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The North Avenue Dam Feasibility Study examines the effects of removing or retaining the North 
Avenue Dam.  The study weighs, as well, the practicality of restoration measures to reestablish acceptable 
conditions for aquatic habitat.  In short, this study appraises four states effected by the following 
alternatives: dam retention with habitat restoration; dam retention without habitat restoration; dam 
removal with habitat restoration; and, dam removal without habitat restoration. This memorandum is one 
of 13, which considers the outcomes related to the alternatives for managing both the dam and river. The 
effects of the alternatives related to aquatic life, specifically the fish community, are the subjects of this 
report.   
 
This memorandum considers the following questions: 
 
1. What is the "existing" physical habitat quality?  What is the "existing" water quality habitat? 
 
2. Is the "existing" habitat quality acceptable?  If not, which variables limit the quality? 
 
3. What habitat restoration actions are demanded to attain an acceptable, quality habitat for smallmouth 

bass? 
 
4. Are the recommended habitat restoration actions for the dam retention and dam removal alternatives 

compatible with water resource management and fish management plans?  If not, what additional 
actions are needed? 

 
5. What are the institutional needs required implementing the recommended restoration? 
 
A forthcoming addendum will address the following related fishery issues:  (1) Extent of native and 
anadromous fish migrations beyond the North Avenue Dam should it be removed or modified as a fish 
migration barrier.  (2) Social, educational, security and safety issues, which may arise as a result of an 
enhanced recreational, sport fishery.  These issues may include the aesthetics of dead fish, private 
property trespassing, litter, noise, and possible changes in Fish Consumption Advisories and creel 
regulations. 
 
1.1  BACKGROUND:  STATUS OF THE MILWAUKEE RIVER FISHERIES 
  
The Milwaukee River provides for a diverse fish community.  Previous fish inventories conducted 
throughout the Milwaukee River Basin indicate the presence of 71 reproducing populations of fish 
species (Fago, 1984) (Appendix 1).  A comparison of pre-1967 versus post-1967 fish survey results 
indicates another six species may be extirpated from the Milwaukee River Basin.  This later group 
includes the american eel, hognose sucker, grass pickerel, lognose dace, ninespine stickleback and redside 
dace.  The basinwide list of resident species includes eight species receiving "special" management status. 
 They include one endangered species (striped shiner), two threatened species (greater redhorse and 
longear sunfish), and five species of special concern (least darter, redside dace, lake chubsucker, pugnose 
shiner and redfin shiner).   
 
Since 1967, 37 species have been collected from the Milwaukee River and its upstream tributaries in 
Milwaukee County alone.  Twelve of these species can be classified as recreational sport fish (Ball, 
1982).  This later list of sport fish does not include rainbow trout, coho salmon and chinook salmon which 
have been observed upstream of the dam since its gates were opened in December 1990.  Rainbow trout 
have been collected as far upstream as the Thiensville Dam, located approximately 16 river miles 
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upstream of the North Avenue Dam (Thompson, 1993). 
 
Based on our review of Becker (1983), the Milwaukee River sunfish fish community includes species, 
which appear to have no specific preference for riverine or lacustrine habitats.  However, members of the 
sucker, perch and minnow families may be represented by more species preferring riverine habitats.  
Seven of the eight special status fish species are more frequently observed in riverine cover types.  This 
group includes the longear sunfish, greater redhorse, redside dace, striped shiner, least darter, redfin 
shiner and pugnose shiner.  The lake chubsucker was most often-observed in lacustrine or small pond 
cover types. 
 
Recreational Fishing 
 
The Milwaukee River provides important recreational fishing opportunities for residents of southeastern 
Wisconsin, the state's most populated area.  A survey conducted by Pajak (1991) best demonstrates the 
Milwaukee River's contribution for providing "healthy and enjoyable outdoor recreation" (SEWRPC, 
1984).  The study results were based on interviews of 1,344 "river users" between May and September 
1990 along the mainstem Milwaukee River from the North Avenue Dam to Campbellsport in Fond du 
Lac County.  Major and minor tributaries were not included in the survey.  The author concluded the 
following points: 
 
· Anglers are the largest single user group recreating the mainstem of the Milwaukee River.  Anglers 

spent an estimated 80,413 hours fishing in 1990.  
 
· Most anglers are local residents.  Nearly all anglers (95%) were Wisconsin residents from the three 

county southeastern part of the state (Milwaukee, Ozaukee and Washington counties).  
Approximately 77% of the angling hours were spent downstream of Waubeka. 

 
· Fishing pressures on the river equals or exceeds that on area inland lakes. 
 
· Nearly all anglers (86%) drove 25 miles or less to fishing spots. 
 
· Out-of-state or "tourist" anglers included residents of Illinois, Indiana and Iowa.  This group was 

typically steelhead anglers fishing below the North Avenue Dam, the only source of anadromous 
species at the time of the survey. 

 
· Black anglers were the single largest group (40-70%) of the users from the North Avenue Dam to the 

Thiensville Dam (20 miles) in Ozaukee County.  White anglers comprised 71-100% of the anglers 
upstream of Grafton. 

 
· Sunfish species (green, pumpkinseed, bluegill) followed by rock bass and smallmouth bass were the 

most sought after and most frequently caught sport fish. 
 
· Free-flowing river reaches account for most of the fish catch compared to impounded reaches. 
 
· Harvest rates for all species are relatively high for the most contaminated (PCBs) species and sites 

(North Avenue Dam to Grafton). 
 
· Sunfish species (green, pumpkinseed, bluegill), rock bass and smallmouth bass are the most common 
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sport fish collected (surveyed) from Milwaukee County river reaches. 
 
Fish Tissue Contaminants 
 
PCBs limit fish consumption of Milwaukee River fish in several of the river's reaches.  Fish consumption 
advisories are in effect along 30 miles of the Milwaukee River—from its Milwaukee River Harbor mouth 
to the Lime Kiln Dam in Grafton, and along 7 miles of Cedar Creek from its confluence with the 
Milwaukee River to the Cedarburg Pond Dam in Cedarburg.  The risk attendant to consuming fish from 
Lake Michigan, the Milwaukee River and Cedar Creek vary according to the waterbody, species,  size 
(age) and lipid content.  Table 1 is an excerpt from the annual consumer health guide for fish taken from 
Wisconsin's surface waters, which include the Milwaukee River and Lake Michigan.  The guides lists 
species that are known to inhabit or could inhabit the Milwaukee River if the dam were removed or 
modified to allow anadromous and resident fish passage to upstream reaches.  
 
The major source of PCB contamination in the Milwaukee River fish community and other wildlife are 
derived from large PCB contaminated deposits of soft sediment (clay-silt size material).  These deposits 
are primarily centered in four Cedar Creek impoundment's in Cedarburg and the Milwaukee River 
impoundment's located at Thiensville, Estabrook Park, and North Avenue.  The Milwaukee Estuary also 
contains significant deposits of PCB-laden sediments (Wawrzyn and Wakeman, 1986; Christensen et al. 
1992; Westenbroek, 1993 and 1994).  Directed by the WDNR, sediment remediation actions in the Cedar 
Creek Watershed have been initiated.  (For complete discussion, refer to Technical Memorandum No. 3 
Sediment Quality and Quantity). 
 
Table 1: Health Guide for People Who Eat Sport Fish from Wisconsin Waters: Species 

Known or Suspected to Inhabit the Milwaukee River, Milwaukee Estuary and Lake 
Michigan (WDNR and WDH, 1993). 

 

 Waterbody Group 1 
These fish pose the lowest 
health risk 

Group 2 
Women and 
children should not 
eat these fish 

Group 3 
No one should eat 
 these fish. 

Lake Michigan Lake trout to 20" 
Coho salmon to 26" 
Chinook salmon to 21" 
Brook trout 
Rainbow trout 
Pink salmon 
Smelt 
Yellow perch 

Lake trout 20-23" 
Coho salmon over 
26" 
Chinook salmon 21-
32" 
Brown trout to 23" 

Lake trout over 
 23 * 
Chinook salmon over 
32" 
Brown trout over 23" 
Carp 
Catfish 

Milwaukee River from mouth 
to North Avenue Dam  

Yellow perch  Crappie 
Northern pike 
Carp *  
Redhorse 
Smallmouth bass 
White sucker 
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 Waterbody Group 1 
These fish pose the lowest 
health risk 

Group 2 
Women and 
children should not 
eat these fish 

Group 3 
No one should eat 
 these fish. 

Milwaukee River from  North 
Avenue Dam to Lime Kiln Dam 
in Grafton 

Rock bass to 8.5" Redhorse Northern pike 
Carp 
 

Cedar Creek from  confluence 
with Milwaukee River to 
Bridge Rd. in Cedarburg  

  ALL SPECIES * 

   
   * Ninety percent or more of Group 3 fish marked with asterisk contain PCB exceeding the 2 mg/kg 

advisory levels. 
 
 
Commonly, rainbow trout are preferred as sport fish; rainbow trout also present the lowest health risk to 
consumers.  On the other hand, carp, although abundant, are less sought for sport.  In addition, because of 
the species high fat content, carp have the potential to absorb greater amounts of contamination.  WDNR 
encourages recreational "catch and release" fishing in lieu of recreational consumption and subsistence 
fishing until PCB contamination is abated.  Subsistence fishers have been observed below the North 
Avenue and Estabrook dams and at Kern, Pleasant Valley parks and the along the Milwaukee River 
Parkway in Lincoln Park. 
 
