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EXECUTIVE SUMMARY
The Belvidere Dam Fish Passage Committee is a group of local stakeholders working toward
implementing fish passage at Belvidere Dam. With the support of a C2000 grant, the
committee commissioned this study to develop enough information regarding design and
performance of three defined fish passage alternatives, as well as the alternative to “do
nothing”, to support discussion and decisions regarding which alternative should be
pursued. This report presents the alternatives, evaluates the effects of each on water
surface elevations, infrastructure, and environmental conditions, develops planning-level
estimates of construction cost, and evaluates fish passage potential of each.
The four alternatives evaluated were:
1.

No Action – leave the dam as it is. This alternative would have an estimated
construction cost of $0 but ongoing maintenance estimated as $500,000 every 30
years plus debris removal. The No Action Alternative has the following characteristics:
•

An existing barrier to upstream passage of fishes would persist

•

The existing impoundment, park mill race and other features would continue
unchanged

•

The dam would continue to represent a source of liability and require ongoing
maintenance obligations from the IDNR or another public entity.

2. Partial Dam Removal – replace the timber and rock crib portion of the dam with three
rock grade control structures that would each allow fish passage. Removal of the dam
structure and construction of the grade controls would be relatively complicated, and
the construction cost for this alternative was estimated to be $2.5 million. Ongoing
maintenance costs are likely to be lowest of all the alternatives. Complete dam
removal was evaluated, but this would have endangered the integrity of three sanitary
sewer crossings upstream. Rock grade control structures to be constructed
immediately downstream of each crossing were deemed the most cost-effective
measures to protect those crossings. The Partial Dam Removal Alternative has the
following characteristics:

1

•

A full range of fish would be able to pass upstream and downstream of the dam
during nearly all flow conditions.

•

Upstream water levels would be reduced during essentially all flow conditions.
Flood levels through downtown Belvidere would be reduced by approximately
nine inches for the 100-year event. During normal flows, water levels between
the dam and Doty Park would be lowered by more than six feet, and for about a
half mile upstream of Doty Park the level would be lowered by two feet. Water
level conditions downstream of the dam site would not be affected.

•

Lowered water levels would limit motorized boating uses within the City of
Belvidere.

•

Habitat in the impoundment would improve for native species but accumulated
sediment in the impoundment may require additional stabilization.
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•

The existing abutments would remain in place

3. Rock Ramp – placing a pile of large rock across the front of the dam to create a wedge
passable by all desired fish species. This alternative would have an estimated
construction cost of $1.8 million but expected annual maintenance costs lower than the
No Action Alternative because of the reduced level of expenditures on the dam itself.
The Rock Ramp Alternative has the following characteristics:
•

A full range of fish would be able to pass upstream and downstream of the dam
during nearly all flow conditions.

•

The existing impoundment, park mill race and other features would continue
essentially unchanged. A 20-foot wide portion of the concrete cap will be
removed to allow fish passage and concentrate low-flows.

•

Any changes to upstream water level conditions would be very small and
downstream conditions would be unchanged

•

The ramp will require maintenance to clear debris, and it will provide an
“attractive nuisance” to non-motorized boaters and others. It unlikely that it
would be possible to design a ramp that would be completely safe for boaters
or others to traverse, so this could be a source of liability.

4. Fishway Bypass – constructing a channel around the side of the dam with “nature-like”
rock features that help fish swim up to the impoundment. This alternative would have
an estimated construction cost of $800,000 and estimated maintenance of $500,000
every 30 years (for the dam) plus regular removal of debris from the fishway as well as
the dam. The Fishway Bypass Alternative has the following characteristics:
•

A full range of fish would be able to pass upstream and downstream of the dam
during nearly all flow conditions. However, only a portion of the river will flow
through the bypass so some fish may not be able to locate the passage

•

The existing dam, impoundment, park mill race and other features would
continue unchanged

•

Water level conditions upstream and downstream would not be affected

•

The dam would continue to represent a source of liability and require ongoing
maintenance obligations from the IDNR or another public entity.

These alternatives were compared using factors deemed by the committee as most relevant
to this project. These factors consisted of fish passage, environmental impacts,
infrastructure and flooding impacts, social/cultural, economics, recreation and public safety.
Based on these comparisons, the Rock Ramp Alternative was found to meet the project
objectives somewhat better than the Partial Dam Removal Alternative, and significantly
more than the Fishway Bypass and No Action Alternatives. The recommendation of this
study is that the Rock Ramp Alternative is the most appropriate means to provide fish
passage at this site, and it suggests that there are a number of factors that should be
investigated in the design process that could either reduce the costs associated with the
ramp or improve the benefits the community derives from the ramp.

2
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PURPOSE
This study follows from the findings of the Kishwaukee River Watershed Strategic Plan for
Habitat Conservation and Restoration (KREP 2006), which recommended the study of
removal or modification of this dam to provide fish passage. To implement this
recommendation, a group of local stakeholders including the Belvidere Park District, the
Illinois Department of Natural Resources (IDNR), the Kishwaukee River Ecosystem
Partnership, the City of Belvidere, Boone County Soil and Water Conservation District, Boone
County Conservation District, U.S. Fish and Wildlife Service (USFWS), U.S. Geological Survey
(USGS) and local individuals formed the Belvidere Dam Fish Passage Committee (referred to
elsewhere in this report as the Committee). In addition to directing this study, this committee
was established to work toward implementing fish passage at the dam.
The study presented in this report was funded by a portion of a $107,500 grant provided by
the IDNR Conservation 2000 Ecosystems Program. The purpose of this study is to develop
enough information regarding design and performance of three defined fish passage
alternatives, as well as the alternative to “do nothing”, to support discussion and decisions
regarding which alternative should be pursued. This report presents the alternatives,
evaluates the effects of each on water surface elevations, infrastructure, and environmental
conditions, develops planning-level estimates of construction cost, and evaluates fish passage
potential of each. The alternatives are compared using a decision matrix which uses a semiquantitative approach to determine the alternative that best meets the project objectives as
set out by consensus weighting of priorities.
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DESCRIPTION OF DAM AND STUDY BACKGROUND
The Belvidere Dam is located on the North Branch of the Kishwaukee River in Belvidere Park
within the City of Belvidere, IL. (Figure 1). It has an upstream contributing area of 535 square
miles. The dam consists of a 350-foot wide, 9-foot high rock-filled timber crib structure
encased in concrete and with a concrete cap. The original structure was constructed in 1865
to provide a water source to power a local mill. In 1920 the structure was purchased by the
Belvidere Park District and encased in concrete. The Office of Water Resources (State of
Illinois) agreed to accept ownership and responsibility for the dam in 1953. In addition to
ongoing maintenance activities, major rehabilitation was undertaken to strengthen the dam
with steel pilings and a concrete cap (1956) and large rock placed along the face (1990). The
dam creates a 50 acre slack-water impoundment that extends for 2.5 miles upstream, and the
elevated water level behind the dam allows water to flow into the Belvidere Park mill race
without pumping.
The Belvidere Dam is the only major obstruction to fish passage along the North Branch of the
Kishwaukee River. In general, removing artificial barriers to connectivity within a river system
has a number of benefits to the natural communities such as:
•

Allowing individual animals to avoid or recolonize areas after drought,
severe winters and catastrophes,

•

Increasing the availability of different habitat areas for different seasons or
life stages, and

•

Improving spawning and reproductive success of fish, insects, mussels and
other species.

The U.S. Fish and Wildlife Service (USFWS) Fish Passage Decision Support System calculates
that providing fish passage at the Belvidere Dam would reconnect 620 miles of upstream
streams with nearly 400 miles of downstream streams within the watershed (USFWS 2008).
The mill race at Belvidere Dam does not provide fish passage in part because the inlet
structure at its upstream end acts as a complete blockage to movement. Even if the inlet
structure were redesigned the mill race would not provide effective passage because its flow
is small relative to the river and it enters the river too far downstream of the dam; fish would
tend to remain in the main flow of the river and would only rarely enter the mill race because
of their attraction to the flow velocity and their attraction to the sound of falling water at the
dam.

4
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Figure 1. Location of Belvidere Dam
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Prior to initiating this fish passage alternative analysis, several agency efforts were
undertaken to collect supporting data:
•

The IDNR Office of Water Resources conducted surveys of the dam and the
river upstream and downstream,

•

The IDNR Division of Fisheries conducted fish sampling upstream and
downstream of the dam as part of the long term monitoring program within
the basin, conducted biannual sport fisheries monitoring and additional
monitoring in response to specific events,

•

The USFWS conducted sediment sampling and the U.S. Environmental
Protection Agency analyzed these samples, and

•

The USGS developed sediment transport and hydraulic models of the dam
and the river.

The information developed in these initial studies was incorporated into this report where
applicable. NOTE: All elevations are presented in this report are relative to the National
Geodetic Vertical Datum of 1929.

6
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SITE VISITS
HNTB staff conducted an initial site visit on November 5, 2007. The purpose of this visit was
to document the conditions in the vicinity of the dam, and to determine the general layouts
for the fish passage alternatives. Figure 2 is a photograph of the dam taken on that visit and
Figure 3 shows the millrace and its inlet structure.
HNTB staff revisited the site on January 4, 2008, to clarify issues related to potential bypass
routes and to identify potential infrastructure issues at the dam and upstream. Craig Lawler
from the City of Belvidere provided assistance in locating and identifying the locations of
sanitary sewers and stormwater outfalls that could be affected by these alternatives as
described in the Infrastructure Impacts section of this report.

Figure 2. Belvidere Dam from the south (left) bank facing north

Figure 3. Upstream end of Belvidere Park millrace (left) and inlet structure (right) on right
abutment
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ALTERNATIVE DESCRIPTIONS
This report analyzes three potential means to provide fish passage at Belvidere Dam, as
developed by the Committee through discussions with the public and other concerned parties.
These three alternatives (complete removal of the dam, constructing a rock ramp across the
full width of the dam, and constructing a nature-like bypass fishway around one side of the
dam) were compared to taking no action at the dam. The following paragraphs describe each
alternative considered.

NO ACTION
The State of Illinois planning process requires consideration of the “No Action” Alternative,
meaning the conditions that would occur if no action were to be taken. This alternative
assesses the state of the resource under existing conditions and into the reasonably
foreseeable future. Under the No Action Alternative, the existing dam would remain as it is.
Exhibit 1 (Appendix 1) graphically depicts the dam including an overhead view and a crosssection through the dam.

