeling work can also be done within
a relatively shorter period of time initially to eliminate various options, which are not feasible



because of a variety of constraints and/or reasons. Some of these are: hydraulic instability,
impracticability due to excessive generations of high velocities, significant changes in the water
surface elevations during flood, potential of river bank erosion, significant modifications of the
flows away from the main navigation channel, and simple impracticability of building island or

islands at certain locations.

Initially, various island options were discussed, rough sketches drawn, debated based on
the expert knowledge of the river and then either rejected or accepted for modeling purposes. It
was also decided that the Surface Water Modeling System, RMA-2 will be used to test the
hydraulic viability of building island or islands within the Lower Peoria Lake.

SMS Model Description

The model used for this project is the Surface Water Modeling System (SMS) which is a
two-dimensional finite element model in plane coordinates. It was developed by the Engineering
Computer Graphics Laboratory at the Brigham Young University in close cooperation with U.S.
Army Waterways Experiment Station (WES) and the U.S. Federal Highway Administration
(FHWA).

For the Peoria Lake, the hydrographic data collected by the USACOE from the Rock
Island District in 1998-99 were used in the creation of the finite element grid. Where overbank
elevation data were not collected, those gaps were filled by utilizing the contour elevations from
the U.S. Geological Survey 1:24,000 Quad maps. The Manning roughness values were assigned
for six different zones along the cross section which included main channel, channel border,
shallow areas and areas near the one percent flood elevations. Other parameters were assigned
based on hydrodynamic properties of an alluvial river. The model was calibrated utilizing stage
data collected at the Peoria Lock and Dam, Boatyard and Chillicothe. Calibration and
verification was also done for three flow events, one high flow event in February 1997, two
medium flow events one each in February-March of 1997, and another one in May-June of 1996,
and two low flow events once each in August 1996, and November 1995.

The USACOE from the Rock Island District (Personal Communications) made available
to the Water Survey the 2-dimensional Acoustic Doppler Current Profiler (ADCP) velocity
measurements data at several locations within the Lower Peoria Lake. The measured velocity
data were provided in vector forms across the width of the river. The flow for which these
velocity data were collected varied from about 23,000 cfs to 25,000 cfs. Several sets of the
lateral velocity data collected from about the same location do not match with one another. One
cross section, designated here as Cross-Section 1 is located at approximately River Mile (RM)
163.7 provided a very good lateral velocity distribution, which was used to test the model results
to those measured in the field.

The model was ran for a flow of 25,000 cfs and lateral velocity distribution at RM 163.7
was plotted. The simulated lateral velocity distribution and the measured velocity distribution at



Cross-Section 1 is plotted in Figure 2. A visual comparison will show that the simulated and
measured velocities are quite close indicating an excellent fit.

Flows Modeled

The flow data available at various locations and analysed by the USACOE (1992) for RM
80 to 290 along the Qllinois River was used to determine the flows and stages along the Peoria
Lake. For example, a flow having a frequency of occurrence of one percent (1%) is also termed
as 100 year flood or flow. The flow frequencies and corresponding flows and stages at Peoria
Lock and Dam, and Chillicothe based on the USACOE (1992) are shown in Tables land 2.
These values were used to run the RMA-2 model for various flows.

Normally all open channel hydraulic geometries are analyzed and/or determined based on
a flow having a frequency of occurrence of about 2.33 years which is also termed as bankful
discharge or dominant discharge. However, when the Illinois River flows through the Peoria
Lake it is not flowing through an ordinary and normal river channel. The Peoria Lake is quite
unique, it is very broad and wide and has a tremendous amount of storage capacity. This
uniqueness of the Peoria Lake makes it extremely difficult to categorize it into a standard river
geometrical pattern. This is quite amply illustrated in Tables 1 and 2.

Table 1 shows the flows at various frequencies at Chillicothe, which is upstream of the
Peoria Lake. Table 2 shows similar values at Peoria Lock and Dam which is downstream of
Chillicothe. Consequently, drainage areas at Peoria Lock and Dam are slightly higher than those
at Chillicothe. However, the flows for various frequency of occurrences at Chillicothe is higher
than those at Peoria Lock and Dam. This amply illustrates the fact that the storage of the Peoria
Lake is quite significant and it plays a dominant role in the estimation of flows between the
upstream and downstream cross sections of the Peoria Lake.