1.2  NORTH AVENUE DAM FEASIBILITY STUDY 
 
The Wisconsin Department of Natural Resources introduced the North Avenue Dam Feasibility Study as 
a recommendation in the Milwaukee River South Integrated Resource Management Plan (1991).  WDNR 
based its request for additional study on degraded water, sediment and habitat conditions indicated by 
earlier sampling results. 
 
The ensuing North Avenue Dam Feasibility Study is being conducted by Woodward-Clyde Consultants.  
The conclusions of the study will be founded on technical memorandums, which related to the 
management alternatives, assess the effects on water and sediment quality, flood control and hydraulics, 
park, recreation, land use and land ownership, fish and wild life, groundwater, utilities and infrastructure, 
and costs. The point of the study is to guide the City of Milwaukee and other effected local units of 
government, the state and private property owners in the management of both the North Avenue Dam and 
the resources encompassed in its impoundment.   Because the boundaries of the study area extend beyond 
the City of Milwaukee, the conclusions of this study may have, too, implications for a myriad of upstream 
interests, which include the Village of Shorewood and Milwaukee County as well as private landowners. 
 
The initial point the study reconsiders is maintenance of the dam structure.  Located just south of North 
Avenue, the dam was first constructed to regulate the water level in the Milwaukee and Rock River 
Canal; this was part of an ambitious scheme to link the Milwaukee River and the Rock River with a man-
made waterway.  The canal company was chartered in 1836, but only about one mile of the canal was 
completed before the project was abandoned.  Today, the City of Milwaukee maintains the dam. 
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The following problems characterize the North Avenue Dam impoundment prior to the December 1990 
drawdown: 
  
 · Extreme fluctuations in dissolved oxygen levels 
 · Elevated levels of turbidity 
 · Overabundance of algae and macrophytes 
 · Elevated water temperatures 
 · Overabundance of bacteria 
 · Poor physical habitat 
 · Sedimentation 
 · Contaminated sediment 
 
Of the above concerns, the contaminated sediment accumulated at the impoundment is the most critical.  
The feasibility study recognizes that the future biological integrity and water quality improvement 
depends on managing the contaminated sediment and preventing future sediment contamination from 
upstream sources (See Technical Memorandums Task 3.0 Sediment Quality and Quantity and Task 11 
Sediment Management for discussion).  
 
1.3 Study Area 
 
The study area encompasses a 2.4-mile reach of the Milwaukee River between the North Avenue Dam 
and the Capitol Drive bridge.  In December 1990, the City of Milwaukee opened the gates of the North 
Avenue Dam to replace a watermain and bridge, causing a drawdown.  The drawdown is expected to be 
until a decision is made to retain or remove the dam. 
 
The table below lists the physical characteristics of the study area before and after the December 1990 
drawdown.  As indicated, the pre-drawdown conditions more closely reflect a dam retention alternative 
and the post-drawdown conditions more closely reflect a dam removal alternative, assuming no habitat 
restoration practices or other management actions are implemented. 
 
Table 2: Physical Characteristics of the Study Area Before and After December 1990 

Drawdown. 
 

Characteristic * Pre-Drawdown 
(impounded) 

Post-Drawdown 
(free-flowing) 

Represents dam retention alternatives dam removal alternatives 

Surface Area 81 acres 37 acres 

Channel Width Range     
"      "   Average 

217 ft - 348 ft 
276 ft 

80 ft - 158 ft  
121 ft 

Bend to Bend Ratio 
Range 

not applicable 14 to 27 

Storage Ratio <0.01 not applicable 
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Characteristic * Pre-Drawdown 
(impounded) 

Post-Drawdown 
(free-flowing) 

Brief Description Due in part to its small storage 
ratio (<0.01) and narrow basin, the 
impoundment is characterized with 
a well developed meandering 
thalweg, and alternating shallow 
submerged point bar system. 

Stream is characterized as 
moderately deep runs from the dam 
to approximately Burleigh Street 
extended.  Upstream of Burleigh 
Street to Capitol Drive the river is 
characterized as alternating riffle 
and runs, and an occasional pool.  
The stream channel follows the 
alignment of the former 
impoundment thalweg. 

* Observed characteristics based on normal hydrological conditions: pre-drawdown 426 cfs;          
post-drawdown 265 cfs 

 
1.4 Assumptions 
 
Hereafter, the following terms will be representative of the four alternatives this memorandum, as well as 
the North Avenue Dam Feasibility Study, considers.  The alternatives couple management options for 
both the structure and the habitat encompassed in the impoundment. 
 
 Alternative 1 (Dam Retention - Without Habitat Restoration).  The impounded condition 

which existed in the North Avenue impoundment before the December 1990 drawdown. 
Assumes the dam gates are closed and habitat restoration or other management options are not 
implemented. 

 
 Alternative 2 (Dam Retention - With Habitat Restoration).  Describes the conditions, which 

could exist if the dam were retained.  Assumes the dam is retained and certain habitat 
restoration management options are implemented.  For this evaluation, habitat restoration 
involves the following activities: addition of rocky substrate; mechanical aeration; dredging; 
and, the addition of cover (i.e. brush, pools, deflectors and riprap). 

 
 Alternative 3 (Dam Removal - Without Habitat Restoration).  The free-flowing condition 

which currently exists in the North Avenue impoundment study area after the December 1990 
drawdown.  Assumes the dam gates are left open and habitat restoration or other management 
options are not implemented.   

 
 Alternative 4 (Dam Removal - With Habitat Restoration).  The condition which could exist 

if the dam were removed.  Assumes the dam is removed and certain habitat restoration or other 
management options are implemented.  For this evaluation, habitat restoration involves the 
following activities: addition of rocky substrate; mechanical aeration; dredging; and, the 
addition of cover (i.e. brush, pools, deflectors and riprap). 
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For purposes of this assessment, partial and complete dam removal as defined by Woodward-Clyde 
Technical Memorandum Task No. 7.0 (WCC, 1993a) differ only by the extent of the dam structure to be 
modified or removed.  Therefore, these two alternatives will be assumed to have similar effects on the 
local fish community. 
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2.1  STUDY DESIGN  
 
To appraise the  habitat quality and potential carrying capacity of the resident fish population, we selected 
a Habitat Suitability Index (HSI) model which we applied for smallmouth bass (Micropterus dolomieu) 
and common carp (Cyprinus carpio)  (United States Fish and Wildlife Service, 1981; Edwards and 
Twomey, 1982; Edwards et al. 1983).  The model, its application to this study, and the reasoning behind 
the selection of smallmouth bass and carp are discussed below. 
 
About the HSI Model 
 
HSI models distinctly evaluate for fish and wildlife the effects of water and land use changes.  For each 
habitat variable and major life requisite, the model charts subindex curves. The variables weighed in this 
application are grouped as physical habitat and water quality habitat. This HSI model does not address the 
influences of toxic contaminants, fishing pressure or species competition. 
 
Physical Habitat 
 
For this evaluation, physical habitat is judged as cover, substrate type, vegetation, water depth and 
gradient. Substrate type is important for the permanence of many fish species.  For smallmouth bass, 
broken rock substrates provide protection and cover for invertebrate food production.  Equally important 
for smallmouth bass are pool depths.  Deep riverine pools and deep lacustrine cover provide smallmouth 
bass with dark, quiet areas for shelter. Vegetation such as macrophytes, stumps, trees, boulders and 
crevices additionally provide the species protection and net food.  In comparison, common carp prefer 
waters that are eutrophic, relatively shallow,  sluggish and silt-bottomed.  The latter conditions 
characterize "pre-drawdown" states.  For carp, dense and abundant macrophytes provide  cover and 
means for food production.  
 
Cover holds import for reproduction, as well.  In the case of smallmouth bass, the species requires a clean 
stone, rock or gravel substrate for spawning.  Similarly, water depths can influence reproductive success.  
Rising water may flush nest areas with cold water, leading to nest desertion and halting embryo 
development.  Reversely, falling water levels may limit water circulation around the eggs, drive guarding 
males from nests thus increasing predation.  For carp, warm, shallow, stagnant and  vegetated waters are 
the preferred spawning environment.  
 
Water Quality Habitat    
 
Water quality habitat describes dissolved oxygen, pH, turbidity, dissolved solids and temperature.  Each 
of these elements may affect survival and growth.  Not considered in this model are toxic substances, 
which may be present in the sediments, collected at the North Avenue Dam impoundment. 
 
Index Rating 
 
HSI model output is standardized to provide a numerical index of habitat suitability on a 0.00 (minimum 
habitat) to 1.00 (optimum habitat) scale, assuming that there is a relationship  between the index and the 
carrying capacity of the study area. 
 
Subindex curves for each habitat variable and each major life requisite (food, cover, reproduction, water 
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quality, etc.) are also rated from 0.00 to 1.00   The quality of habitat is based on the ability of the habitat 
to meet the species needs for each of the major life requisites (figures 1-4). 
 
Habitat Suitability Index variables and ratings may be modified to reflect species response to local or 
regional environmental conditions.  The validity of modified subindex curves is dependent on the quality 
and quantity of information used to generate the curve. 
 