DAM REMOVAL (FULL OR PARTIAL)
State policy is to consider the potential effects of full removal of any dam undergoing major
modifications, and since that option would have significant fish passage benefits full
removal was initially investigated for this project. Removal would be accomplished by
demolishing the existing concrete cap, removing the timber piles and then removing the
rock within and immediately downstream of the dam. There would be no need to remove
the existing abutments with their concrete railings, so these would remain in place and
serve as vantage points to observe the river. Dam removal would lead to a free-flowing
condition that in itself would provide no impediment to fish passage, unless a currently
submerged barrier (such as a rock ledge or falls) is exposed.
However, as explained in later sections, full removal would endanger four sewer lines
crossing the river upstream of the dam and would create conditions that would mobilize a
large volume of sediment that has deposited in the upstream impoundment over time. For
this reason, it was determined that acceptable dam removal alternatives would have to
incorporate additional measures to protect upstream infrastructure and stabilize sediments.
To provide this protection and stabilization, dam removal in this study is assumed to be
accompanied by the construction of three rock grade control structures, one at the dam and
two at upstream locations (Exhibit 2 and Exhibit 5A, Appendix 1), that would limit the
potential erosion of the channel bottom and sides after the dam is removed. These would
be designed with slopes on the downstream faces that are gradual enough (20:1) to allow
fish passage. Because the grade control structures would continue to maintain elevated
water levels to varying degrees along the river, this alternative is designated the “Partial
Dam Removal Alternative”.
The current water supply system for the mill race requires water levels at the dam to be
above about elevation 748.5 ft NGVD. Removal of the dam would lower the water level well
below this elevation. With such lowering flows would no longer enter the mill race at the
upstream end and much of the mill race would go dry. In order to provide flows for the mill
race without pumping (25 cfs during average flow conditions) for this alternative, a separate
inlet would be constructed upstream and a 2,200 foot long, 3-foot diameter plastic pipe
would be installed to convey water to the park. In addition, a 150 foot long section of the
north bank (or right bank, as looking downstream) immediately downstream of the dam
would be stabilized using techniques incorporating desirable vegetation.
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Two alternate design elements were considered but not included in this alternative. First, an
alternative to constructing the grade control structures would be to reconstruct the sewer
lines at a lower level to eliminate the risk of scour. This is expected to be a considerably
more costly option than constructing grade control structures. Also, the mill race inlet
could be replaced by a pump, which may have lower up-front costs than the upstream inlet,
but pumping would have ongoing power costs and would have considerably higher
maintenance requirements.

ROCK RAMP
The Rock Ramp Alternative would consist of a pile of large diameter rock placed at the front
of the dam to create a 20:1 slope downstream that would extend approximately 200 ft
downstream. The rock would have to be large enough to remain in place under flows up to
the 100-year event (approximately 30-inch diameter on average) and backfilled with gravel
to keep most of the flow in the channel above the rocks. The 30-inch diameter rock would
be large enough to resist movement during severe flow conditions that would move rock of
smaller size, and it would also protect the gravel backfill from scour during those flows.
Depending on the cost of large diameter rock, it may be more economical to use concrete
grout to stabilize a portion of the ramp so that smaller rock sizes may be used. Large
boulders would be included to provide resting places for traversing fish.
At the top of the ramp, a portion of the dam’s concrete cap would be removed to create a
notch. This notch is required to allow fish to pass the hydraulic barrier presented by the
rapid flow over the cap; without further investigation it cannot be determined whether it
would be possible to stabilize the dam sufficiently to allow complete removal of the cap. If
feasible, cap removal would allow passage over the entire length of the dam during some
flow conditions. Construction of a notch in the cap would require grouting a portion of the
dam for stability. Flow velocities through the notch would be reduced by embedding
boulders at the notch and setting the top of the ramp high enough to partially obstruct flow
through the notch. This design should not result in noticeable effects on upstream water
levels. Also, a number of wood piles would be driven upstream to deflect ice, trees or other
debris that may move toward the notch.
Rock would also be placed along the banks to reduce the risk of unacceptable erosion, and
the north bank restoration described in the Partial Dam Removal Alternative would also be
constructed. Several views of this concept are shown in Exhibit 3 (Appendix 1).

BYPASS FISHWAY
The Bypass Fishway Alternative would involve construction of a separate channel around
the south (or left, as looking downstream) abutment of the dam to allow fish to pass from
the downstream face of the dam to the impoundment upstream in gradual steps. This
fishway would consist of seven one-foot high rock ramps alternating with resting pools
within a 200-foot long, 20-foot wide channel excavated in the overbank near the south
abutment of the dam. It would pass approximately 38 cfs (or 10 percent of the river flow,
the minimum percentage required for effective fish attraction) during average flow
conditions. This channel may be traversable by skilled canoeists, but it is considerably
smaller than a channel designed for canoe passage – there would be inadequate room for
canoes to maneuver if they were to become cross-wise to the flow. Due to space
constraints a wider channel would not be possible on this side of the river and constructing
a channel on the opposite side of the river would have higher costs associated with crossing
under the park drive at two locations.

9

9/4/2008

Belvidere Dam Fish Passage Alternatives Analysis – Draft Final Report

The bypass layout would be constrained to avoid existing sewer and stormwater pipes.
Because of the limited space available, sheet piling would have to be used to establish the
edge of the channel for 150 feet on one side and 90 feet on the other, and a footbridge
would be constructed to maintain access to the abutment overlook. The north bank
restoration described in the Partial Dam Removal Alternative would also be constructed.
Exhibit 4, Appendix 1, displays the features of this alternative. When river flows are
extremely low potential adverse environmental effects at the dam could be reduced by
restricting the flow entering the fishway by adjusting the control structure at its upstream
end.

10
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EFFECTS ON WATER SURFACE PROFILES
Although downstream effects are likely to be small, construction of these alternatives could
cause somewhat larger changes in upstream water levels. The Bypass Fishway Alternative as
designed would have negligible effects on water levels upstream, and the No Action
Alternative would have no effect on upstream water levels. However, the Partial Dam
Removal Alternative would cause significant water level decreases under many conditions and
the Rock Ramp Alternative would have the potential to increase upstream water levels
somewhat, although the increases for the Rock Ramp Alternative would likely be eliminated
by refinements during further design.
The effects of these alternatives were estimated using HEC-RAS hydraulic models of the river
developed by the USGS. The models extend from about 400 feet west of the Appleton Road
bridge to 100 feet east of the U.S. 20 bridge, and represent the Belvidere Dam, the various
bridges and more than 40 cross-sections surveyed by the IDNR. The USGS adjusted these
models to reasonably represent the flow conditions for average flow conditions, average
annual flood conditions and 100-year flood conditions. NOTE: Although these models are
reasonably consistent with the information presented in the Flood Insurance Study (FIS)
(FEMA 1981), they were not developed to establish new regulatory flood elevations and should
not be taken to supersede the flood information published in the FIS. The models were also
adjusted to represent a number of fish passage alternatives at the Belvidere Dam, including
complete removal. The dam removal model was also used to estimate sediment changes after
dam removal.
The effects of the No Action and Rock Ramp Alternatives were estimated using the USGS
models developed for those conditions, and the Bypass Fishway Alternative effects were
taken to be the same as the No Action Alternative. The Partial Dam Removal Alternative
hydraulic conditions were represented using by USGS model of complete dam removal
including sediment scouring but with the addition of three conceptual rock grade control
structures. Model results are summarized in Tables 1 and 2, and water level profiles are shown
in Figures 4 and 5.
This modeling indicates that the Partial Dam Removal Alternative would cause significant
water level decreases that would extend up to one mile upstream during normal flows (Table 1;
Figure 4; Exhibit 5A and 5B, Appendix 1). These effects would have extended farther
upstream but much of the potential reduction is eliminated by the presence of the upstream
grade control structure. Flood water levels would also decrease upstream, with water level
lowering of approximately 9 inches through downtown Belvidere for the 100-year event. The
Partial Dam Removal Alternative model also predicts slight increases in downstream water
levels due to channel filling with sediment released from the impoundment; since the
sediment transport represented by this model would be much higher than would be expected
with the construction of grade control structures (or would likely be allowed by state resource
agencies), the actual water level changes downstream for the Partial Dam Removal
Alternative are expected to be minimal.
In comparison, the modeled effects of the rock ramp are relatively modest, with differences
from No Action Alternative levels of 0.0 to 0.2 feet. Water level changes of this magnitude
can likely be eliminated by relatively small design changes. The Fishway Bypass Alternative
would be expected to have no measurable effect on water levels along the river.

11
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Table 1. Modeled water surface elevations along the Kishwaukee River for common flow conditions. (Low Flow = 75 cfs = 90
percent daily probability flow, Average Daily Flow = 376 cfs)
Low Flow

Average Daily Flow

Channel
Bottom
El. (ft)

Model
Crosssection

No
Action

Partial
Dam
Removal

Rock
Ramp

Bypass
Fishway

No
Action

Partial
Dam
Removal

Rock
Ramp

Bypass
Fishway

Pleasant Street Bridge

746.9

9056

751.3

751.1

751.3

751.3

751.8

751.8

751.8

751.8

150 feet downstream of
railroad bridge

746.4

5763

751.2

751.0

751.2

751.2

751.6

751.6

751.5

751.6

Between State and Main
Bridges

745.9

3783

751.2

749.1

751.2

751.2

751.5

749.7

751.5

751.5

Doty Park Bicycle Bridge

744.7

2305

751.2

749.1

751.2

751.2

751.5

749.7

751.5

751.5

225 feet upstream of Belvidere
Dam

743.6

225

751.2

744.7

751.2

751.2

751.5

745.4

751.5

751.5

Swinging Pedestrian Bridge

739.1

-1213

741.8

741.9

741.8

741.8

743.4

743.6

743.4

743.4

Appleton Road Bridge

740.3

-2598

741.4

741.5

741.4

741.4

742.3

742.3

742.3

742.3

Location
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Table 2. Modeled water surface elevations (ft, NGVD) along the Kishwaukee River for flood flow conditions. (Average
Annual Flood = 3,890 cfs, 100-year Flood = 15,900 cfs)
Average Annual Flood

100-year Flood

Channel
Bottom
El. (ft)