Subsequent sections will illustrate the results obtained after the RMA 2 model was ran for
various flows and several island options. It should be pointed out here that the readers should
keep in mind that the Peoria Lake has a tremendous amount of storage and as such the measured
flows from the upstream to downstream sections may vary within the same day depending upon
whether or not the stages are increasing or falling at any particular time.

Two flows were selected by the USACOE, Rock Island District (Personal
Communications, 2001) to show what would happen to the velocity structure with and without
any islands. One of the flows is low flow and the other has a frequency occurrence of 2 years.
Results from these two flows, 15,000 cfs and 45,000 cfs, will now be illustrated. The 45,000 cfs
is the 2-year flow at Chillicothe (Table 1). This was used as a surrogate for the bankful
discharge, which normally has a frequency of occurrence of 2 years. The decision to use 2-year
flow as the design flow was made by the Interagency Committee based on the concept of
“bankful discharge.”

Selection of 15,000 cfs for flow modeling was done based on analyses by the Rock Island
District USACOE on suspended sediment loads at Chillicothe (Personal Communications, 2001).
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The Rock Island District USACOE found that the greatest amount of suspended sediment moved
during a flow in and around 15,000 cfs even though flood flows would move more sediments.
However, flows near 15,000 cfs occurred more often than larger flows.

Alternatives Modeled

Results from four (4) separate island shape, orientation and locations are given below.
These possible islands sites are either located upstream or downstream of the McClugge Bridge.
As mentioned previously, these sites are suitable for island construction because of the
hydraulics of the flows and the availability of deposited sediments. Several alternatives were
tested, altered, changed, modeled and discussed before the four final alternatives were selected.
The fundamental and basic considerations behind these alternatives are their suitability and
sustainability against 2-year flow events. Also, considerations were given whether or not
excessive scour or sediment are expected because of the flows around these islands.

All the islands were somewhat stream lined. Figures 3 and 4 show these four alternatives
within the Lower Peoria Lake. Alternatives 1 and 2 are located upstream of the McClugge
Bridge and Alternatives 3 and 4 are located below McClugge Bridge. Modeling results to be
included in the next section will show how these islands, if constructed, would alter the flow
patterns for a flow of 15,000 cfs and 45,000 cfs.

Table 1 and 2 showed that at both the Chillicothe and Peoria Lock and Dam, the stages
for a 2-year flow is 448.4 ft-msl and 447.2 ft-msl, respectively. In order to assure that the islands
would not be completely flooded for 2-year flow, the interagency committee recommended the
top elevations of all the islands to be kept at 450 ft-msl. With this height, the terrestrial plants
and animals will survive a 2-year flood. All subsequent model runs were completed assuming all
the islands have a top elevation of 450 ft-msl.

Modeling Results

The modeling results to be shown are for islands that are suggested for final
consideration. Engineering design or geotechnical analyses are neither included nor completed
for this specific component of the project. Because an extensive amount of plots and figures are
included with this letter report, all the figures are given at the end of the report.
Flows Modeled

The modeling work was completed for flows of 15,000 cfs, 25,000 cfs and 45,000 cfs.
As mentioned previously, detailed modeling work was done only for flows of 15,000 cfs and
45,000 cfs.
No Island

SMS was initially run for the entire Peoria Lake without any island at any location to
determine the undisturbed flow conditions. Results from this modeling work were used to
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determine the initial boundary conditions for that segment of the river from the constriction at
about RM 166.3 through RM 165.2. This spatial extent of the model covered the areal extent of
the four island options that have been selected for further analyses. The elevation variations for
the modeled area are shown in Figure 5.

Twenty-Five Thousand Cubic Feet per Second (25,000 cfs)

The spatial velocity distribution for a flow of 25,000 cfs is shown in Figure 6. Again the
maximum velocity is near the constriction between the upper and lower Peoria Lake, which
approaches a value of about 2.6 fps. Again, the majority of the flow is confined within the main
channel with some spreading as the water moves in the downstream direction. This velocity
structure generated based on this flow was used to calibrate the model results with the measured
velocity data provided by the USACOE, Rock Island District (Personal Communications 2001),
see Figure 2. The lateral measured velocity data that were used for calibration is at a cross
section shown in this figure.