How We Applied the HSI Model 
 
We modified the smallmouth bass lacustrine and riverine HSI model Habitat subindex ratings for percent 
rocky substrate, maximum thalweg/reservoir depth, and percent cover in order to make it consistent with 
the ratings proposed for the Fish Habitat Rating (FHR) System for Wisconsin Rivers (Simonson et al. 
1994).  The FHR System was developed with a focus on smallmouth bass.  We did not modify the 
lacustrine and riverine models for carp. 
 
We calculated subindex values for each habitat variable and each life requisite (food, cover, water quality, 
reproduction).  We then calculated HSI values for each reach and the entire study area.  The average HSI 
value for the entire study area was calculated by weighing the individual reach subindex values by their 
respective areas (acres).  The weighted HSI values were calculated for the lacustrine and riverine models 
results.  Lacustrine and riverine model versions were initially calibrated to assess "existing" habitat 
quality for the pre-drawdown and post-drawdown alternatives.  The calibrated models were re-run to 
assess the benefits or impacts of implementing habitat restoration practices.    
 
Representative Species 
 
We selected smallmouth bass for HSI analysis because of their watershed distribution, importance to 
Milwaukee River Basin fisheries management objectives, and associated water quality requirements 
(Pajak, 1992).  This choice was also based on the assumption that the habitat requirements for smallmouth 
bass are similar to the habitat needs of preferred native game and nongame fish, anadromous fish, and 
invertebrate communities present in the Milwaukee River Watershed. 
 
Common carp also were selected because of their distribution and importance to fisheries management 
objectives, but from an opposite perspective.  In some habitats, large carp populations have been shown to 
negatively affect native species, either through direct competition for resources or destruction of preferred 
habitat.  It has been suggested that when carp are abundant, their preferred habitat should be minimized 
provided the measures do not negatively impact native species (Sigler, 1958; Mraz and Cooper, 1957).   
 
Study Area 
 
For the purposes of this assessment, the study area was divided into three reaches.  The beginning and end 
of each reach parallel cross sections previously described by Woodward-Clyde Consultants.  These 
reaches were delineated based on sediment texture, water depth and cover.  For "pre-drawdown" 
conditions, dam retention without habitat restoration, Woodward-Clyde Consultants provided surface area 
measures.  WDNR calculated surface areas for "post drawdown" conditions.  The surface area measures 
were used then to calculate HSI and subindex values for each reach.  The purpose for segmenting the 
study area was to allow WDNR to collect and interpret the habitat data more accurately and recommend 
habitat restoration actions for specific sites.  
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Tables 3 and 4 below lists the established reach boundaries, average width, length, and surface area for 
each reach. 
 
Table 3: Dimensions of the Three Impounded Study Area Reaches. 
 

Reach Location Average 
Width 
(ft) 

Length  
(ft) 

Area 
(ac) 

1 North Avenue Dam to cross-section 8  
(Dam to approx. Locust St.)  

348 
 

4,741 37.5 

2 Cross-section 8 to cross-section 12 (approx. 
Locust St. to Burleigh St. extended) 

260 
 

3,571 21.3 

3 Cross-section 12 to cross-section 15 
(approx. Burleigh St. to Capitol Dr.) 

217 
 

4,387 21.9 

Total  Avg:  275 12,699 80.7 

 
 
Table 4: Dimensions of the Three Free-Flowing Study Area Reaches. 
 

Reach Location Average 
 Width 

(ft) 

Length  
(ft) 

Area 
 (ac) 

1 North Avenue Dam to cross-section 8 (Dam 
to approx. Locust St.)  

80 
(55 - 97) 

3,860 9.2 

2 Cross-section 8 to cross-section 12 (approx. 
Locust St. to Burleigh St. extended) 

125 
(99 - 148) 

3,856 10.5 

3 Cross-section 12 to cross-section 15 
(approx. Burleigh St. to Capitol Dr.) 

158 
(90 - 211) 

5,012 17.4 

Total  Avg:  121 12,728 37.4 

 
 
Physical Habitat Evaluation 
 
The data to evaluate the physical habitat of the study area for the dam retention and dam removal 
management alternatives came from both previous data and measurements collected for (this) North 
Avenue Dam Feasibility Study.  Sources and collection methods for physical habitat data are described 
below for each alternative. 
 
Dam Retention Alternatives 
 
We collected physical habitat data for the HSI model in conjunction with an August 1990 fish kill 
investigation and subsequent surveys in August 1993, following drawdown of the North Avenue 
impoundment (WDNR, 1991).   
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We made qualitative and quantitative observations of key physical habitat variables including maximum 
water depth along the thalweg and littoral (submerged mudflat) areas, percent coverage by macrophytes, 
substrate texture, and percent available cover for adult fish.  We made all observations from a V-hull boat. 
 We estimated water depth, substrate texture, and percent cover using a depth calibrated steel sounding 
rod and visual observations.  Depth was also estimated using a Lowrance electronic depth finder.  We 
could not always navigate transects from bank to bank because of shallow depths (<1.5 ft.), especially 
downstream of Locust Street.  Still, we were able to conclude the shallow littoral  area habitat is very 
homogeneous in all reaches south of Locust Street. 
 
We also estimated or verified pre-drawdown observations for substrate texture and percent available 
cover for adult fish following drawdown of the impoundment using methods identified below (post-
drawdown).  We estimated percent littoral area and percent coverage by macrophytes by delineating the 
surface area of point bars (sediment flats) following drawdown of the impoundment and making direct 
comparisons to observed pre-drawdown conditions. 
 
Dam Removal Alternatives 
 
To assess the dam removal alternatives, in August 1993 we collected habitat data for the HSI model.  We 
collected physical data according to guidelines developed for Wisconsin rivers (Simonson, et al. 1994).  
Observations for key physical habitat variables included transect width, maximum thalweg water depth, 
substrate texture by percent, percent available cover for adult fish, bank stability by percent, and bank 
cover type.  We made quantitative observations and obtained photographs along 18 transects, and 
qualitative observations between each of the transects.  We calculated the available physical habitat (for 
each habitat variable) in each reach by weighing the physical habitat variable by their respective transect 
area. 
 
Water Quality Habitat Evaluation 
 
We obtained water quality data from the study area collected before and after drawdown of the 
impoundment in December 1990.  The data were collected both independent of, and specifically for, the 
North Avenue Dam Feasibility Study.  Sources and collection methods for water quality habitat data are 
described below for each alternative. 
 
Dam Retention Alternatives 
 
We evaluated water quality data collected by the Milwaukee Metropolitan Sewerage District (MMSD, 
1975, 1980-1990), the Wisconsin Department of Natural Resources (WDNR, 1990), and DeWild (1987).  
These data were collected at the North Avenue Dam station (RI-05) between October 1975 and the 
December 1990 drawdown.  Water quality parameters required for the smallmouth bass and common carp 
lacustrine versions of the HSI model included dissolved oxygen (mg/l), temperature (C), pH (su), total 
dissolved solids (mg/l) and turbidity (HTUs).  Water quality summary statistics were calculated using 
STATGRAPHICS Plus (ver. 6.0) software.  Sufficient water quality habitat data is only available for 
reach 1, between Locust Street and the North Avenue dam.  Therefore, we assumed that water quality was 
global among the three reaches. 
 
Dam Removal Alternatives 
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We evaluated water quality data collected and reported by the Milwaukee Metropolitan Sewerage District 
(MMSD) and the Wisconsin Department of Natural Resources (WDNR).  All samples were collected at 
the North Avenue Dam station (RI-05) between April 1991 and October 1993, following the 
impoundment drawdown.  Water quality parameters required for the smallmouth bass and common carp 
riverine HSI model include dissolved oxygen (mg/l), temperature (C), pH (su), and turbidity (HTUs).  
Water quality summary statistics were calculated using STATGRAPHICS Plus (ver. 6.0) software.  
Sufficient water quality habitat data is only available for reach 1, North Avenue Dam to Locust Street.  
Therefore, we assumed that water quality was global among the three reaches. 
 
2.2  EXISTING HABITAT 
 
The following sections identify acceptable habitat quality for the HSI model.  We selected these 
definitions for planning purposes recognizing that more detailed and site-specific analysis would be 
completed prior to habitat restoration implementation.  
 
Acceptable Habitat  
 
We defined a minimum HSI value of 0.50 as suitable habitat quality for smallmouth bass.  We defined the 
same value, 0.50, as the maximum HSI value for common carp.  We evaluated acceptable habitat quality 
on a reach-by-reach and overall study area basis.  This value corresponds to the median of the full range 
of potential HSI values (0.0 to 1.00).  The minimum HSI 0.50 value for suitable habitat quality was 
previously applied for fisheries management planning purposes in the Milwaukee River Basin (Pajak, 
1992).  These plans, along with water resource management plans, advocate maximizing available habitat 
for smallmouth bass—and other preferred non-game species—while to the extent practicable, minimizing 
habitat for common carp.  see page 9 for discussion on why smallmouth bass and common carp were 
selected). 
 
Existing Conditions 
 
We calculated HSI values for the two existing or no-action conditions: Dam Retention - Without River 
Management Actions and Dam Removal - Without River Management Actions.  Reach-by-reach, we 
compared overall HSI values and life requisite subindex values for smallmouth bass and common carp. 
 