Model
Crosssection

No
Action

Partial
Dam
Removal

Rock
Ramp

Bypass
Fishway

No
Action

Partial
Dam
Removal

Rock
Ramp

Bypass
Fishway

Pleasant Street Bridge

746.9

9056

756.2

755.5

756.2

756.2

763.0

762.3

763.0

763.0

150 feet downstream of
railroad bridge

746.4

5763

755.1

754.4

755.0

755.1

761.8

761.1

761.9*

761.8

Between State and Main
Bridges

745.9

3783

754.5

752.8

754.4

754.5

760.8

759.8

760.8

760.8

Doty Park Bicycle Bridge

744.7

2305

754.0

752.2

753.9

754.0

759.5

758.7

759.5

759.5

225 feet upstream of Belvidere
Dam

743.6

225

753.4

749.9

753.2

753.4

757.1

757.0

757.2*

757.1

Swinging Pedestrian Bridge

739.1

-1213

748.9

749.1

748.9

748.9

756.3

756.4

756.3

756.3

Appleton Road Bridge

740.3

-2598

746.4

754.4

746.4

746.4

754.4

754.4

754.4

754.4

Location

* - Minor increases in water level elevation that would be expected to be eliminated by minor changes in the final design. If
increases were to occur, ownership or permanent easements would be required for any land that would experience increased
changes.
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755

Water Surface Elevation (ft NGVD)
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740

735

730

State
Street
Appleton
Road

-3000

Belvidere
Dam
0

Bike Path
Bridge

Main
Street

3000

Railroad
Bridge
6000

Pleasant
Street
9000

Location in Feet Upstream of Dam

Rock Ramp-Annual Mean
Rock Ramp-Low Flow
Existing River Bottom

Partial Dam Removal-Annual Mean
Partial Dam Removal-Low Flow

No Action-Annual Mean
No Action-Low Flow

Figure 4. Kishwaukee River Low Flow Water Surface Profiles by Alternative
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Figure 5. Kishwaukee River High Flow Water Surface Profiles by Alternative
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ESTIMATES OF PROBABLE COST
Feasibility-level construction cost estimates were developed for the three construction
alternatives. These estimates include probable contractor costs such as materials, labor and
mobilization, but does not include items such as design studies, engineering and oversight
during construction. Contingencies are included that represent both small items not included
in the estimate and foreseeable increases associated with added details as the design process
progresses, but do not include changes or additions to the alternative. These costs should be
considered to be “ballpark” figures (construction cost expected to be within +50% to -30%)
that can be used to compare the alternatives but will be refined further as the studies needed
to develop the designs are completed. Details regarding quantity and unit cost assumptions
are shown in Appendix 2.

PARTIAL DAM REMOVAL
The construction cost for the Partial Dam Removal Alternative was estimated to be
$2,500,000 or about $7150 per linear foot of dam width. This includes $960,000 ($2,750
per linear foot) for actual removal of the structure, $920,000 for constructing three grade
control structures and $560,000 for restoring the river bank and constructing a new inlet
for the millrace. Additionally, a small amount of right-of-way would need to be obtained for
construction of the grade control structures; associated costs for right-of-way acquisition
are not included in this estimate. For comparison of removal costs, rockfill construction
dams of similar heights were removed at Shopiere, WI, and Richland Center, WI, at 2008
costs, adjusted for location (see USACE 2007), of $1,100 and $1,600 per linear foot. As
another comparison, the Otter Tail Power Dam in Crookston, MN, was removed and replaced
with similar rock grade control at a construction cost of $9,700 per linear foot of river width
(in 2008 dollars).

ROCK RAMP
The construction cost for the Rock Ramp Alternative was estimated to be $1,800,000, or
about $5000 per linear foot of width. The cost of this alternative is driven by the material
cost of rock (including transportation to the site) needed to form the ramp. Six rock ramps
planned and/or constructed on rivers in the Red River of the North watershed ranged in
construction cost from $1,200 to $19,000 (average of $7,200) per foot of river width (in
2008 dollars, adjusted for location), depending on factors such as the dam height, depth of
scour pool and the size of rock required to resist the hydraulic forces. These ramps were
constructed out of large field stone, which was readily available, instead of quarried rock as
would be used for the Belvidere Dam project.

FISHWAY BYPASS
The construction cost for the Fishway Bypass Alternative was estimated to be $760,000,
amounting to a cost of $190 per square foot. For comparison, a larger but comparable
channel is under construction to provide both fish and canoe passage at Yorkville Dam, at a
bid cost of roughly $81 per square foot of channel. The higher cost per unit area is
considered reasonable because the Yorkville project is more than 10 times larger and
because of the fairly constrained conditions for the Belvidere Dam bypass. The Denil fish
ladder at Yorkville Dam cost $242,000, or one-third the estimated cost of the Fishway
Bypass. Denil-type structures are smaller and may be less costly to construct than naturaltype fishways when included as part of a project that includes other concrete work.
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FISH PASSAGE EFFECTIVENESS
Improving the upstream passage of fish at low head dams requires creating a pathway that is
both attractive and hydraulically appropriate to allow passage of desired species and life
stages. Fish passage alternatives must be designed to provide flows configured to attract fish
and encourage them to continue to move upstream. Beyond this, the hydraulic conditions
must include velocities within each cross section that are low enough to allow passage and
sufficient depth of flow. Fish passage projects for Midwestern species generally provide
alternating areas of faster flows (such as over or around rocks) and slower resting areas.
Unlike fish such as salmon, Midwestern species generally cannot jump to pass over obstacles
so these projects must be designed to provide appropriate conditions throughout the passage
structure.
The DNR identified nine fish species to target for passage at the Belvidere Dam. These
species are northern pike (Esox lucius), smallmouth bass (Micropterus dolomieu), walleye
(Stizostedion vitreum), channel catfish (Ictalurus punctatus), southern redbelly dace
(Phoxinus erythrogaster), largescale stoneroller (Campostoma oligolepis), rosyface shiner
(Notropis rubellus), highfin carpsucker (Carpiodes velifer) and black redhorse (Moxostoma
duquesnei). These represent fish of a range of sizes and swimming ability, and include both
sport fishes and other regionally significant species. Based on literature data regarding swim
speeds, stamina and size, these species were separated into four groups with similar passage
requirements. These four groups were named Strong Swimmers (walleye and channel
catfish), Low Stamina Swimmers (northern pike, highfin carpsucker and black redhorse), Small
Fishes (southern redbelly dace, largescale stoneroller and rosyface shiner), and Smallmouth
Bass.
The proposed alternatives have different hydraulic features that may limit their ability to pass
fish upstream.

NO ACTION
Under the No Action Alternative, fish passage is possible only when either the downstream
water level raises to the level of the dam crest or when flow spills over the banks adjacent to
the dam. Under these conditions, passage at the dam would be possible only if there is a
combination of adequate depth and relatively low velocities over the crest.

PARTIAL DAM REMOVAL
Passage of the grade control structures would require a combination of low flow velocities
and adequate depth of flow for the fish to swim the length of the ramp. At the top of each
structure, fish would also have to pass through more rapid flows at the crest.

ROCK RAMP
Passage of a rock ramp would require a combination of low flow velocities and adequate
depth of flow for the fish to swim the length of the ramp, resting only where large boulders
create adjacent calm areas. Also, at the top of the ramp, flow conditions would have to
allow the fish to traverse the notch in the dam.

BYPASS FISHWAY
The fishway would be designed to pass fish by providing a series of passable ramps with
resting pools between. Passage over the ramps requires a combination of sufficiently low
flow velocities and adequate depth of flow over the ramp, and then low enough velocities at
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the crest to allow passage at burst speeds. Adequate resting conditions includes low flow
velocities and deep enough water to provide some degree of cover for the fish.
The USGS maintains a gage that measures flows in the Kishwaukee River approximately 300
yards west (downstream) of the South Appleton Road bridge (Gage 05438500). Because
there are no significant inflows between the dam and the gage, this gage tracks the flows at
the dam. The gage records from 1939 through 2007 were analyzed to determine how often
flows occur in the river. Figure 6 shows the probability that daily flows will exceed specific
levels from March through June (key months for fish spawning migrations) and for the entire
year.
Using the hydraulic models modified from those developed by the USGS, the hydraulic
features for each alternative were evaluated relative to the requirements of each group of
fish species over a range of flows. These analyses are presented in more detail in Appendix 3.
These results were used to determine the range of river flows under which fish would be able
to pass the dam for each alternative (Table 3). Each range of passable flows was then
compared to the flow frequencies in Figure 6 to determine the percent of the year and the
percent of the fish migration season that would be passable under each alternative (Table 3).

Daily Flow (cfs)

10000

1000
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0

25
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75

Percent Time Exceeded
Annual

Fish Migration (March through June)

Figure 6. Kishwaukee River Flows at Belvidere Dam
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Table 3 – Annual and Seasonal Fish Passage Effectiveness by Alternative.
Percent of Time Passable
Alternative

Range of Passable Flows (cfs)

Annual

March-June

No Action

>> 4,000 cfs

<0.3%

<0.5%

Strong Swimmers - 50 – 2000+

95%+

96%+

Smallmouth Bass - 50 – 2000+

95%+

96%+

Low Stamina Swimmers – 75 - 1500

85%*

93%*

Small Fishes - 50 – 2000+

95%+

96%+

Strong Swimmers - 50 – 2000+

95%+

96%+

Smallmouth Bass - 50 – 2000+

95%+

96%+

Low Stamina Swimmers - 50 – 2000+

95%+

96%+

Small Fishes - 50 – 2000+

95%+

96%+

Strong Swimmers - 50 – 2000+

95%+

96%+

Smallmouth Bass - 50 – 2000+

95%+

96%+

Low Stamina Swimmers - 50 – 750

86%**

80%**

Small Fishes - 50 – 2000+

95%+

96%+

Partial Dam Removal

Rock Ramp

Bypass Fishway

* - The largest grade control structure presents a barrier to low stamina swimmers during
some flows due to the required travel distance without areas to rest. The rock ramp does
not present such a barrier because of the rest areas provided by the large boulders.
** - Passage efficiency is reduced by inadequate resting velocities for high flows as
designed. Design modifications such as longer resting pools could increase efficiency.

19

9/4/2008

Belvidere Dam Fish Passage Alternatives Analysis – Draft Final Report

PROBABLE ENVIRONMENTAL IMPACTS
Many of the specific effects of low head dams, and the impacts of dam removal, depend on
site-specific characteristics that were not studied in detail for this analysis. However, several
studies have investigated low head dams and their removal in the general vicinity of the
Belvidere Dam, specifically along the Fox River and in southern Wisconsin. The results of
those studies were used to describe the probable effects of the fish passage alternatives here.
Most of the effects described in this section are permanent impacts relating to changes in the
river and impoundment resulting from the project. There would also be impacts that occur
only during construction and for as much as a year or two afterwards. These temporary
impacts are related to the movement of sediment and conversion of channel bottom to
mudflats and wetlands.