Forty-Five Thousand Cubic Feet per Second (45,000 cfs)

The spatial velocity distribution without any island and also for a flow of 45,000 cfs are
shown in Figure 7. The maximum velocity near the constriction is about 3.50 fps. The flow does
spread out even though most of the flow is confined within the navigation channel.

Alternative 1

Figure 8 shows the Elevation Map or Topographic Map of the Lower Peoria Lake with
the proposed Alternative 1 island. The top elevation of the island is 450 ft-msl. The normal pool
elevation of the Peoria Lake is 440 ft-msl. The flow in this figure is from top to bottom. The
main channel is on the right side or west side of the river. Left and right sides are determined
based on an observer standing on the middle of the river and looking downstream. The lightly
shaded areas around the proposed island are the zones where dredging will be performed to
create deep-water habitats. The lines shown in light colors are the proposed deep water channel.
This illustration also shows the three lateral cross sections where lateral velocity distributions
will be analyzed subsequently. In this illustration, cross sections are identified from upstream to
downstream direction. This will be true for all subsequent illustrations. Flow is again from top to
bottom.

The SMS model was run for a flow of 45,000 cfs. The lateral depth integrated velocities
thus obtained are depicted in Figure 9. Some general observations from this figure are :

e As suspected, because of the semicircular shape of the island at the leading and tail ends,
flow velocities at these locations become close to zero.

e The velocity at this zone is either negligible or very low.

e At the upper top right hand edge (looking downstream), it is quite possible that additional
sediment will be deposited in the future making this end of the island elongated. A



portion of this elongated stretch will stay below normal pool level and apportion very
close to the proposed island may extend above normal pool level in the future.

e The middle portion of the tail end of the island may also experience similar fate in the
future because of the existence of extremely low velocities. It is suspected that ultimately
and also in the long run, the tail end of the island may be elongated assuming a shape
similar to an air foil.

The velocity structure has further been analyzed by constructing lateral velocity profiles
at three cross sections as shown in Figured 8 and 9, and these are shown in Figures 10, 11 and
12. The locations of these cross sections are given in Figures 8 and 9.

All the cross-sectional velocity distributions for all the alternatives have been plotted
looking downstream (i.e. for the Peoria Lake), the left hand side of the plots are on the east side
of the navigation channel. At all the cross sections, the depth integrated average velocities at the
verticals at the dredged channel next to the main channel and on the west side of the island, do
increase as a result of the construction of the island.

These changes in velocities are given in Table 3. All the points (such as 1, 2, etc.) shown
in Table 3 are also identified in Figures 10, 11 and 12. Points 1, 3 and 5 are associated with the
constructed island and points 2, 4 and 6 are associated with the ambient flow conditions.

A close examination of Table 3 and Figures 10, 11, and 12 will show that velocities do
increase next to the island for this flow of 45,000 cfs. This increase in velocities at the deep
channel next to the island is obviously desirable for the future maintenance of these newly
created deep-water channels. The maximum increase is for Cross-Section 2, on the main channel
side, i.e. right side (looking downstream) of the island where the velocities increased from about
0.44 fps to 0.52 fps.

Figures 13, 14, and 15 show the lateral vertical velocity distributions and the river cross-
sections at Cross-Sections 1, 2, and 3, respectively for Alternative 1.

It must be pointed out that the lateral velocities shown in all the figures are the depth
integrated average velocities at each vertical in the lateral direction.

Alternative 2

For Alternative 2, again an island above the McClugge Bridge is proposed. The plan form
of this proposed island including the sediment removal area and the deep-water channels are
shown in Figure 16. Figure 17 shows the depth integrated spatial vertical velocity distribution
around this island. Again, the top of the island is at 450 ft-msl and the normal pool elevation of
the lake is 440 ft-msl. The flow is from top to bottom.

An examination of this figure will show that:

e There is a very low velocity zone at the tip of the island on the right hand side
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(looking down-stream). This indicates that there is a good probability that sediment
may accumulate at this zone elongating the island somewhat in the upstream
direction.

e The velocities on the inside of the island (left hand side) are either negligible or close
to zero. :

e The velocities near the upstream edge on the navigation channel side (right side of the
island) may be somewhat high indicating that some protective measures may be
needed.

e The velocities near the lower right hand side of the island are quite low. This may
enhance the sediment deposition at this location extending the island in the
downstream side. This indicates that the deep water channel at this location (lower
right side of the island) may silt up at a higher rate than at other locations.

e The final shape of the island with time, especially the lower right side may be
different than the constructed one.

e The changes in velocities are given in the next several illustrations.