Limiting Variables 
 
We identified individual habitat variable subindex values for smallmouth bass at less than 0.25 as being 
limiting and potentially in need of restoration to improve overall fish and other aquatic life habitat.  This 
definition was previously applied for fisheries management planning purposes in a similar habitat 
restoration project located and successfully implemented in the Milwaukee River Basin (Pajak and 
Nelson, 1987). 
 
2.3  HABITAT RESTORATION 
 
In consideration of the limiting variables, we evaluated habitat restoration practices for smallmouth bass 
using a two-tier approach.  We judged restoration practices based on technical and institutional feasibility 
and effectiveness. 
 
Feasibility 



2.0  Methods  
 

  
 

FISHERIES HABITAT TM 
 
 13

 
In our evaluation of the feasibility of a restoration practice, we considered practicality, ease of 
implementation and institutional demands. 
 
We defined practicality as: 
 
 · agreement with other Technical Memorandum 
 · level of technology 
 · availability of materials 
 · residuals produced 
 · permanence of practice 
 
Ease of implementation we defined as:  
 
 · compatibility with site conditions 
 · ability to obtain federal, state and local permits 
 
Finally, we judged  institutional feasibility on the following: 
 
 · public and agency acceptance 
 · implementation, operation and maintenance responsibilities. 
 · costs 
 
Effectiveness 
   
We assessed the ability of each feasible habitat restoration practice to produce acceptable habitat quality 
for smallmouth bass.  For comparison, we also looked at the influence of the practice on common carp.  
We performed this assessment for each reach in each of the states effected by the alternatives.  We did 
this by applying the HSI model through the following steps. 
 
 1. Modification.  We modified the "existing" calibrated model data set to reflect the type 

and quantity of habitat(s) to be restored on a reach-by-reach basis.  Professional judgment 
was used to select the least expensive and least difficult habitat restoration for the initial 
analysis. 

 
 2. Re-Test.  The model is re-run with the habitat restoration practice(s) installed, adding 

additional habitat and completing additional model runs, until the HSI value reaches 0.50 
or no longer improves.  The later condition would be caused by the habitat restoration 
variable subindex value being maximized or decreasing. 

 
 3. Re-modification. If after step 2 above, the HSI value fails to reach the 

acceptable level of 0.50 on a reach-by-reach or overall basis, we repeat steps 1 
and 2 above for additional habitat restoration practices. 

 
2.4  EXISTING PLANS   
 
We evaluated the compatibility of the recommended fish habitat restoration actions for the dam retention 
and dam removal alternatives to the objectives set forth in water resource management and fish 
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management based plans, and recommended additional management actions when necessary.  This was 
accomplished according to the following steps: 
 
 1. We identified and reviewed water resource management and fish management based 

plans and identified those objectives, which may be effected by various dam and habitat 
restoration alternatives. 

 
 2. We evaluated the compatibility of the recommended habitat restoration action for each 

dam management alternative to the applicable plan objectives. 
 
 3. We recommended additional fish, dam and habitat restoration actions whenever the 

recommended habitat restoration actions in conjunction with the dam retention or dam 
removal alternatives failed to meet the plan objectives. 

 
Water Resource Management and Fish Management Plan Objectives  
 
The decision to retain or remove the dam may effect the goals and objectives contained in the Milwaukee 
Estuary Remedial Action Plan (WDNR, 1993)  and  Lake Michigan Integrated Fisheries Management 
Plan  (WDNR, 1994).  These plans contain specific water resource and fish management goals and 
objectives which affect a wide geographic area including the North Avenue Dam study area, the 
Milwaukee River Watershed, harbor estuary and Lake Michigan proper.  How the North Avenue Dam,  
its impoundment, and the Milwaukee River are managed  may influence the ability of these plans to meet 
their stated goals and objectives.  Therefore, a decision to implement the dam retention or dam removal 
alternative and related  habitat management actions should be based partly on their ability to meet the 
various plans' goals and objectives.   
 
The following section identifies those goals for the plans mentioned:  (refer to Appendix 7 for a complete 
reference of plan goals and objectives).  
 
Milwaukee Estuary Remedial Action Plan 
 
 Goal 4: Establish high quality fisheries and urban wildlife populations free from toxic 

 contamination and other human-made hazards. 
 
 Goal 5: Develop high quality aquatic and wildlife habitats. 
 
The goals and objectives set forth in the Milwaukee Estuary Remedial Action Plan list some of the 
desired species of fish and urban wildlife populations in the study area.  They also describe aquatic and 
wildlife habitat restoration and protection necessary to achieve healthy aquatic and terrestrial wildlife 
populations. 
 
Lake Michigan Integrated Fisheries Management Plan (Draft) 
 
 Goal 1 Support a diverse, balanced and healthy ecosystem. 
 
 Goal 2 Sustain a diverse multi-species sport fishery within the productive capacity of the lake. 
 
The goals and objectives set forth in the Lake Michigan Integrated Fisheries Management Plan (draft) 
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refer to a broad ecosystem approach to managing the fisheries of Lake Michigan, including its tributaries. 
 
North Avenue Dam Feasibility Study 
 
Following from the goals established by these previous plans, this technical memorandum establishes the 
objectives below for the aquatic resources bounded by the North Avenue Dam and its impoundment 
upstream to Capitol Drive: 
 
 1. Eliminate the need for fish and wildlife consumption advisories and reduce toxic 

contamination to levels that do not adversely affect other biota. 
 
 2. Establish high quality fisheries by restoring both cold water and warm water species 

such as yellow perch, northern pike, smallmouth bass, walleye, trout and salmon, etc. 
 
 3. Protect against significant infestations of the sea lamprey, zebra mussel and other 

undesirable exotic species. 
 
 4. Establish a balanced predator/prey ratio in the resident fish community. 
 
 5. Upgrade aquatic conditions and provide streambank vegetation and in-stream habitat to 

restore, to the extent possible, species historically present but currently lost or present 
only in small numbers. 

 
 6. Evaluate and implement recommendations regarding removal or modification of 

human-made obstructions along the river which restrict navigation and natural fish 
movement, spawning, feeding, protection, development or winter habitat. 

 
 7. Restore and/or enhance upstream fish and wildlife habitat. 
 
 8. Protect upstream wetlands from any further loss or degradation and increase wetlands 

by restoration wherever feasible. 
 
 9. Improve near-shore fishing opportunities. 
 
Additional Fish, Dam and Habitat Restoration Needs 
 
We evaluated the compatibility of the various dam retention and dam removal alternatives and their 
recommended habitat restoration actions to the nine plan objectives above.  We recommended additional 
dam and habitat restoration actions whenever the combination of recommended habitat restoration actions 
and dam retention or dam removal alternatives failed to meet the plan objectives. 
 
2.5   IMPLEMENTATION NEEDS 
 
We prepared an implementation strategy for each of the four potential dam and habitat restoration 
alternatives previously identified in section 1.4 Assumptions.  These alternatives appear to be the only 
possible short term or long term dam and habitat restoration alternatives available to the study area.    
 
More simply, the strategy attempts to answer the following questions introduced by the alternatives: 
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· What are the costs for implementing the various dam and habitat restoration alternatives? 
 
· Who are the lead and cooperating implementing entities? 
 
· What are the potential funding mechanisms? 
 
· What are the regulatory requirements? 
 
· What is the schedule? 
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Below are the results arrived at from methods described in section 2.0.  The discussions that accompany 
these results answer the following questions: 
 
3.1 What are the instruments for evaluating "existing" physical and water quality  habitat? 
 
3.2 What is the "existing" physical habitat quality?  What is the existing water quality habitat? 
 
3.3 Is "existing" habitat quality acceptable?  If not, what are the limiting variables? 
 
3.4 What habitat restoration actions are demanded to attain acceptable habitat quality for smallmouth 

bass? 
 
3.5 Are the recommended habitat restoration actions for the dam retention and dam removal 

alternatives compatible with related water resource management and fish management  plans?  If 
not, what additional fish, dam and habitat restoration actions are needed? 

 
3.6 What are the institutional needs required to implement the recommended habitat restoration 

actions? 
 
3.1  STUDY DESIGN 
 
The following sections present HSI results for the study area under alternatives 1 and 3, which are 
described as existing or no-action conditions.  Alternative 1 (Dam Retention - Without Habitat 
Restoration) and Alternative 3 (Dam Removal - Without Habitat Restoration) represent the study area 
before and after the drawdown.  The discussions that follow assume that the conditions Alternative 1 
describes reflect those prescribed by Alternative 2 (Dam Retention - With Habitat Restoration).   
Similarly, the conditions Alternative 3 describes parallel those  in Alternative 4 (Dam Removal - With 
Habitat Restoration). 
 
HSI model data are presented for smallmouth bass and common carp in both lacustrine (dam retention) 
and riverine (dam removal) conditions.  Appendices 1-4 contain a detailed description of the physical and 
water quality habitat variables, assumptions, and resulting subindex values.  These data are presented on a 
reach-by-reach basis.  
 