SEDIMENT
For nearly 150 years, the relatively still impoundment upstream of Belvidere Dam has
trapped incoming sediment. Because of its age, the impoundment has probably reached a
“quasi-steady state” regime in terms of sediment; that is, the amount of sediment in the
impoundment has probably reached a relatively constant level with alternating scouring and
deposition as a function of river flow and resuspension by wind-produced waves.
The sediment within the impoundment is likely to contain some pollutants from the urban
and agricultural areas upstream, but testing has suggested that the levels of contaminants
in the sediment upstream of the dam are generally relatively low (U.S. Fish and Wildlife
Service, unpublished data). Specifically, chlorinated hydrocarbons were detected, but PCBs
were generally below detection limits. Pesticide levels were generally low, but some
samples had dieldrin, DDT, DDD and DDE levels above the lowest effect levels. In several
samples, concentrations of polyaromatic hydrocarbons were above their respective lowest
effect levels. Also, lead, copper, zinc and ammonia levels are generally indicative of low to
moderately polluted conditions (WSDOE 1995) and there was a single sample containing
elevated levels of lead. Contamination of this magnitude would probably not limit the
potential for restoring this river reach but may necessitate measures to contain “hot spots”
in place.
All of the construction alternatives would have the potential to cause short-term turbidity
associated with channel bottom or other soil disturbance. In addition, the Partial Dam
Removal Alternative would unavoidably release a portion of the sediment that has been
trapped within the impoundment; this sediment would have the potential to deposit in
downstream pools and channel margins (Doyle and others 2003) Timing and design of the
removal process can reduce short-term impacts, but the longer-term channel conditions are
largely determined by the characteristics of the sediments in the impoundment and the
design of the grade control structures.
If this release of sediment were to occur without other measures, removing the dam would
allow the upstream channel to erode downward and mobilize more material from the
bottom of the impoundment and the river bed and banks downstream. The lowering of the
channel bottom would initiate instability of the banks leading to collapse, causing the
channel to widen and providing a source of sediment that is easily moved downstream
(Doyle and others 2002). The USGS modeling indicates that if the Belvidere Dam were
removed without grade control structures the channel bottom could drop as much as two
feet between the dam site and Doty Park, and up to one foot upstream of Main Street and
downstream of Pleasant Street. The model suggests that such a removal would allow
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68,000 cubic yards, or nearly two million cubic feet, of material to be transported to the
river downstream, and that 15 to 20 percent of that sediment would deposit in the channel
within 1000 feet of the dam site. The model predicts approximately three feet of sand and
gravel deposition in the area immediately downstream of the dam site. The rest of the
sediment would move farther downstream. Since it is unlikely that the Illinois
Environmental Protection Agency (IEPA) or the IDNR would allow a project that would freely
pass this much sediment, especially considering the known presence of contaminants, any
project to remove the Belvidere Dam would have to include measures to limit the sediment
loss from the previously impounded area.
Constructing the grade control structures before removing the dam, as in the Partial Dam
Removal Alternative, would reduce the rate of sediment movement and should limit the
lowering of the channel bottom primarily to the area between the dam site and Doty Park.
(The effects of this alternative were not specifically quantified because this scenario was
not modeled by the USGS). Except at localized spots, such as downstream of rocks or logs,
the amount of bottom lowering would probably be less than one foot. The grade control
structures would also considerably reduce the amount of sediment transported
downstream, and some portion of the sediment generated upstream would be trapped
upstream of the grade control structure at the dam. The highest rates of sediment
transport would occur immediately after dam removal, and there may be visible turbid flows
downstream for several weeks afterward, but most of the visible transport would likely
occur within a fairly short period of days to a few weeks. Based on the preliminary results
from the USFWS sediment analyses, chemical contamination of downstream areas should
not be a significant concern and extreme efforts to stabilize contaminated sediment are
unlikely to be necessary.
The No Action, Rock Ramp and Bypass Fishway Alternatives would have similar long-term
sediment impacts. For these alternatives the current sediment processes would continue
essentially unchanged. The Partial Dam Removal Alternative would eventually move to a
different “steady state” condition in which the rates of both sediment trapping and
resuspension would be significantly reduced.

BIOLOGICAL AND HABITAT IMPACTS
The presence of Belvidere Dam serves as a barrier to upstream movement of species that
can only move via the flow of the river, most notably fishes and the mussels that use those
fishes as hosts. Although this provides the benefit of slowing the upstream spread of exotic
species such as Asian carp, it also serves to limit the ability of native species to exploit
habitat in different portions of the river system. The dam also creates an impounded area
upstream that supports different habitat conditions from the free-flowing areas
downstream. Santucci and others (2005) found that fish communities, aquatic insect
communities, and habitat conditions in impoundments above dams on the Fox River were
lower quality than those in free-flowing areas. Fish surveys in the vicinity of the Belvidere
Dam (IDNR, unpublished) show similar results, with richer fish communities immediately
downstream of the dam than within the impoundment.
All of the fish passage alternatives would allow fish and other aquatic species, both exotic
and native, to pass upstream of the dam. However, only the Partial Dam Removal
Alternative would restore more riverine conditions to approximately 4800 feet of the river
from the existing dam site upstream. This change would reduce the volume of aquatic
habitat in the currently impounded area by 7 percent (8.7 million cubic feet to 8.1 million
cubic feet), but the resulting habitat would be considered higher quality because it would be
better able to support native aquatic communities characteristic of the free-flowing river.
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The river in this reach would have higher velocity and more diverse flow and sediment
conditions, with more coarse sediment exposed after fine silts are washed downstream. At
other dam sites the restoration of riverine conditions has led to increases in fish species
such as smallmouth bass (Micropterus dolomieu) and darters (Etheostoma and Percina spp)
and declines in species such as common carp (Cyprinus carpio) (Stanley and Doyle 2003).
These conditions also tend to favor more diverse aquatic insect communities that are more
similar to those in unimpounded areas upstream and downstream (Pollard and Reed 2004);
these communities would likely respond to the new conditions within a year or two (see
Stanley and others 2002).
It is possible that the impoundment may currently provide local overwintering habitat for
some species, and if so removal of the impoundment would force individuals to travel
farther downstream to locate adequate overwintering areas. Additionally, any mussels
present in the impoundment or in beds downstream of the dam would be at risk of mortality
by either exposure or smothering under released sediment (Sethi and others 2004). Fine
sediment transported downstream could have the potential to temporarily adversely affect
downstream fish, macroinvertebrates and algae (such as in Thompson and others 2005,
and Bushaw-Newton and others 2002). Given that most of the sediment in the
impoundment would not be released by the Partial Dam Removal Alternative presented
here, these effects would be expected to be fairly localized.
The Rock Ramp Alternative, the grade control structures in the Partial Dam Removal
Alternative, and to a lesser degree the Bypass Fishway Alternative would provide additional
high-quality substrate habitat areas for aquatic insects, mussels and small fishes such as
darters and stonerollers on their rock faces. The Rock Ramp would provide 53,000 square
feet of rocky substrate, the Partial Dam Removal would provide 40,000 square feet, and the
Bypass Fishway would provide 4,000 square feet.

WATER QUALITY
Low head dams can influence water quality processes in the river due to their changes to
the flow and depth conditions. Water held in the wide unshaded channel is susceptible to
solar heating, and the longer “residence time”, or average time it takes to move from the
upstream end of the impoundment to the dam, increases the time the water is exposed to
such heating. Dissolved oxygen levels can be diurnally depressed in the impoundments
because the processes that contribute to aeration (including production from periphyton
and turbulence from passing over rocks) tend to be less efficient in these areas and because
the processes that remove oxygen from the water column have longer to act due to the
longer residence time.
The most significant change to water quality conditions for any of the alternatives would be
associated with the reduction in impounded conditions with the Partial Dam Removal
Alternative. The loss of impounded volume would reduce the residence time of water in the
impoundment by 16 percent during low flow periods, from 27.5 to 23.1 hours. This would
lead to reduced solar heating, as would the reduced channel width and shading from
riparian vegetation. Night-time dissolved oxygen levels in the impoundment area and
downstream would increase due to the reduced residence time. There may also be
increased aeration as flows pass over the rock grade control structures, although at the
existing dam the combination of the drop and the downstream rocks likely provides a good
deal of aeration.
Construction of the Rock Ramp Alternative may increase the aeration of water leaving the
impoundment relative to the No Action Alternative, which would lead to somewhat
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increased dissolved oxygen concentrations downstream. The Bypass Fishway Alternative
(which would draw water from the top of the impoundment that would otherwise flow over
the dam) would also contribute some downstream aeration and create high quality riffles
within the bypass. However, neither the Bypass Fishway nor the Rock Ramp would change
temperature or clarity conditions upstream or downstream of the dam or the oxygen
conditions upstream of the dam.

WETLANDS AND CONVERSION TO TERRESTRIAL CONDITIONS
Currently, most of the river edge within the study area upstream of the Belvidere Dam
consists of relatively steep slopes from developed areas higher on the banks to the edge of
the impoundment. The closest upstream wetland area shown in the National Wetland
Inventory is approximately 1.6 miles upstream of the dam, but additional wetlands may be
present as relatively narrow strips along the banks. If changes along the river were to lead
to lower water levels, any wetlands present would be flooded less regularly, which could
cause changes in wetland characteristics such as the plant species present. In addition,
areas of the channel and impoundment bottom could be exposed enough to allow wetland or
upland vegetation to establish.
The No Action, Rock Ramp and Bypass Fishway Alternatives would not result in any changes
to wetlands or conversion of wetted areas to terrestrial. The Partial Dam Removal
Alternative would lower water levels during normal flow periods from the dam site to the
upper grade control structure, 4800 feet upstream of the dam. Due to the layer of fine
sediment within much of the current impoundment, this lowering would result in the
conversion of approximately 4.5 acres of bottom into riparian wetlands: four acres between
the dam site and the boat launch, and one half acre upstream of the boat launch (see
Exhibits 5A and 5B, Appendix 1).
Immediately following water level lowering the exposed portion of the bottom will be visible
as smooth mudflats. However, very rapidly (usually within weeks, if lowering occurs during
spring or summer) these flats become fully vegetated. Figures 7 and 8 show photos of
impoundments immediately after dam removal and a short period later. This vegetation
tends to persist over time although the plant species that establish tend to be “weedy”, such
as stinging nettle (Urtica dioica) or reed canarygrass (Phalaris arundinacea), unless the area
is actively managed to encourage other species (Orr and Stanley 2006).
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Figure 7. Photographs of Sacktucket River, MA, immediately after removal of Cotton Hill
Dam and two months later. (Courtesy of Brian Graber, American Rivers)
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Figure 8. Photographs of Willow River, WI, one week after removal of Mounds Dam and
fifteen months later. (Courtesy of Brian Graber, American Rivers)
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INFRASTRUCTURE IMPACTS
Because the Belvidere Dam has been a feature in downtown Belvidere almost since its
founding in 1835, the infrastructure system has been developed assuming the presence of the
effects of the dam on the Kishwaukee River. Specifically, sewer lines, stormwater outfalls and
boating facilities have been constructed within the impoundment pool. Similarly, bridge
foundations and bank protection measures have been designed assuming that the hydraulic
conditions within the impoundment will persist. Although three of the alternatives (No Action,
Rock Ramp and Bypass Fishway) are unlikely to affect infrastructure conditions, the Partial
Dam Removal Alternative would result in considerable changes that could potentially affect
infrastructure. This section describes the infrastructure along the Kishwaukee River that
could be vulnerable to the changes brought about by this project and provides an evaluation
of the likely effects.