Figures 16 and 17 also show the locations of three cross sections where the lateral
velocity distributions with and without the island have been determined. Figures 18, 19 and 20
show the velocity distributions at these three cross sections. A close examination of Figures 18,
19 and 20 will show that the velocities do not change significantly on both sides of the island
after the construction of the island. The velocities with and without the island are given in
Table 4.

An examination of Figures 18, 19, 20 and Table 4 will show:

e Velocities do not change significantly next to the island except at Cross-Section 3
where an increase in velocities on the east side of the island is observed.

e This increase in velocities would enhance the relative maintenance of the deep water
area.

e Velocities within navigation channel at Cross-Section 3 increase as a result of the
construction of the island.

Figures 21, 22 and 23 show the lateral velocity distributions and the river profiles at the
three cross sections shown in Figures 16 and 17 for Alternative 2.

During recent discussion with the USACOE, Rock Island District, it was felt that it would
be appropriate to determine the changes in velocities if any in the downstream region once an
island alternative such as Alternative 2 is in place. In order to determine such changes, lateral
velocity distributions at Cross-Sections 4 and 5, Figure 24 was plotted with and without the
island in place. Cross-Sections 4 and 5 are located below McClugge Bridge. These two plots of
the lateral velocity distributions are given in Figure 25 and 26. An examination of these figures
will show that very little or no changes do occur in velocities downstream of the McClugge
Bridge if an island as shown in Alternative 2 is built above the McClugge Bridge.
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Alternative 3

Figure 27 shows Alternative 3 with a pair of islands below the McClugge Bridge. This
illustration also shows the sediment removal areas where deep-water habitats are to be created.
These areas are shown with a geometric patterns with light shades. This illustration also shows
the variations in elevations at various locations.

Figure 28 shows the spatial distribution of the depth-integrated velocities for a flow of
45,000 cfs. Areas shaded dark red are the areas where the velocities are computed to be very low.
An examination of this illustration will show:

e Velocities are very low at the tips and tail ends of both the islands.
These low velocities may enhance the sediment deposition at these locations.
However, the extension of the island due to sediment deposition next to the
navigation channel will be smaller compared to the larger island.

o The tail end of the larger island may extend in the downstream direction within the
areas shown in dark red.

o The velocities along the right side (next to the navigation channel) of the smaller
island will be relatively higher.

e The velocities between both the islands are expected to be higher than the ambient
flow condition.

e There is an area on the left side of the larger island near the upstream zones where
velocities are also going to be relatively high.

e Higher velocities on both sides of both the islands indicate that the newly created
deep water channel may be relatively stable.

e Subsequent illustrations will show that the maximum velocities within the main
channel do increase after the construction of the islands.

Figures 27 and 28 showed the locations of the three cross sections where the lateral
velocity distributions have been determined with and without any islands. The three plots for
three cross sections are given in Figures 29, 30 and 31. Examination of these three illustrations
will substantiate the observations made previously. The velocities at different locations with and
without islands are given in Table 5. In all locations, the velocities within the navigation channel
increase with the islands in place compared to the pre-island conditions.

The lateral velocity distributions and the lateral river cross-sections at those three cross
sections shown in Figures 27 and 28 are given in Figures 32, 33 and 34.

Alternative 4

The last alternative tested is Alternative 4, which is shown in Figure 35. For this option a
single island is proposed below the McClugge’s Bridge. The elevations, the island, proposed
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deep-water habitat areas, and the three cross section locations are also shown also shown in this
figure.

Figure 36 shows the spatial velocity distributions for a flow of 45,000 cfs with the island
in place. An examination of this illustration will show that:

e There are low velocity zones at the tip and tail end of the island. Thus these areas are
expected to have some sediment deposition in the future. The areas of expected
sediment deposition at the tail end would be larger than at the tip of the island.

e The velocities are expected to be higher on both sides of the island and also for most
of its length compared to ambient flow conditions and also at the same location.

e The inside shore (next to the navigation channel) is also expected to be subjected to
higher velocities compared to the ambient flow conditions. This is especially true
near the upstream inside shore of the island.