Study Area 
 
The study area was delineated into three homogenous reaches. Reach 1 extends approximately from the 
North Avenue Dam to Locust Street.  Roughly, Locust Street to Burleigh Street describes Reach 2.  Reach 
3 continues from  Burleigh Street to Capitol Drive (refer to tables 3 and 4, 2.0 Methods). 
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3.2  PHYSICAL HABITAT EVALUATION 
 
Dam Retention Alternatives 
 
Bank 
 
The boundary of submerged point bars approximate the location of sediment flats exposed following the 
December 1990 impoundment drawdown.  The banks along the impoundment are well vegetated and 
stable.  Man-made shoreline with fill of unknown quality is present along Hubbard Park and the west 
shoreline downstream of North Avenue.  Concrete retaining walls are located along the City of 
Milwaukee pumping station and private lots along the east shoreline downstream of North Avenue. 
 
Depth 
 
Prior to the December 1990 drawdown, maximum thalweg depth was measured at 10 ft between the dam 
and Chambers Street extended.  Between Burleigh Street extended and Capitol Drive, the maximum 
thalweg depth measured 5 ft.   Maximum water depths along the larger submerged point bars range from 
0.3 to 1.5 feet. 
 
Substrate 
 
Prior to the December 1990 drawdown, the thalweg comprised approximately 30% of the cross-section 
from the dam upstream to Humboldt Avenue.  The thalweg becomes less discernible as the river 
progresses from Humboldt Avenue to the top of the impoundment near Capitol Drive.  Thalweg sediment 
texture is 100% silt-clay from the dam to Humboldt Avenue, with thickness ranging from > 5 ft to a few 
inches upstream of Humboldt Avenue.  Farther upstream,  the thalweg substrate becomes a mixture of 
fine gravel, sand and silt marked with interstitial spaces of boulder, cobble and gravel.  Along the point 
bar, sediment texture is 100% silt-clay, as well.  The fine textured sediment is typified as anaerobic and 
"oily" as evidenced by the release of methane, hydrogen sulfide, and petroleum residue when disturbed.  
 
Cover/Vegetation 
 
Shallow or littoral areas make up a large percentage of the available cover type in the impoundment.  
Percent littoral area was estimated at 45%, 33% and 78% in reaches 3, 2, and 1, respectively.  The point 
bars located upstream of North Avenue, adjacent to Gordon Park and Kern Park were covered by a dense 
bed of Myriophyllum spp.  These are the largest and shallowest of the point bars located in the 
impoundment.  Macrophyte coverage in each of the reaches range from 23 % in reach 3 to 33 % in reach 
2.   
 
Adult fish cover was rare to absent with the exception of some concrete debris beneath the Locust Street 
bridge, occasional dead fall trees, and some boulder-sized substrate upstream of Humboldt Avenue 
extended.  Despite extensive macrophyte cover, suitable adult fish cover was limited to the edge of the 
macrophyte beds due to shallow water depths and poor water quality within the beds.  Most of the 
potential cover was present in the form of woody debris and deadfalls.  However, this material was almost 
exclusively found along the shoreline where shallow cover water depths (<1.0 ft) nullified its utility as 
adult cover.  Available adult fish cover was estimated at 3.8%, 1% and 0.5% for reaches 3, 2, and 1, 
respectively.  These estimates are based on cover observed primarily in the newly scoured thalweg and 
free-flowing channel following the drawdown.  Actual cover in the pre-drawdown impoundment was 
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probably less. 
 
Dam Removal Alternatives  
 
Bank 
 
The boundary of "sediment flats" approximate the former impoundment submerged point bars.  
Generally, these sediment flats have formed on the inside of bends.  We estimated approximately 5,500 ft 
of sediment flat banks are unstable to varying degrees.  This estimate is approximately 2,500 ft less than 
that previously estimated by Woodward-Clyde Consultants (WCC, 1993b and 1993d).  The most unstable 
sediment flat banks exist between the dam and Chambers Street extended where bank material is 
dominated by silt-clay.  The sediment flat located between Concordia Avenue extended and Keefe 
Avenue extended are dominated by sand-silt, have a more gradual slope and are less erodible.  Sediment 
flats are nearly absent between Keefe Avenue and Capitol Drive.  Exposed banks are generally stable 
with well vegetated or rocky covered slopes of 2:1 or 3:1.  By comparison to the inside bend and 
sediment flats, the outside bends of the sediment flats are relatively stable.  They are located in what 
appears to be the original channel alignments.  These banks are generally well vegetated by grass and 
woody shrubs, and/or rocky material.  The plant community along the sediment flats are indicative of a 
disturbed wetland.  The plant community is dominated by facultative and facultative wetland species 
(Halverson, 1994). 
 
Depth 
 
During summer base flow periods, maximum thalweg depth ranges from 5 ft between the dam and 
Burleigh Street, to approximately 3 ft upstream of Burleigh Street to Capitol Drive.  Channel 
characteristics in reach 3 consist of moderately deep riffles (0.5-1.0 ft) and runs.  Reaches 2 and 3 are 
dominated by moderately deep runs, approximately 5 ft.  Riffles in Reaches 2 and 3, when present, are 
shallow, less than 0.5 ft.    
 
Substrate 
 
Substrate is dominated by cohesive silt-clay over coarser till between the dam and Burleigh Street 
extended.  Depths of the silt-clay layer range from 5 ft at North Avenue to 1 ft at Burleigh Street.  These 
cohesive and fine textured sediments are not highly anaerobic.  Sediment odors in this reach are earthy or 
musty.  Upstream of Burleigh Street, to approximately Concordia Avenue extended, the substrate is 
armored by a thin layer (2-3 inches) of non-cohesive medium gravel and  coarse sand with some cobble 
over a cohesive mixture of sandy-clay.  When present, the cohesive layer rarely exceeds 0.5 to 1.0 ft in 
thickness.   Upstream of Concordia Avenue to Capitol Drive, substrate is dominated by a mixture of 
coarse material, primarily coarse sand, gravel and cobble.  Large boulder fields are located immediately 
downstream of Hubbard Park along the east shoreline, the thalweg along the east shoreline from the 
middle of Hubbard Park upstream to Humboldt Avenue extended, and near Capitol Drive. 
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Cover/Vegetation 
  
Macrophytes were rare or absent.  Small isolated patches of Elodea spp., Ceratophyllum demersum and 
Potomogeton nodosus were observed between Keefe Avenue and Capitol Drive.  No filamentous algae 
was observed.  Adult fish cover is limited along the reach between the dam and Burleigh Street extended. 
 Concrete slabs and some bank-lined boulder are present along the North Avenue and Locust Street 
bridges.  Isolated woody snags from recent dead fall are present.  A deep (>5 ft) boulder strewn pool is 
located immediately downstream of a rock-filled wood crib at Burleigh Street.  Another deep pool (>5 ft) 
is located downstream of the collapsed wooden "dam" near Chambers Street.  Cover for adult fish is more 
extensive between Burleigh Street and Capitol Drive.  Boulder and large cobble within the thalweg 
provide most of the available cover along reach 3.  Available adult fish cover was estimated at 3.8%, 1% 
and 0.5% for reaches 3, 2, and 1, respectively.   
 
WATER QUALITY HABITAT EVALUATION 
 
Dam Retention Alternatives 
 
Dissolved Oxygen 
 
The dissolved oxygen budget of the impoundment is significantly influenced by sediment oxygen 
demanding materials (eg. methane) and respiration by light limited aquatic plants (WCC, 1993b).  These 
factors have similar impacts on the dissolved oxygen conditions within the estuary downstream of the 
dam.  Since 1980, approximately 16% of the 163 summer (June-September) surface layer measurements 
for dissolved oxygen concentrations were less than the 5 mg/l state water quality standard. 
 
Although the impoundment does not thermally stratify, a vertical dissolved oxygen gradient has been 
shown to exist with decreasing dissolved oxygen over increasing depth.  The results of one summer 
survey showed surface (1 ft.) dissolved oxygen levels at or greater than saturation, while dissolved 
oxygen levels 1 feet above the bottom ranged from 35% - 56% of saturation (3.0 mg/l - 4.6 mg/l), and less 
than the 5 mg/l state water quality standard (WDNR, 1991).  Similar results were observed by DeWild 
(1987).  Generally, most dissolved oxygen measurements by cooperating agencies have been obtained 
during daylight hours.  Lower dissolved oxygen concentrations may occur on a more frequent basis 
during summer low-light periods when aquatic plant respiration is greatest. 
 
Respiration by macrophytes also contribute to stratified dissolved oxygen levels within certain habitats, 
most notably macrophyte beds.  On one summer occasion, surface dissolved oxygen levels at the surface 
of the macrophyte beds were greater than saturation (11.2 mg/l), while dissolved oxygen levels were 1.2 
mg/l just 1.5 ft below the surface (WDNR, 1991). 
 
The minimum reported surface layer dissolved oxygen concentration at the North Avenue Dam since 
1980 was 3.2 mg/l.  Although lower dissolved oxygen concentrations have been reported in selected 
habitats and depths under pre-drawdown conditions, the 3.2 mg/l was used as a conservative minimum 
dissolved oxygen input into the smallmouth bass and common carp HSI models. 
 
pH 
 
The pH of the impoundment is influenced by natural and man-made factors, both locally within the 
impoundment and the watershed.   Locally, primary production and respiration by macrophytes and 
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phytoplankton, sediment diagenisis, and point and nonpoint source discharges all effect pH levels.  
Optimum pH levels contribute to high growth rates and production of fish.  Between 1975 and 1990, 
annual pH levels ranged from 6.1 su to 8.9 su and averaged 8.3 su (n = 385).  
 