SEWER LINES
Four sanitary sewer lines (sometimes referred to as “siphons”) cross beneath the river in
the two miles upstream of the Belvidere Dam (Figure 9). The presence of the dam currently
limits the amount of undermining and exposure to damage from scouring flows. The USGS
modeling indicated that dam removal without other mitigating actions would allow scour
that could leave the pipes above the water surface and place them at risk of displacement
and/or rupturing, which would lead to pollution of the river and high repair costs. The
Partial Dam Removal Alternative developed here included the construction of three grade
control structures designed to protect the four sewer lines by preventing scour below three
feet above the top of the pipe within the channel where possible. Table 4 summarizes
design information regarding each of these crossings. Sewer line protection for a complete
dam removal would require resetting the pipes to a level at least three feet below the
elevation shown in the “USGS Dam Removal” column.
Table 4. Sewer Crossing Information
Channel Bottom Elevation (ft NGVD)

Location
(feet
upstream of
dam)

Pipe
Diameter
(inches)

Elevation of
Top of Pipe
(ft NGVD)

Siphon #3

70

20 and 15

Siphon #2

2100

Siphon #1
NE Trunk
Siphon

Existing

USGS Dam
Removal

Partial Dam
Removal
Alternative*

743.5

744.0

741.6

746.5

20 and 15

746.5

744.6

743.7

749.5

5200

10 and 8

751.5

746.2

745.3

751.5

8000

16, 12 and 8

~745

747.0

747.0

751.5

* - Level of protection provided by grade control structures
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Figure 9. Locations of Infrastructure in the Vicinity of Belvidere Dam
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STORMWATER OUTFALLS
Sixteen known stormwater outfalls discharge into the Belvidere Dam impoundment between
the Business Highway 20 bridge and the dam (Figure 9). The largest of these are 72-inch
diameter pipes, one located on the south bank of the river within 100 feet of the dam and
the other is on the north bank immediately downstream of Siphon #1. Two other outfalls are
48-inch diameter pipes, and the rest are 18- to 36-inches in diameter. Two additional
outfalls discharge into the Belvidere Park Mill Race and one discharges immediately
downstream of the dam.
All of the outfalls to the impoundment currently discharge at or below the water surface and
would experience changes in exit conditions under the Partial Dam Removal Alternative.
Under this alternative, the outflows from the 72-inch outfall and another outfall at Doty Park
would be incorporated into the grade control structure designs, and a scour evaluation
would be required for the outfall at the end of Gladys Court to evaluate the need for
additional measures brought about by the six foot lower water levels. Scour evaluations
would also be required for seven outfalls between Siphon #2 and Siphon #1, which would
have water level reductions of about two feet, and the 72-inch outfall immediately
downstream of Siphon #1 would have to be incorporated into the grade control design at
that point. Besides scour, the net effect of the water level reduction on outfall performance
is likely to be positive due to the increased pipe capacity during storm events.

BOAT LAUNCH AND DOCKS
The Park District boat launch is located approximately 2000 feet upstream of the Belvidere
Dam (Figure 9). Should the Partial Dam Removal Alternative be implemented, the water
level at the boat launch would be reduced by 2 feet during non-flood conditions. Maximum
river depths would be reduced from approximately 6.5 feet currently to 4.5 feet for most
flows. This change would cause the edge of water to move approximately 10 to 20 feet
away from the bank. In addition, boaters using this launch would be restricted by the grade
control structures, one immediately downstream and one upstream between the Main
Street and Railroad bridges; during normal flow conditions the maximum flow depth over
these would be about one foot, so boats requiring larger drafts would have to remain in the
half-mile reach between the structures. These changes would have the cumulative effects
of requiring extension of the launch farther from the bank and reducing the benefits
available to many boaters who currently use the launch even after these modifications are
made.
Several private docks are located along the south bank of the river immediately upstream of
the dam. Under the Partial Dam Removal Alternative the water levels at these docks would
be reduced by 6 feet during normal flow conditions and by 6.5 feet during low flow
conditions. Maximum river depths would be reduced from approximately 7.5 feet currently
to less than 2 feet during non-flood flows. Although this should not adversely affect the
dock structures, the reduced water depth would severely limit the boating uses of these
docks.

BRIDGES, SEAWALLS AND RIPRAP BANKS
The six bridges upstream of the Belvidere Dam were designed and constructed with the dam
in place and taking into consideration the conditions represented by the No Action
Alternative. Should the Partial Dam Removal Alternative be implemented, these bridges
would experience changes in flow conditions as shown in Tables 5 and 6. Based on available
bridge plan information and standard design practices for these type of bridges, it is unlikely
that the foundations would be endangered by hydraulic changes of this magnitude. Detailed
analyses should be conducted if this alternative is implemented to determine if any
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Table 5. Hydraulic Changes at Kishwaukee River Bridges Under Partial Dam Removal
Alternative (Low Flow Conditions)
Low Flow (75 cfs)
No Action

Average Daily Flow (376 cfs)

Partial Dam
Removal

No Action

Partial Dam
Removal

Depth
(ft)

Velocity

Depth
(ft)

Velocity

(ft/s)

Depth
(ft)

Velocity

(ft/s)

Depth
(ft)

Velocity

(ft/s)

Doty Park Bike

6.4

0.1

4.5

0.1

6.8

0.4

5.0

0.5

State Street

5.6

0.2

3.7

0.2

6.1

0.8

4.3

0.8

Main Street

4.7

0.1

2.8

0.1

5.2

0.4

3.8

0.5

Railroad

6.0

0.1

6.0

0.1

6.6

0.5

6.7

0.4

E. Pleasant St.

4.3

0.2

4.3

0.2

4.9

0.7

5.0

0.6

Bus. Hwy. 20

3.2

0.2

3.2

0.2

4.0

0.7

4.1

0.7

Bridge

(ft/s)

Table 6. Hydraulic Changes at Kishwaukee River Bridges Under Partial Dam Removal
Alternative (High Flow Conditions)
Average Annual Flood (3,890 cfs)
No Action

Partial Dam
Removal

100-year Flood (15,900 cfs)
No Action

Partial Dam
Removal

Depth
(ft)

Velocity

Depth
(ft)

Velocity

(ft/s)

Depth
(ft)

Velocity

(ft/s)

Depth
(ft)

Velocity

(ft/s)

Doty Park Bike

9.4

2.5

8.9

2.6

14.9

5.0

13.9

4.9

State Street

8.8

3.9

6.9

4.0

14.6

7.5

13.7

7.0

Main Street

8.2

2.5

6.5

2.8

14.6

5.4

13.6

5.3

Railroad

10.2

2.6

9.5

2.6

16.8

5.6

16.0

5.6

E. Pleasant St.

9.4

2.7

8.7

2.9

16.1

5.6

15.4

5.9

Bus. Hwy. 20

8.9

2.5

8.4

2.6

15.6

5.1

15.0

5.3

Bridge
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additional measures are necessary to prevent scour. The bridges downstream of the dam
would not be affected by any of these alternatives.
There are several areas of constructed seawalls and reinforced river banks along the reach
of river that would be affected by the Partial Dam Removal Alternative. Those within
approximately one mile upstream would experience the largest change in condition, with
lower continuous water levels. The changes in velocities due to this alternative would not
be likely to change the scour condition, but the banks and walls would be exposed to more
“rapid drawdown” where the river level rises and then falls after saturating the soils behind
the bank or walls. This could increase the rotation of walls toward the river; owners of the
walls should be warned of this possibility so they may monitor and take action if necessary.

BELVIDERE PARK MILL RACE
One of the most visible infrastructure features in this area is the Belvidere Park Mill Race.
This waterway has been incorporated into the park setting and carries water from upstream
of the dam to a point downstream of the Appleton Road bridge. The inlet for this millrace is
a grated catch-basin on the upstream side of the dam. Because the water level in the
impoundment is about 6 feet higher than the bottom of the mill race, water can flow from
the impoundment into the mill race without pumping. The existing structure could be
adjusted for small changes (1-2 feet or so) in impoundment water levels without affecting
the water supply to the mill race. However, the water level changes that would accompany
the Partial Dam Removal Alternative would prevent the river at this point from being a
reliable source of water for the mill race. Preliminary calculations indicate that a reliable
supply could be obtained by moving the inlet upstream of the second grade control
structure and piping the water downstream. Since the cost to construct this new inlet is
included in the cost of the Partial Dam Removal Alternative, none of the alternatives would
be considered to have an adverse effect on the mill race water supply.
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ALTERNATIVE COMPARISON
A semi-quantitative matrix was established to transparently compare each alternative using
the factors deemed by the committee as most relevant to this project: fish passage,
environmental impacts, infrastructure impacts including flooding, social/cultural, economics,
recreation and public safety. This type of matrix allows decision makers to compare the
relative strengths of each alternative, and allows the opportunity to evaluate sensitivity of
rating to different scoring assumptions.
Each factor’s score was determined using best professional judgment and the rationale
explained in the following paragraphs. The alternatives were assigned scores between 0 and
4, with the higher values representing more significant benefit relative to that factor; the
alternative with the highest benefit was always assigned a 4. Relative weighting of each
factor was determined by determining the consensus of the committee, with input from the
Belvidere Park District Board of Commissioners, as to the relative importance of each of these
factors for this project, in terms of percent, and then multiplying these percentages by 25.
Weighted score for each factor is determined as the score times the relative weighting. The
total weighted score for each alternative is the sum of the weighted scores for all of the
factors. With this scoring, if one alternative was scored as superior for all comparison factors,
it would receive a score of 100.
It should be remembered that the results of this analysis, presented in Table 7, are not meant
to precisely represent the value of each alternative, but rather to generally reflect how the
alternatives meet the decision-making priorities as defined by the weighting system. The
weighted total score can be used to determine the rank order of preference given the project
priorities and how close the alternatives are relative to the priorities.