Lateral velocity distributions were computed at three different cross sections. These
cross-sectional plots with and without islands are given in Figures 37, 38 and 39. Table 6 shows
the velocities at selected six locations with and without the islands. An examination of these
three illustrations and Table 6 will again substantiate the observations made previously. In
almost all cases, the velocities next to the island increase somewhat compared to the ambient
flow conditions. The velocity in the navigation channel also shows either no change or some
increase in magnitudes.

The last three illustrations for Alternative 4, Figures 40, 41 and 42 show the lateral
velocity profiles and the river cross sections at those three cross sections

Low Flows

Model was also run for a flow of 15,000 cfs. The following discussions are based on the
results obtained for a flow of 15,000 cfs.

Base Condition: No Island

The RMA-2 model was ran for 15,000 cfs without any island in place. Figure 43 shows
the depth integrated lateral velocity distribution for this flow. The velocity ranges from
negligible to about 1.9 fps or a little higher. The higher velocities are located within the main
channel and close to the constriction between the upper and lower Peoria Lake.

Alternative 1
For this alternative, the spatial velocity distribution for a flow of 15,000 cfs is given in
Figure 44. An examination of this figure will show that there is a small zone of very low

velocity at the upper river side edge and also at the downstream edge of the island. These areas
again could experience sediment deposition in the long term. The river side areas of the island
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do have slightly elevated velocities compared to the ambient conditions. This is amply illustrated
in the next three illustrations.

Figures 45, 46 and 47 show the lateral velocity distributions at the three cross sections
shown in Figure 44 starting at the upstream area. At all three cross sections, velocities on the
river side of the island increase compared to the ambient conditions. The maximum velocities
within the main channel remains essentially unchanged on at least two cross sections and at the
upstrear section, it drops slightly.

Alternative 2

The spatial velocity distribution for Option 2 for a flow of 15,000 cfs is shown in Figure
48. Again the velocity ranged from negligible to about 1.9 fps. There are some areas close to the
river especially on the upper tip and lower one-third to one-half of the island, where velocities
are extremely low. Again, these are the areas where sediment deposition is expected to occur in
the future.

The lateral velocity distribution at all three cross sections is given in Figures 49, 50 and 1.

Alternative 3

The spatial velocity distribution for Alternative 3 and also for a flow of 15,000 cfs is
shown in Figure 52. An examination of this figure will show that except for a zone near the
upstream end of the wider island, and the downstream tip of the narrow island, the velocities do
not change significantly next to the islands. In general, velocities are extremely low on the east
side (left hand side looking downstream) of the larger island, which is expected for this area.

Figures 53, 54 and 55 show the lateral velocity distribution for Cross-Sections 1, 2 and 3
respectively, for Alternative 3 and a flow of 15,000 cfs. An examination of all these figures will
show that the velocities between the two islands do increase compared to the ambient velocities.
This was found to be true for a flow of 45,000 cfs. This indicates that the rate of sediment
deposition in between these two islands may be lower compared to the ambient conditions.

Alternative 4

Modeling results for Alternative 4 and also for 15,000 cfs are shown in Figure 56. The
spatial velocity distribution is given here. In general and also for this flow, the velocities do not
approach zero on the west side of the island indicating that at this low flow period, the velocities
may be high enough to keep this area relatively clean from the deposition of fine sediments. The
maximum velocity is within the mail channel also in the upper most area of the main channel.

The lateral distributions of the velocities at Cross-Sections 1,2, and 3 are shown in Figure
57, 58 and 59, respectively. At all three cross sections, there is a very small decrease in the
maximum velocities within the main channel. However, these minor changes should not impact
in the scour and deposition of the sediments.
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At Section 1, Figure 57, it is quite clear that the velocities on the east side of the island, or
left hand side looking downstream do increase substantially from about 0.22 fps to about 0.57
fps. This is a substantial increase, which probably was caused by the constricted flow area
between the island and the east shore of the lake (Figure 56). As the flow areas between the
island and the east shore increase in the downstream direction, the velocities between the island
and the east shore decrease, Figure 56.