Turbidity 
 
The turbidity of water in the impoundment may be influenced by natural and man-made factors, both 
locally within the impoundment and the watershed.  Locally, turbidity is influenced by point and nonpoint 
source discharges, substrate texture and bioturbation by bottom dwelling organisms (e.g. carp).  
Seasonally, turbidity levels are lower during coldwater periods when runoff and biological activity is 
minimal.  Turbidity effects growth and other physiological functions in fish, such as the ability of site-
feeding predators (e.g. smallmouth bass) to obtain food.  Levels are particularly critical during active 
feeding and growth periods.  Maximum monthly average summer turbidity are acceptable.  Turbidity 
levels between 1975 and 1990 ranged from 8.6 HTUs to 48.0 HTU and averaged 17.1 HTUs (n = 31).   
 
Temperature 
 
Optimum and timely temperature levels promote successful reproduction, development and growth in fish 
and other aquatic life.  Temperatures vary widely on a seasonal basis.  The reader should review 
Appendix 1-2 for a summary of observed time variable water temperatures for specific species and their 
life stage (e.g. spawning, juvenile, adult).  
 
Dam Removal Alternatives 
 
The dissolved oxygen budget of the free-flowing river is also influenced by the respiration of light limited 
aquatic plants.  Sediment oxygen demanding materials have less of an impact on dissolved oxygen than 
under impounded conditions (WCC, 1993c). Thus, temperature and dissolved oxygen are uniform 
throughout the stream under dam removal conditions.  Between 1991 and 1993, there have been no 
summer dissolved oxygen concentrations reported below the 5 mg/l state water quality standard (n = 27). 
 
The minimum reported dissolved oxygen concentration at the North Avenue Dam since 1991 was 5.9 
mg/l.  This concentration was used as the  minimum dissolved oxygen input into the smallmouth bass and 
common carp HSI models.    
 
pH 
 
The pH of the free-flowing river is influenced by natural and man-made factors, both locally within the 
impoundment and the watershed.   Locally, primary production by phytoplankton in lieu of macrophytes, 
and point and nonpoint source discharges all effect pH levels.  Optimum pH levels contribute to high 
growth rates and production of fish.  Between 1991 and 1993, annual pH levels ranged from 7.2 su to 8.8 
su and averaged 8.2 su (n = 76).  
 
Turbidity 
 
The turbidity of the river is influenced by natural and man-made factors, both locally within the 
impoundment and the watershed.  Locally, turbidity may be influenced by point and nonpoint source 
discharges, substrate texture and scour.  Maximum monthly average summer turbidity are acceptable.  
Turbidity levels between 1991 and 1993 ranged from 14.0 HTUs to 26.0 HTU and averaged 18.1 HTUs 



3.0  Results and Discussion  
 

  
 
 FISHERIES HABITAT TM 
 
 22

(n = 7).   
 
Temperature 
 
Optimum and timely temperature levels promote successful reproduction, development and growth in fish 
and other aquatic life.  Temperatures vary widely on a seasonal basis.  The reader should review 
Appendix 1-2 for a summary of observed time variable water temperatures for specific species and their 
life stage (e.g. spawning, juvenile, adult).  
 
3.3  EXISTING HABITAT 
 
This section compares "existing" habitat conditions for smallmouth bass and common carp with suitable 
conditions, highlighting shortfalls for each species, and assuming no management actions are 
implemented. 
 
SMALLMOUTH BASS 
 
Alternative 1 (Dam Retention -  Without Habitat Restoration) 
 
Suitable habitat quality for smallmouth bass is absent throughout the North Avenue impoundment under 
the existing dam retention alternative (Table 5).  All reaches and overall study area HSI values were less 
than 0.50.  Individual reach HSI values ranged from 0.15 in reach 2 to 0.25 in reach 3.  The overall study 
area HSI was 0.18. 
 
Alternative 3 (Dam Removal - Without Habitat Restoration) 
 
Suitable habitat quality for smallmouth bass is present along one of the three free-flowing reaches under 
the existing dam removal alternative (Table 5).  Habitat quality was acceptable only in reach 3 with a HSI 
value of 0.58.  Suitable habitat quality was lacking in reaches 1 and 2 where HSI values were 0.23 and 
0.35, respectively.  Overall study area HSI was 0.43. 
 
Discussion 
 
Alternative 3 (Dam Removal - Without Habitat Restoration) reflects presently "existing" conditions.  
Under Alternative 3,  physical and water quality habitat for smallmouth bass has improved when 
compared to Alternative 1 (Dam Retention - Without Habitat Restoration.  Overall study site HSI values 
are 2.4 times greater for Alternative 3 (HSI = 0.43) compared to HSI values for Alternative 1  (HSI = 
0.18).  When compared on a reach-by-reach basis, Alternative 3 HSI values are from 1.4 times (reach 1) 
to 2.3 times (reaches 2 and 3) greater than for Alternative 1 (Table 5).   
 
It is important to note that only reach 3 under Alternative 3 (Dam Removal - Without Habitat Restoration) 
 provides suitable smallmouth bass habitat quality.  Therefore, habitat restoration may be necessary to 
improve habitat quality under both the dam retention and dam removal management options.  However, 
habitat restoration potentially could be less extensive and less costly under the dam removal option. 
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Table 5: Summary of Habitat Suitability Index Model Values and Life Requisite Values for 
Smallmouth Bass: Dam Retention - Without River Management Actions  versus 
Dam Removal - Without Habitat Restoration Actions 

 

 Reach 3 Reach 2 Reach 1 

Life 
Requisite 

Dam 
Retention 

Dam 
Removal 

Dam 
Retention 

Dam 
Removal  

Dam 
Retention 

Dam 
Removal 

Food 
(Cf) 

0.08 0.21 0.03 0.05 0.03 0.01 

Cover 
(Cc) 

0.17 0.42 0.12 0.34 0.12 0.26 

Water  
Quality 
(Cwq) 

0.76 0.89 0.76 0.89 0.76 0.89 

Reproduc-
tion 
(Cr) 

0.30 0.85 0.17 0.44 0.17 0.27 

Other 
(gradient) 
(Cot) 

n.a. 1.00 n.a. 0.85 n.a. 1.00 

HSI  
by Reach 

0.25 0.58 0.15 0.35 0.16 0.23 

HSI  
Area 
Weighted  

0.18 0.43   

 
COMMON CARP 
 
Alternative 1 (Dam Retention - Without Habitat Restoration)  
 
Suitable habitat quality for common carp is present throughout the North Avenue impoundment under 
Alternative 1 (Table 6).  HSI values exceeded 0.50 in all reaches and the overall study area.  Individual 
reach HSI values ranged from 0.63 in reach 1 to 0.85 in reach 2.  The overall study area HSI was 0.73. 
 
Alternative 3 (Dam Removal - Without Habitat Restoration)  
 
Suitable habitat quality for common carp is absent  along all three free-flowing reaches under  Alternative 
3 (Table 6).  All reaches and overall study area HSI values are less than 0.50  Individual reach HSI values 
ranged from 0.36 in reach 1 to 0.38 in reach 3.  The overall study area HSI was 0.37. 
 
Discussion 
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Alternative 3 (Dam Removal - Without Habitat Restoration) reduces physical habitat quality for common 
carp compared to the quality of physical habitat which existed under Alternative 1 (Dam Retention - 
Without Habitat Restoration).  Overall study site HSI values are 2 times lower for Alternative 3 (HSI = 
0.37) compared to Alternative 1 (HSI = 0.73).  When compared on a reach-by-reach basis, Alternative 3  
HSI values are from 1.8 times (reach 1) to 2.3 times (reach 2) lower than Alternative 1.   
 
Habitat quality restoration practices for smallmouth bass and other desirable fish species under both dam 
retention and dam removal options should emphasize those practices which have a corresponding 
negative effect on common carp habitat, wherever practical.  It is important to note that habitat restoration 
practices intended to improve dissolved oxygen levels under Alternative 1 will benefit smallmouth bass 
and common carp alike. 
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Table 6:  Summary of Habitat Suitability Index Model Values and Life Requisites Values for 
Common Carp:  Dam Retention - Without River  Management Actions versus Dam 
Removal - Without Habitat Restoration Actions 

 

 Reach 3 Reach 2 Reach 1 

Life  
Requisite 

Dam 
Retention 

Dam 
Removal 

Dam 
Retention 

Dam 
Removal 

Dam 
Retention 

Dam 
Removal 

Food 
(Cf) 

0.77 0.21 0.97 0.21 0.44 0.20 

Cover 
(Cc) 

0.77 0.23 0.97 0.21 0.44 0.20 

Water  
Quality 
(Cwq) 

0.64 0.89 0.64 0.89 0.64 0.89 

Reproduc-
tion 
(Cr) 

0.78 0.50 0.86 0.46 0.56 0.46 

Other (Cot) 
(storage 
ratio)  
 

1.00 n.a. 1.00 n.a. 1.00 n.a. 