FISH PASSAGE
Each of the proposed fish passage alternatives were found to provide fish passage
opportunities for 80 percent or more of the flows for each of the identified groups of fishes,
both annually and during the key fish passage season. However, the Bypass Fishway will
always be somewhat less effective at passing fish than the Partial Dam Removal and Rock
Ramp alternatives because it requires the fish to locate and traverse the fishway, which is
away from the main flow of the river. In other words, because the Partial Dam Removal
Alternative and the Rock Ramp Alternative provide passage within the main flow of the river
there will not be attraction limitations for these alternatives. However, because fish will
have to traverse a high velocity reach within the narrow notch at the top of the rock ramp,
the Rock Ramp alternative will likely restrict the passage of small fish that traverse the
ramp. Similarly, the ease of downstream passage will be greatest for the Partial Dam
Removal, followed by the Rock Ramp and then the Bypass Fishway. Because of this, the
Partial Dam Removal Alternative was assigned the high score of 4, and the Rock Ramp and
Bypass Fishway Alternatives were assigned scores of 3.5 and 3, respectively. The No Action
alternative was found to be passable far less than 1% of the time and so was assigned a
score of 0.
The consensus of the committee was that since fish passage is the purpose of this project,
this factor should represent 30% of the alternative scoring and so receive a weighting
factor of 7.5.

ENVIRONMENTAL IMPACTS
In terms of improving habitat conditions and water quality, the Partial Dam Removal
Alternative provides the highest level of benefit and so is assigned a score of 4. However,
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that alternative is not completely beneficial in that it will lead to some sediment release to
downstream areas, which could adversely affect bottom-dwelling animals such as mussels
and some insects, and it would reduce the potential fish overwintering habitat. The No
Action Alternative would retain the existing non-riverine habitat in the impoundment, but
would continue to provide potential overwintering habitat without the negative effects of
sediment release. On balance, this was estimated to equate to a score of 1. The Bypass
Fishway Alternative would have similar environmental impacts to the No Action Alternative
but may provide some additional degree of aeration to flows and would provide a small
amount of added good quality habitat on rocky substrate. It was assigned a score of 1.5.
The Rock Ramp Alternative would be similar to the Bypass Fishway Alternative with added
habitat and potentially added aeration, and was given a score of 2.
The consensus of the committee was that this factor should represent 10% of the
alternative scoring and so receive a weighting factor of 2.5.

INFRASTRUCTURE AND FLOODING IMPACTS
The Partial Dam Removal Alternative would reduce the 100-year water surface elevation by
about 9 inches in most areas for two miles upstream of the Belvidere Dam. Based on the
FEMA floodplain map (1981), this would appear to reduce the risk of flooding for several
dozen homes and apartment buildings on the north bank immediately upstream of the dam
and the industrial area on the south bank upstream of State Street. It should be noted that
if shrubs and trees were to encroach into the exposed floodplain (as opposed to grasses),
these benefits would be reduced somewhat. The other alternatives have essentially no
effect on flood water levels. However, ice damming is a concern that may contribute to
flooding at this location during moderate events in the winter and spring. The Partial Dam
Removal Alternative would reduce the incidence of this type of flooding because the ice
dams would be formed at much lower elevations. The No Action Alternative, Rock Ramp
Alternative and Fish Passage Alternative would not affect this type of flooding at this
location. However, the grade control structures and possibly the rock ramp could increase
frazil ice production during very cold winters, and this could contribute to ice damming
downstream.
All three action alternatives (Partial Dam Removal, Rock Ramp and Fish Passage
Alernatives) would reinforce the north bank immediately downstream of the bank, reducing
the incidence of damage to the roadway and other park infrastructure.
The Partial Dam Removal Alternative would lower the river water level at the dam site
during low and average flow conditions. This water level lowering would prevent flow from
entering the existing millrace inlet during all but flood conditions and would necessitate the
construction of the upstream inlet. The lower water level would also reduce the depth of
the river at the boat launch and at the stormwater outfalls. Motor boats putting in at the
boat launch would be limited to the 0.5 mile stretch of river between the two upstream
grade control structures.
The No Action and Bypass Fishway Alternatives would not affect the infrastructure or
flooding conditions, but the upstream infrastructure and the millrace water supply would
remain at severe risk should the dam fail. The No Action Alternative was assigned a score
of 1, and the Bypass Fishway Alternative was assigned a score of 1.5 because it would include
stabilization of the north bank. The Rock Ramp Alternative would similarly not affect
infrastructure or normal flooding conditions but the ramp would stabilize the dam so that
the risk to infrastructure and the millrace water supply would be reduced; this alternative
was assigned a score of 4. The Partial Dam Removal Alternative as presented here would
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have measures to protect the upstream sewer lines and it would reduce the water level in a
portion of the river during flooding. However, it would also severely reduce the usefulness
of the boat launch. Also, there may be added need for scour protection at the stormwater
outfalls. Due to the general improvement in (reduced risk to) infrastructure and flooding
conditions relative to the No Action and Bypass Fishway Alternatives, the Partial Dam
Removal Alternative was assigned a score of 3 for this factor.
The consensus of the committee was that this factor should represent 15% of the
alternative scoring and so receive a weighting factor of 3.75. Had the potential effects of
dam removal, specifically exposure of sewer lines and elimination of the millrace water
supply, not been mitigated by measures within that alternative the relevance of this factor
would have been greater.

SOCIAL/CULTURAL ISSUES
Public input has suggested that many view the dam as a community asset and an important
part of City history. Also, the impounded pool and rushing water are perceived benefits of
the presence of the dam. The No Action and Bypass Fishway alternatives would leave the
dam and impoundment essentially unchanged, so these were assigned a score of 4. The
Rock Ramp Alternative would leave the impoundment but change the dam into a high
rapids, which some community members may find undesirable. This alternative was
assigned a score of 3. Although there is some degree of support for it, to this point the
concept of dam removal has not been generally accepted within the community so the
Partial Dam Removal Alternative was assigned a score of 0.
The consensus of the committee was that this factor should represent 15% of the
alternative scoring and so receive a weighting factor of 3.75.

ECONOMICS (OTHER THAN CONSTRUCTION)
The presence and maintenance of the dam structure results in economic costs to the
alternatives that keep the dam in place. In 1956 the dam was repaired at a cost of $156,000
(about $1,100,000 in 2008 dollars), and in 1990 another $275,000 in repairs ($475,000 in
2008 dollars) were constructed. It is probably conservative to assume that in addition to
ongoing maintenance, the No Action Alternative and Fishway Bypass Alternatives would
require $500,000 expenditures every 30 years or so into the future to stabilize the dam.
These costs would likely be borne by the State of Illinois. Additionally, the State, as dam
owner, has liability for damages caused by the presence of (public safety and attractive
nuisance) or the failure of the dam; purchasing insurance for this liability would likely cost
several thousand dollars per year, which indicates that assuming this risk represents a
substantial economic cost to the people of Illinois. The Partial Dam Removal Alternative
would eliminate the dam maintenance and liability costs, and the Rock Ramp Alternative
would reduce these costs to some degree.
The No Action Alternative would be highest because of the costs to maintain the dam, to
regularly remove debris and to restabilize the northern bank after large events (Table 7).
The maintenance costs for the Fishway Bypass are likely to be the next highest, but this
alternative (and the other two action alternatives,) would include stabilization of the north
bank and reduce maintenance costs at that location. The Rock Ramp Alternative would
likely stabilize the dam and reduce the ongoing need for maintenance but would require
increased debris removal. Both the Rock Ramp and Partial Dam Removal Alternatives will
have some ongoing maintenance to adjust rocks moved by high flows, debris and ice, and
likely will require some post-construction adjustment as the ramps settle. In all, Partial Dam
Removal Alternative likely has the lowest future maintenance costs.
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Table 7. Maintenance Cost Comparison

Alternative

Dam
Maintenance*

Ongoing
North Bank
Repairs

No Action

Yes

Yes

Partial Dam
Removal

No

Rock Ramp

No

Fishway
Bypass

Yes

Annual Maintenance
Estimated
Annual Cost

Relative
Maintenance
Costs

Remove debris from
dam

$5,000

Highest

No

Remove debris,
replace rock

$7,500

Lowest

No

Remove debris,
replace rock

$10,000

Low

No

Remove debris from
dam and bypass,
mechanical
maintenance

$6,000

High

Description

* - Cost to maintain structural integrity of dam estimated to be $500K every 30 years

The Partial Dam Removal Alternative would have potential economic effects associated with
real estate. This alternative would lower water levels along nearly a mile of the river,
exposing currently inundated land including areas in the vicinity of existing private docks. A
study by the University of Wisconsin (Provencher and others 2006) suggests that in the
long term property values are not adversely affected by proximity to a free-flowing river as
opposed to a dam impoundment, but the loss of use of docks would generally be considered
an economic loss. On the other hand, these areas would experience an economic benefit
due to the reduced risk of flood losses. Finally, depending on the property description of the
plats along the river, the land exposed by the lower water levels may be owned by the
adjacent properties.
An additional economic consideration is whether any of the alternatives will positively or
negatively affect business in the area. The No Action Alternatives is unlikely to have either
positive or negative effects on business. With a viewing platform an explanatory signage,
the bypass fishway would be an attraction for visitors, and could be an educational tool for
local schools. As such, it could provide an economic benefit for local businesses. The Partial
Dam Removal Alternative would reduce usage by motorized boaters, resulting in some
degree of economic loss to the City of Belvidere. However, after the dam site is made
passable to canoeists there may be offsetting economic benefits from those users.
From the perspective of future cost the No Action Alternative would be the least desirable;
the dam would remain in place resulting in continuing liability issues and ongoing
maintenance. For this reason that alternative was assigned a score of 0. The Fish Passage
Alternative would have similar liability issues, higher maintenance requirements but also
potential economic benefits as a tourist attraction, so it was assigned a score of 1.0. The
Rock Ramp would reduce future liability and maintenance, and would likely have a benefit
on regional tourism. The Partial Dam Removal would also reduce liability and maintenance,
but it is uncertain whether it would provide net benefits for either real estate or tourism.
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For these reasons, the Rock Ramp Alternative was given a score of 4, and the Partial Dam
Removal Alternative was given a 3.5.
The consensus of the committee was that this factor should represent 10% of the
alternative scoring and so receive a weighting factor of 2.5.