Remarks

The velocity distributions shown above for flows of 45,000 cfs and 15,000 cfs can be
used to estimate the stability of these islands against potential scour at those two flows.
Evaluation of all the alternatives with associated velocity distributions indicates that all of these
alternatives are feasible for construction. Interagency Committee members agreed with the
environmental scientists that a combination of Alternatives 2 and 3 will provide the maximum
benefits as far as the habitats are concerned.

Sediment Modeling

Initially it was felt that some sediment modeling work may be needed to determine the
future potential sediment deposition at or near the islands. The model that was tried is called
SED2D. SED2D is coupled with the SMS. A brief description of this model is as follows.

SMS includes a general computer program (SED2D) for two-dimensional, vertically
averaged sediment transport in open channel flows. The initial code development was
accomplished by Ariathurai (1974), then the two-dimensional model in the horizontal plane was
extended to included the vertical plane by Ariathurai, MacArthur, and Krone (1977).

SED2D can be applied to clay or sand bed where flow velocities can be considered two-
dimensional in the horizontal plane. It is useful for both deposition and erosion studies. SED2D
treats two categories of sediment: (1) noncohesive referred to as sand, and (2) cohesive referred
to as clay.

Both clay and sand may be analyzed, but he model considers a single, effective grain size
during each run. Therefore, a separate run is required for each effective grain size. Fall velocity
must be prescribed along with the water surface elevation, x-velocity, y-velocity, diffusion
coefficients, bed density, critical shear stress for erosion, erosion rate constants, and critical shear
stress for deposition. -

SED2D does not compute water surface elevations or velocities; these data must be
provided from RMA2. An implicit assumption of the SED2D is that the changes in the bed
elevation due to erosion and /or deposition do not significantly affect the flow field. When the
bed change calculated by SED2D does become significant, the flow field calculated by RMA2 is
no longer valid. Thus, the SED2D run should be stopped, a new flow field calculation should be
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made using the new channel bathymetry generated by SED2D, and the SED2D run should be
restarted with the new flow field as input. This is a major limitation of SED2D, especially for the
Peoria Lake where long term variation in bed is expected due to sediment deposition. These bed
changes will alter the flow-field thus making the SED2D results essentially invalid.

SED2D can only be run after having initially run RMA2. As mentioned above, this is
because SED2D uses the flow solutions computed by RMA?2 to compute suspended sediment
concentration in kilograms per cubic meters at the nodes, and the total bed change in meter form
the start of the run. After SMS successfully reads in the boundary condition file, the SED2D
menu will be enabled. To prepare for a SED2D run, the first is to define the bed type of the
mesh. Either a sand or clay bed can be specified, but not both at the same time.

Attempts were made to run the SED2D for a flow having a probability of occurrence of
1%. This flow of 105,000 cfs with an initial input of sediment concentration equal to 0.5 kg/m®
was used in the model run. All computations in SED2D are performed with metric units.

Results of these runs showed how a certain sediment concentration when introduced at
the upstream end will distribute and dissipate over the lake after a certain time period. This type
of analyses does not portray the changes in the bed elevation over a period of 10, 15, or 20 years
when the inflow sediment transport of any river consists of suspended load and bed load.
Moreover, the particle size distribution of these particles could and would vary from sand to silt
or clay. Illinois River at Peoria Lake is not an exception to this normal sediment transport
characteristic of an alluvial river.

Long-term goal of any sediment transport modeling within the Peoria Lake would be to
estimate the spatial distribution of the sediment deposition patterns with and without the
presence of the proposed island. These types of modeling exercise will require a constant input
of suspended sediment loads whose concentration and particle size distributions would vary with
time and also spatially. The model also had to run for a period of 10, 15, or 20 years. The
SED2D model as it is formulated presently does not have that capability.

The simplest method to estimate the sediment deposition would be to review the old
hydrographic data including the recent data collected by the Rock Island District of the
USACOE. Once this analysis is done, then the rate of past sediment deposition can be
extrapolated to make an estimate of the future sedimentation rate. This type of specific analysis
is being done now by the Rock Island District of the USACOE.

Another model that could be used is the HEC-6 model of the USACOE. The HEC-6
model is a one dimensional steady flow model, which will give an estimate of the sediment
deposition and scour over a time period. This type of modeling work would not provide any kind
of quantification of the lateral variabilities in the sediment deposition patterns.
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