HSI 
by Reach 

0.79 0.38 0.85 0.37 0.63 0.36 

HSI  
Area 
Weighted  

0.73 0.37   

 
Limiting Habitat Variables 
 
This section lists the factors that cause habitat under existing or no-action dam retention and dam removal 
alternatives to fall short of suitable quality for smallmouth bass and common carp. 
 
SMALLMOUTH BASS 
 
Alternative 1 (Dam Retention - Without Habitat Restoration) 
 
Closer examination of the life requisites showed that low HSI values for Alternative 1 are related to the 
lack of sufficient food, cover and reproductive needs in all reaches (Table 5).  Water quality habitat was 
noted as acceptable at 0.76. 
 
Individually low subindex values (SI <0.25) were secondarily related to the absence of sufficient depth (5 
ft) in reach 3, insufficient amounts of cover (< 1%) for adult fish in reaches 1 and 2, and general lack of 
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coarse substrate (0% to < 15%) in all of the reaches (Table 7).  A low water quality subindex value (SI = 
0.22) was noted for minimum observed dissolved oxygen (3.2 mg/l). 
 
Individually acceptable subindex values for smallmouth bass were shown for pH, temperature for all life 
stages, turbidity, total dissolved solids, and the systems ability to maintain steady water level conditions 
prior to and after spawning.    In reach 3, cover was found to be acceptable.  For reaches 1 and 2, water 
depth was found acceptable. 
   
If the dam is retained, habitat restoration practices should be identified and evaluated which increase the 
availability of coarse substrate and dissolved oxygen in all reaches, cover in reaches 1 and 2, and water 
depth in reach 3. 
 
Alternative 3 (Dam Removal - Without Habitat Restoration) 
 
Closer examination of smallmouth bass life requisites showed that low HSI values for Alternative 3 in  
reaches 1 and 2 were related to the lack of sufficient food, cover and reproductive needs (Table 5).  The 
food requisite in reach 3 was not acceptable at 0.21  The cover requisite in reach 3 was near acceptable at 
0.42.  Water quality requisites were at or near optimum levels at 0.89. 
 
Individually low subindex values (SI <0.25) were secondarily related to the absence of rocky substrate in 
reach 1 (5%), cover for adult fish in reaches 1 (1%) and 2 (0.5%), and percent pools (0% to 1%) in all 
reaches (Table 7). 
 
Individually acceptable subindex values for smallmouth bass were shown for all water quality parameters 
including dissolved oxygen, water temperature for all life stages, pH and turbidity.  Acceptable physical 
habitat subindex values were shown for rocky substrate in reaches 2 and 3, water depth in reaches 1 and 
2, cover in reach 3, and the system's ability to maintain steady water level conditions prior to and after 
spawning. 
 
If the dam is removed, habitat restoration practices for smallmouth bass should be identified and 
evaluated which increase the availability of cover in reaches 1 and 2, pool in all reaches, and coarse 
substrate in reach 1. 
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Table 7: Individually Low Subindex (SI <0.25) Values for Habitat Variables for Smallmouth 
Bass:  Dam Retention - Without Habitat restoration Actions versus Dam 
Removal - Without Habitat Restoration Actions 

 

 Dam Retention Dam Removal 

Habitat Variable 
 

Reach 3 
  

Reach 2 Reach 1 Reach 3 Reach 
2 

Reach 1 

Rocky Substrate 0.01 0.01 0.01   0.01 

Percent Cover 
for Adult Fish 

 0.01 0.01  0.01 0.01 

Average Depth 
(lacustrine) 
     or 
Percent Pool 
(riverine) 

0.17    
 
 
0.03 

 
 
 
0.03 

 
 
 
0.03 

Dissolved 
Oxygen 

0.22 0.22 0.22    

 
COMMON CARP 
 
Alternative  1 (Dam Retention - Without Habitat Restoration) 
 
Closer examination of the life requisites for  Alternative 1 showed near optimum food, cover, and 
reproductive needs in reach 2 (Table 6).  Reach 2 subindex values for food, cover and reproduction range 
from 0.86 to 0.97.  Reach 3 subindex values for food, cover and reproduction range from 0.77 to 0.78.   
Reach 1 showed a lower HSI value (0.63) and lower subindex physical life requisites (0.44 to 0.56) than 
reaches 2 and 3. 
 
Individually lower subindex values in reach 1 (0.16) are secondarily related to an excess amount (78%) of 
shallow littoral area (Table 8).  A low water quality subindex value (SI = 0.38) was noted for dissolved 
oxygen.  However, the subindex value for the water quality life requisite was 0.64.  Water temperature, 
pH and turbidity were at or near optimum. 
 
If the dam is retained, common carp habitat should be reduced wherever such practices do not negatively 
impact smallmouth bass habitat.  More specifically, the availability of macrophytes beds and shallow 
littoral areas should be reduced. 
 
Alternative  3 (Dam Removal - Without Habitat Restoration Actions) 
  
Closer examination of common carp life requisites showed that low HSI for Alternative 3 are related to 
the lack of sufficient food and cover in all reaches (Table 6).  Reproduction requisites were at or near 
acceptable levels ranging from 0.46 in reaches 1 and 2 to 0.50 in reach 3.  The subindex value for the 
water quality life requisite was near optimum (SI = 0.89). 
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Individually low subindex values (SI <0.25) were secondarily related to the absence of vegetative cover 
in all reaches (0%), lack of pools and backwater areas in all reaches (0% - 1%), and insufficient cover in 
reach 1 (Table 8).  Individually acceptable subindex values for common carp were shown for dissolved 
oxygen, water temperature for all life stages, pH, turbidity, and cover in reaches 2 and 3. 
 
If the dam is removed, the existing common carp habitat should be maintained at or more desirably 
reduced below current levels provided such practices do not negatively impact smallmouth bass habitat.  
More specifically, the availability of dense macrophytes beds and shallow backwater areas should be 
maintained at, or below, current post-drawdown low levels. 
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Table 8: Individually Low Subindex (SI <0.25) Values for Habitat Variables for Common 
Carp:  Dam Retention - Without Habitat Restoration Actions versus Dam 
Removal - Without Habitat Restoration Actions  

 

 Dam Removal Dam Retention 

Habitat Variable 
 

Reach 3 
  

Reach 
2 

Reach 
1 

Reach 3 Reach 
2 

Reach 1 

Percent 
Vegetative Cover 

   0.20 0.20 0.20 

Percent Cover  
 

     0.21 

Percent Littoral 
Area 
(lacustrine) 
or 
Percent Pools & 
Backwater  
(riverine) 

  0.16  
 
 
 
0.22 

 
 
 
 
0.22 

 
 
 
 
0.22 
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3.4  HABITAT RESTORATION 
 
This section details habitat restoration actions required to attain suitable smallmouth bass habitat quality 
in both the dam retention and dam removal alternatives.  We did this by examining the following: 
 
Feasibility 
 
Dam Retention Alternative 
 
We previously identified the following smallmouth bass habitat features as limiting or deficient in the 
pre-drawdown impoundment: 
 
 · Insufficient amounts of rocky substrate in all reaches 
 · Low dissolved oxygen concentrations in all reaches 
 · Insufficient amounts of cover in reaches 2 and 3 
 · Insufficient depth in reach 3 
 
We evaluated habitat restoration practices which have the potential for restoring these physical and water 
quality variables.   
 
We evaluated three physical habitat restoration practices and one water quality habitat restoration practice 
should the dam be retained, Alternative 2.  Of the three practices considered, increasing the amount of 
available cover is the only physical or water quality habitat restoration practice recommended for 
Alternative 2 (Dam Retention - With Habitat Restoration).  The other potential habitat restoration 
practices were eliminated from further consideration because of limited  acceptance among local and state 
units of government.  The  other practices could involve  issues of operation and maintenance, unknown 
technical feasibility issues, and  problems particularly associated with chronic sedimentation.   
 
Our evaluation of the various restoration practices are presented in Appendix 6 and briefly described 
below: 
 
• The addition of coarse rocky substrate to all reaches.   
    
 Rocky substrate is important for macroinvertebrate and crayfish production.  It provides 

spawning substrate and cover for smallmouth bass and other desirable game and non-game fish 
species (Becker, 1983; Baker, et al. 1993). 

 
 Rock substrate could be obtained from local quarried sources, transported to the site, and barged 

to specific areas.  Rock would vary in size between large gravel to cobble.  Rocky substrate could be 
located within the thalweg where velocities are highest.  The substrate may have to be mounded and  
placed on top of woven fabric to prevent settling into existing soft sediment deposits.   

 
 Despite this practice's attractiveness from technical and institutional vantages, this practice was 

eliminated from further consideration due to the short term effectiveness of the practice.  Chronic 
sedimentation would be expected to greatly reduce or eliminate the expected benefits in a very brief 
period (1-2 years).  Sedimentation rates in the pre-drawdown impoundment were previously 
estimated to be 0.40 cm per year (Christensen, 1992).  Sedimentation rates may be even greater due to 
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 creation of a larger basin volume through drawdown and compaction of existing sediments.  
Substrate conditions would soon mimic pre-drawdown conditions.  Although the proposed sediment 
remedy to encapsulate materials (WCC, 1993b) will likely include rock material it can be assumed 
that it will eventually be silted over and provide minimal biological benefits unless sufficient water 
velocities can be maintained. 