RECREATION
The recreational components considered for this factor were canoeing, boating and fishing.
It should be noted that in some other places, the quality of fishing at the base of dams has
been observed to decline somewhat when fish passage is provided because the fish are no
longer “held up” and concentrated in one place. For this analysis, we assume that the
quality of fishing in the Kishwaukee River as a whole would increase with fish passage, and
that this improvement would more than offset any local effects at this dam. However,
migrating fish will congregate at the entrance to the bypass fishway. For this reason, and to
protect the stock, regulatory agencies usually prohibit fishing near the entrance and exit of
fishways.
The Rock Ramp and Bypass Fishway Alternatives were assigned scores of 4 because they
would improve fishing quality in the river as a whole and would not negatively affect existing
recreation uses. It should be noted that the rock ramp would not directly serve recreational
purposes; per existing IDNR policy, any person found on any rock ramp, including boaters or
swimmers, will be considered to be trespassing and is subject to a ticket, fine or even
imprisonment. The No Action Alternative would not change any of the recreation
components and so was assigned a score of 2. The Partial Dam Removal Alternative would
have negative effects on boating by reducing the water level in the upstream impoundment
and by creating barriers to the passage of motor boats. However, the grade control
structures would be designed to allow canoe passage, so this alternative would improve the
potential for non-motorized boating in the area; on balance this alternative was assigned a
score of 3.
The consensus of the committee was that this factor should represent 10% of the
alternative scoring and so receive a weighting factor of 2.5.

PUBLIC SAFETY
Public safety concerns generally revolve around the unsafe conditions at the dam site. The
rock placed immediately downstream of the dam likely reduces the “hydraulic roller” in that
area, every dam poses some degree of risk to public safety. The No Action Alternative and
Bypass Fishway Alternative will leave the dam essentially in its current condition. These
alternatives were assigned a score of 0 for public safety. The Rock Ramp Alternative would
eliminate the sudden drop of water, replacing it with a “rapids-like” run of water that would
be fast but shallow and with lower potential for undertows. However, there would likely be
an increased degree of attraction for some as people may attempt to walk on or traverse it
in kayaks or inner tubes (despite the potential penalties mentioned above). The rows of
boulders would also pose a risk of injury to trespassers; that alternative was assigned a
score of 2. The Partial Dam Removal Alternative would eliminate the dam and replace it
with three shorter sections of fast water which together would be expected to be safer than
the single Rock Ramp, and that alternative was assigned a score of 4.
The consensus of the committee was that this factor should represent 10% of the
alternative scoring and so receive a weighting factor of 2.5.
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The results of this analysis are shown in Table 7. Largely on the basis of its greater
social/cultural acceptance, the Rock Ramp Alternative ended up with a higher weighted score
than the Partial Dam Removal Alternative, which scored higher in the environmental
categories. Adjustments that increase the importance of public safety and environmental
impact could result in slightly superior scores for the Partial Dam Removal Alternative, but
these would not change the recommended alternative because the Rock Ramp Alternative
would provide equal or near equal benefits for a significantly lower cost. Except for
social/cultural acceptability the Bypass Fishway did not stand out as a preferred alternative,
although it does provide fish passage at the lowest estimated construction cost.
Additional considerations could increase the level of preference for the Partial Dam Removal
Alternative relative to the Rock Ramp Alternative. First, the Partial Dam Removal Alternative
would provide flood reduction and canoe passages benefits not attainable in any alternative.
If these particular functions were determined to be highly desirable, that alternative may
become more preferable despite the higher construction cost. Also, there may be
opportunities for grant funding specifically targeted at dam removal that would offset at least
a portion of the cost difference between the two highest ranking alternatives.
Total dam removal would have received a similar grade as the Partial Dam Removal
Alternative, with high environmental scores but low (adverse) scores in the area of current
social/cultural acceptance. It would also have had a higher construction cost due to the
added costs to reset the sewer crossings and the measures necessary to stabilize the
sediments within the existing impoundment; these added costs were not estimated but are
believed to amount to several hundred thousand dollars and may well exceed one million
dollars. However, once the sediment stabilization measures are completed total dam removal
would have little or no ongoing maintenance costs.
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Table 7. Quantitative Comparison of Belvidere Dam Fish Passage Alternatives.
Alternative
Partial Dam
Removal
Rock Ramp

Relative
Weight

No Action

Fish Passage

7.5

0.0

30.0

26.25

22.5

Environmental
Impacts

2.5

2.5

10.0

5.0

3.75

Infrastructure and
Flooding Impacts

3.75

3.75

11.25

15.0

5.63

Social/Cultural

3.75

15.0

0.0

11.25

15.0

Economics (Other
Than Construction)

2.5

0.0

8.75

10.0

2.5

Recreation

2.5

5.0

7.5

10.0

10.0

Public Safety

2.5

0.0

10.0

5.0

0.0

26.3

77.5

82.5

59.4

0

2,500

1,800

760

Comparison Factor

Total Weighted Score
Construction Cost
Estimate ($1000)
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REGULATORY ACCEPTABILITY
All of the alternatives investigated here would be acceptable from a regulatory perspective.
There would be no regulatory activity with the No Action Alternative, but the other
alternatives would require the following permits:
Federal –
•

Section 404 (Discharge of Fill) permit from the U.S. Army Corps of
Engineers, with consultation from the IDNR under the Fish and Wildlife
Coordination Act,

•

Part 3702 (Construction and Maintenance of Dams) from the IDNR,

•

Part 3700 (Construction in Floodways) from the IDNR

•

Section 401 water quality certification (requirement for Federal Section 404
permit) from the IEPA, including an antidegradation assessment

•

NPDES Construction Stormwater permit from IEPA

•

Development (floodplain) permit from the City of Belvidere

State –

Local –

It is anticipated that an environmental inventory including coordination with the USFWS
(endangered species) and the Illinois Historic Preservation Agency (cultural resources and
historic properties) would be sufficient to support the permit applications for either the Rock
Ramp or the Fish Bypass Alternative. However, because of its more extensive environmental
changes, the regulatory agencies might require an Environmental Impact Statement to permit
the Partial Dam Removal Alternative, which would increase the level of required time, public
involvement and cost.
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CONCLUSION
Despite the lower estimated construction cost of the Bypass Fishway Alternative, the Rock
Ramp Alternative is recommended for design and construction because it is the alternative
that best meets the project objectives as defined by the factors relevant to this project and
their relative weighting. The recommended alternative would have a probable construction
cost of approximately $1,800,000, and estimated annual maintenance requirements of about
$10,000 to remove debris and replace stones that shift. The Partial Dam Removal Alternative
would meet the project objectives nearly as well as the Rock Ramp Alternative, and would
provide unique benefits, but at a significantly higher initial cost. Among the studies and
activities necessary to support design and permitting of the Rock Ramp Alternative are:
•

Investigation and analysis of existing dam condition,

•

Investigation of subsurface conditions in the vicinity and downstream of the dam,

•

Survey of construction areas sufficient to generate 2-foot contours,

•

Detailed hydraulic modeling to confirm design conditions at various locations, and

•

Biological sampling and investigation, including wetland delineations and mussel
surveys, of areas likely to be impacted by construction.

If desired, design modifications can be evaluated to improve project function and to reduce
costs. These modifications may include:
•

Appropriate dam stabilization to allow removal of the entire concrete cap from the
dam; this could improve fish passage conditions, reduce maintenance requirements
and eliminate the slight water level impacts of this alternative,

•

Construction of ramp over only a portion of the dam width,

•

Use of less expensive materials, such as clean concrete debris, for a portion of the
ramp fill, and

•

Increased use of concrete grout; this could reduce the size of rock required and
thereby reduce costs.

In addition to the construction costs estimated above, additional costs to implement this
project would include those required to complete the studies, design, permitting and
construction management.

39

9/4/2008

Belvidere Dam Fish Passage Alternatives Analysis – Draft Final Report

REFERENCES
Bushaw-Newton, Karen L., David D. Hart, James E. Pizzuto, James R. Thomson, Jennifer Egan,
Jeffrey T. Ashley, Thomas E. Johnson, Richard J. Horwitz, Melissa Keeley, Joy
Lawrence, Don Charles, Catherine Gatenby, Daniel A. Kreeger, Tim Nightengale, Roger
L. Thomas and David J. Velinsky. 2002. An integrated approach towards
understanding ecological responses to dam removal: the Manatawny Creek Study.
Journal of the American Water Resources Association, Vol. 38, No. 6, pp. 1581-1599.
Doyle, Martin W., Emily H. Stanley and John M. Harbor. 2002. Geomorphic analogies for
assessing probable channel response to dam removal. Journal of the American Water
Resources Association, Vol. 38, No. 6, pp. 1567-1579.
Doyle, Martin W., Emily H. Stanley and John M. Harbor. 2003. Channel adjustments following
two dam removals in Wisconsin. Water Resources Research, Vol 39, No. 1, 1011.
Federal Emergency Management Agency (FEMA). 1981. Flood Insurance Study, City of
Belvidere Illinois, Boone County. Community Number 170008. November 17, 1981.
Kishwaukee River Ecosystem Partnership (KREP). 2006. Kishwaukee River Watershed
Strategic Plan for Habitat Conservation and Restoration. Adopted May 2005,
Published January 2006.
Orr, Cailin H. and Emily H. Stanley. 2006. Vegetation development and restoration potential
of drained reservoirs following dam removal in Wisconsin. River Research and
Applications, Vol. 22, pp. 281-295.
Pollard, Amina I. and Tara Reed. v2004. Benthic invertebrate assemblage change following
dam removal in a Wisconsin stream. Hydrobiologia, Vol. 513, pp. 51-58.
Provencher, Bill, Helen Sarakinos and Tanya Meyer. 2006. Does Small Dam Removal Affect
Local Property Values? An Empirical Analysis. Agricultural and Applied Economics
Staff Paper No. 501, July 2006.
Santucci, Victor J. Jr., Stephen R. Gephard and Stephen M. Pescitelli. 2005. Effects of
multiple low-head dams on fish, macroinvertebrates, habitat, and water quality in the
Fox River, Illinois. North American Journal of Fisheries Management, Vol. 25, pp. 975992.
Sethi, Suresh A., Andrew R. Selle, Martin W. Doyle, Emily H. Stanley and Helen E. Kitchel.
2004. Response of unionid mussels to dam removal in Koshkonong Creek, Wisconsin
(USA). Hydrobiologia, Vol. 525, pp. 157-165.
Stanley, Emily H. and Martin W. Doyle. 2003. Trading off: the ecological effects of dam
removal. 2003. Frontiers in Ecology and Environment, Vol. 1, No. 1, pp. 15-22.
Stanley, Emily H., Michelle A. Luebke, Martin W. Doyle and David W. Marshall. 2002. Shortterm changes in channel form and macroinvertebrate communities following low-head
dam removal. Journal of the North American Benthological Society, Vol. 21, No. 1, pp.
172-187.

40

9/4/2008

Belvidere Dam Fish Passage Alternatives Analysis – Draft Final Report

Thompson, James R., David D. Hart, Donald F. Charles, Timothy L. Nightengale and Diane M.
Winter. 2005. Effects of removal of a small dam on downstream macroinvertebrate
and algal assemblages in a Pennsylvania stream. 2005. Journal of the North
American Benthological Society, Vol. 24, No. 1, pp. 192-207.
U.S. Army Corps of Engineers (USACE). 2007. Civil Works Construction Cost Index System.
EM 1110-2-1304. Department of the Army, Washington DC. September 30, 2007.
U.S. Fish and Wildlife Service (USFWS). 2007. Fish Passage Decision Support System
(FPDSS). U.S. Department of the Interior, Washington DC. http://fpdss.fws.gov/
Accessed December 17, 2007.
Washington State Department of Ecology (WSDOE). 1995. Summary of Guidelines for
Contaminated Freshwater Sediments, Publication 95-308. Olympia WA, March 1995.

41

9/4/2008

Belvidere Dam Fish Passage Alternatives Analysis – Draft Final Report

Appendix 1. Project Alternative Views
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Appendix 2. Cost Estimate Data
(Totals and subtotals rounded to two significant figures)
Partial Dam Removal Alternative
Item
Timber pilings removal
Concrete demolition
Care of water
Removal of riprap
Structure at Dam
Structure near Line 3
Structure near Line 2
Bank treatment
36" flexible pipe
Fusion machine
Excavation for pipe
Inlet catch basin
pipe outlet headwall
Channel regrading and restoration
Right bank reconstruction

Quantity
770
1150
1
3450
46600
36000
47100
100
2200
1
1500
1
1
1
150

Unit
ea
cy
ea
cy
cf
cf
cf
cy
lf
ls
cy
ea
ea
ls
lf

Mobilization
Miscellaneous and Contingency

Unit Cost
$150
$128
$100,000
$90
$5
$5
$5
$74
$147
$800
$11
$1,300
$3,500
$10,000
$480

Cost
$115,500
$147,200
$100,000
$310,500
$233,000
$180,000
$235,500
$7,400
$323,400
$800
$16,500
$1,300
$3,500
$10,000
$72,000

Subtotal

$1,800,000

10%
30%

$180,000
$540,000

Grand Total

$2,500,000

Rock Ramp Alternative
Item
Grouted riprap in front of notch
Coarse gravel to cobble fill
A4 riprap base
A7 riprap cover
Large boulders
Notching of cap (concrete demolition)
Grouting of notch
Debris deflector posts
Right bank reconstruction

Quantity
150
2900
2250
4800
1950
50
800
100
150

Unit
cy
cy
cy
cy
ls
cy
cf
lf
lf

Mobilization
Miscellaneous and Contingency
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Unit Cost
$154
$47
$62
$86
$220
$130
$65
$30
$480

Cost
$23,100
$136,300
$139,500
$412,800
$429,000
$6,500
$52,000
$3,000
$72,000

Subtotal

$1,300,000

10%
30%

$130,000
$390,000

Grand Total

$1,800,000
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Bypass Fishway Alternative
Item
Channel excavation and shaping
Sheet piling (w/o include tie-backs)
Handrail along sheetpiling
Monitoring of sewer pipeline
Rock riffles (not grouted)
Channel bottom armor (grouted rock)
Stoplog structure (aluminum)
Wood footbridge with rails
Right bank reconstruction

Quantity
9100
3800
150
1
400
200
1
1
150

Unit
cy
sf
lf
ls
cy
cy
each
each
lf

Mobilization
Miscellaneous and Contingency
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Unit Cost
$21
$28
$158
$5,000
$137
$154
$20,000
$35,000
$480

Cost
$191,100
$106,400
$23,700
$5,000
$54,800
$30,800
$20,000
$35,000
$72,000

Subtotal

$540,000

10%
30%

$54,000
$162,000

Grand Total

$760,000
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Appendix 3. Fish Passage Analyses
For each alternative, the specific hydraulic requirements established for each group of fish is
presented in the first table, and the subsequent tables present the quantitative results of the
hydraulic analyses for a range of flows. Because fish performance criteria in the literature is
generally provided in metric units, the hydraulic requirements in this appendix are shown in
those units (cm and cm/s), although flows are still presented in non-metric units (cfs) because
of greater general usage. The results in shaded boxes do not meet the relevant fish passage
criterion while the results in unshaded boxes do meet the criterion. Average boundary layer
velocities were calculated by height using average flow velocities and friction slopes from the
hydraulic model and assuming a logarithmic vertical flow distribution. The assumptions used
to establish the hydraulic requirements are presented in the memorandum dated January 18,
2008 (attached).
No Action Alternative

45

Requirements

Minimum Depth at Crest
(cm)

Maximum Velocity at Crest
(cm/s)

Strong Swimmers

17

110

Smallmouth Bass

13

56

Low Stamina Swimmers

20

110

Small Fishes

4

31

Flows (cfs)

Depth at Crest (cm)

Velocity at Crest (cm/s)

50

1.2 - Dam not submerged

49

100

1.5 -Dam not submerged

55

200

3.0 - Dam not submerged

77

500

5.5 - Dam not submerged

104

1000

9.1 - Dam not submerged

134

2000

14.3 - Dam not submerged

168

9/4/2008

Belvidere Dam Fish Passage Alternatives Analysis – Draft Final Report

Partial Dam Removal Alternative
Maximum Grade Control Crest
Velocity (cm/s)

Maximum Grade Control Ramp
Face Velocity (cm/s)

Strong Swimmers

Average of 137 cm/s
at 17 cm above crest

Average of 80 cm/s
below 22 cm above bottom

Smallmouth Bass

Average of 83 cm/s
below 13 cm above crest

Average of 60 cm/s
below 17 cm above bottom

Low Stamina
Swimmers

Average of 137 cm/s
below 20 cm above crest

Average of 42 cm/s
below 26 cm above bottom

Small Fishes

Average of 58 cm/s
below 4 cm above crest

Average of 45 cm/s
below 5.5 cm above bottom

Requirements

Average Grade Control Crest Bottom Velocity (cm/s) Beneath

46

Flows (cfs)

4 cm

13 cm

17 cm

20 cm

50

15

79

97

109

100

8

73

91

103

200

3

63

82

95

500

1

48

69

82

1000

4

39

60

74

2000

13

32

53

68
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Partial Dam Removal Alternative (cont.)
Avg. Grade Control Face Bottom Velocity (cm/s) Beneath

47

Flows (cfs)

5.5 cm

17 cm

22 cm

26 cm

50

5

53

68

78

100

2

10

15

20

200

3

10

16

21

500

3

13

22

28

1000

6

18

30

39

2000

10

27

46

60
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Rock Ramp Alternative
Maximum Notch Velocity
(cm/s)

Maximum Ramp Face Velocity
(cm/s)

Strong Swimmers

Average of 137 cm/s
below 17 cm above crest

Average of 73 cm/s
below 22 cm above bottom

Smallmouth Bass

Average of 83 cm/s
below 13 cm above crest

Average of 53 cm/s
below 17 cm above bottom

Requirements

Average of 35 cm/s
below 26 cm above bottom
Low Stamina
Swimmers

Average of 137 cm/s
below 20 cm above crest

Small Fishes

Average of 58 cm/s
below 4 cm above crest

or
Average of 110 cm/s below 26 cm
above bottom with boulders
spaced at 6 m or less
Average of 38 cm/s
below 5.5 cm above bottom

Average Notch Bottom Velocity (cm/s) Beneath

48

Flows (cfs)

4 cm

13 cm

17 cm

20 cm

50

1

18

25

29

100

1

27

39

46

200

1

66

92

109

500

10

42

50

55

1000

4

36

45

51

2000

1

30

41

48
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Rock Ramp Alternative (cont.)
Avg. Ramp Face Bottom Velocity (cm/s) Beneath
Flows (cfs)

5.5 cm

17 cm

22 cm

26 cm

50

5

53

68

78*

100

2

10

15

20

200

3

10

16

21

500

3

13

22

28

1000

6

18

30

39

2000

10

27

46

60*

* - Assumes large rocks at 6 m spacing

49
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Bypass Fishway Alternative
Maximum Ramp
Crest Velocity
(cm/s)

Maximum Ramp
Face Velocity
(cm/s)

Maximum
Resting Pool
Velocity (cm/s)

Minimum
Resting Pool
Depth (cm)

Strong Swimmers

Avg. of 137 cm/s
below 17 cm
above crest

Avg. of 82 cm/s
below 22 cm
above bottom

Avg. of 41 cm/s
below 22 cm
above bottom

44

Smallmouth Bass

Avg. of 83 cm/s
below 13 cm
above crest

Avg. of 62 cm/s
below 17 cm
above bottom

Avg. of 31 cm/s
below 17 cm
above bottom

34

Avg. of 137 cm/s
below 20 cm
above crest

Avg. of 44 cm/s
below 26 cm
above bottom

Avg. of 23 cm/s
below 26 cm
above bottom

52

Avg. of 24 cm/s
below 5.5 cm
above bottom

11

Requirements

Low Stamina
Swimmers

or using burst speed, average of
105 cm/s at these points
Small Fishes

Avg. of 58 cm/s
below 4 cm
above crest

Avg. of 47 cm/s
below 5.5 cm
above bottom

Average Ramp Crest Bottom Velocity (cm/s) Beneath

50

Flows (cfs)

4 cm

13 cm

17 cm

20 cm

50

9

73

92

104

100

7

71

90

102

200

5

66

86

98

500

1

59

79

92

1000

1

54

75

89

2000

3

44

66

81
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Bypass Fishway Alternative (cont.)
Avg. Ramp Face Bottom Velocity (cm/s) Beneath
Flows (cfs)

5.5 cm

17 cm

22 cm

26 cm

50

10

52

63

71*

100

8

49

60

68*

200

6

45

57

65*

500

3

41

53

62*

1000

1

37

50

59*

2000

1

35

48

56*

* - Able to traverse ramps at burst speed

Avg. Resting Pool Bottom Velocity (cm/s) Beneath

Flows (cfs)

Depth of Flow
in Resting Pool
(cm)

5.5 cm

17 cm

22 cm

26 cm

50

56

1

7

9

10

100

58

1

8

10

12

200

62

1

9

12

14

500

71

1

13

17

20

1000

82

1

15

21

25

2000

98

1

22

30

34

51
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