 
 Siltation is a major cause of degraded spawning habitat in lakes and reservoirs (Baker et al. 

1993).  Water jets have been used to remove silt from rocky spawning substrate in lakes (McComas, 
in press).  Unlike the North Avenue impoundment, this practice is only cost effective and ecologically 
effective in watersheds which export minimal sediment. 

 
• Mechanical aeration to increase dissolved oxygen concentrations to all reaches.   
 
 Dissolved oxygen is critical to all life stages of fish and macroinvertebrates.  Mechanical aeration 

devices could be installed and operated in selected areas.  The thalweg area would be targeted for 
management since it contains the greatest volume of available habitat and concentrated flow would 
provide additional mixing of dissolved oxygen to downstream reaches.  Similar devices have proved 
effective in stratified and unstratified lacustrine and reservoir systems in the upper midwest, 
especially in characteristically winter kill  systems.  Baker et al. (1993) and Johnson (1984) describe 
and provide references for mechanical aeration devices deployed in thermally stratified reservoirs, 
their efficiencies and design, advantages and disadvantages.  These systems are also applicable to the 
thermally unstratified North Avenue impoundment. 

 
 Although considered technically feasible, this practice was eliminated from further consideration. 

 It was generally felt that an additional feasibility study would need to be undertaken to identify 
variations in the local oxygen budget, design and cost considerations.  Although oxygen 
concentrations could be increased in the thalweg of the impoundment, the expansive littoral areas 
deficient in oxygen as a result of sediment oxygen demanding substances and aquatic plant 
respiration could not be managed effectively with mechanical aeration.  Additional long-term 
management practices would be needed to deal with these other oxygen limiting factors such as 
aquatic plant harvesting or treatment with herbicides.  Drying and/or freezing through impoundment 
drawdowns have been used to decrease Myriophyllum spp. densities (Olem and Flock, 1990).  
However, future drawdowns of the North Avenue impoundment should be avoided to prevent release 
of potential sediment pollutants. 

 
 Aeration was also omitted from further consideration because we believed that state and (private 

and public) local long-term commitments for studying, locating, constructing, operating and 
maintaining these facilities could not be guaranteed. 

 
• Dredging to increase water depth in reach 3.    
 
 Although considered technically feasible, dredging was eliminated from further consideration.  

Chronic sedimentation would be expected to reduce or eliminate long-term benefits.  Water depth 
observed during the pre-drawdown condition would eventually return to the impoundment.  As 
previously discussed, future drawdowns should be avoided to prevent release of potential 
accumulated contaminants. 

 
• The addition of cover to all reaches.   
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 Cover in natural lacustrine and man-made impoundment's provides concealment, orientation, 

substrate for food production, and shade for all life stages of fish (Baker et al. 1993), and provide 
substrate for the production of macroinvertebrates. 

 
 Cover, primarily in the form of woody debris or snags, brush or rock filled cribs, and rock piles, 

could be added to all reaches of the impoundment.  All of these cover types have been shown to 
provide suitable cover for adult and juvenile fish stages (Brown, 1986).  Rock cover provides the best 
all purpose substrate for spawning purposes.  Guidelines for the use of artificial structures and their 
installation are discussed by Brown (1986) and Phillips (1990). 

 
 Due to chronic sedimentation and shallow depths, especially in the littoral areas, the addition of 

cover should be restricted to the thalweg only.  Thalweg cover would have to be mounded to reduce 
the impacts associated with sedimentation.  The cover material would be placed on fabric or other 
solid base material to prevent settling into the soft substrate.  Sediment encapsulation (armoring) 
materials, as recommended for the dam retention sediment remediation alternative, would also 
provide a suitable base.   

 
 The combination of the recommended sediment management alternative through 

encapsulation/armoring, and cover additions to the impoundment may reduce the effective water 
depth throughout the impoundment.  All cover material would be obtained locally, assembled on-site 
and barged to the selected areas, or placed onto the ice and allowed to settle onto the bottom during 
spring thaw. 

  
SMALLMOUTH BASS 
 
Effectiveness 
 
We re-calculated the HSI model assuming the addition of structural cover to predict its effectiveness as a 
habitat restoration practice for the dam retention alternative.  Based on our previous evaluation, we 
believe that increasing the amount of available cover is the only feasible habitat restoration practice for 
the dam retention alternative. 
   
We assumed the addition of approximately 6 acres (260,000 ft2) of cover to the impoundment thalweg 
area.  The addition of this cover resulted in each reach having a total of 13% available cover and a 
maximum percent cover subindex value of 1.00.  The addition of this cover improved the study area HSI 
to 0.35, or 1.9 times greater than the original 0.18 value (Table 9).  Reach-by-reach, HSI values improved 
from 1.3 times in reach 3 to 2.4 times in reach 2. 
 
The addition of significant amounts of physical cover to the impoundment failed to produce suitable 
smallmouth bass habitat quality on a reach-by-reach and overall study area basis (HSI < 0.50).  The low 
dissolved oxygen levels and lack of coarse, rocky substrate still limit the establishment of suitable habitat 
quality. 
 
Despite the addition of cover for the dam retention alternative, the overall study area smallmouth bass 
HSI value remains less (0.36 versus 0.43, respectively) than the HSI value for Alternative 3 (Dam 
Removal without Habitat Restoration). 
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Table 9 Comparison of HSI and SI Values for Smallmouth Bass  
   Dam Retention Alternatives - With and Without Habitat Restoration  

 Reach 3 
(16.3 ac) 

Reach 2 
(12.6 ac) 

Reach 1 
(25.2 ac) 

 Without 
Habitat 

Restoration 

With 
Habitat 

Restoration 

Without 
Habitat 

Restoration 

With 
Habitat 

Restoration 

Without 
Habitat 

Restoration 

With 
Habitat 

Restoration 

Percent 
Cover 
(ft2) 

3.8 
 
(27,000) 

9.2 
 
(65,000) 

1.0 
 
(5,500) 

12.0 
 
(66,000) 

0.5 
 
(5,500) 

12.5 
 
(137,000) 

SI 0.32 1.00 0.01 1.00 0.01 1.00 

HSI by 
Reach 

0.25 0.33 0.15 0.36 0.16 0.36 

HSI  
Area 
Weighted  

0.18 0.35   

 
Common Carp 
 
The addition of cover for smallmouth bass also would be expected to improve habitat for adult carp.  
Overall habitat for carp would remain near or at optimum conditions with study area with a HSI value at 
or greater than 0.73. 
 
Dam Removal Alternative 
 
We previously identified the following smallmouth bass habitat features as limiting or deficient in the 
post-drawdown (free-flowing) impoundment: 
 
 ·  Insufficient amounts of rocky substrate in reach 1 
 ·  Insufficient amounts of cover in reaches 2 and 3 
 ·  Insufficient amounts of pool in all reaches 
 
We evaluated habitat restoration practices which have the potential for restoring these physical habitat 
variables in the study area. 
 
Feasibility 
 
We evaluated three physical habitat restoration practices for Alternative 4 (Dam Removal- With Habitat 
Restoration).  Increasing the amount of available cover and pool are the most feasible habitat restoration 
practice for the dam removal alternative.   
 
Our evaluation of the various restoration practices are presented in Appendix 7 and briefly described 
below: 
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·   The addition of coarse rocky substrate in reach 1.   
 
 Rocky substrate, especially when present as riffles and runs, are utilized by 

macroinvertebrates (including crayfish as a main staple for smallmouth bass), and fish spawning 
substrate (Becker, 1983).  Rocky riffles also serve an important function in flow energy 
dissipation (Kanehl, 1993). 

 
 Rocky substrate could be obtained from local quarried sources, transported to the site, and placed 

onto the bed of the stream.  Rock substrate should range in size from medium gravel to large cobble.  
Rocky substrate would be installed with the dual goal of creating riffles which are non-existent in 
reach 1.   

 
 A review of riffle (and pool) designs was recently completed by Kanehl (1993), and previously 

discussed by White and Brynilson (1967), Nunnally and Shields (1985), and Brookes (1988).  These 
authors suggested the following criteria for riffle construction: 

 
  ·  Space riffles 5-7 channel widths apart and regular spacing avoided 
  ·  Individual riffles not longer than 3 channel widths or shorter than 1 
  ·  Construct riffles in straight stretches where the thalweg crosses over 
  ·  Riffles should not project from the bed by more than 1 to 1.5 ft. 
  ·  Open water should be at least 1.5 ft deep  
 
 Artificial riffles have been installed successfully in a similar dam removal project in West Bend, 

Wisconsin.  These riffles were constructed for dual purposes: to protect sewer lines vulnerable to 
erosion, and provide cover for macroinvertebrates, forage fish and juvenile game fish, and fish 
spawning substrate.  Similar dual habitat restoration opportunities may exist in reach 1 of the North 
Avenue impoundment where a City of Milwaukee watermain may require protection (WCC, 1993a). 

 
 Despite being attractive for a variety of technical and institutional reasons, we eliminated this 

practice from further consideration at least in the short term management period (5 years).  We 
believe that the installation of rip rap bank protection described and recommended under the Flood 
Control, Hydrologic and Hydraulic Technical Memorandum (WCC, 1993d), and rocky cover 
described below would provide many of the fish life stage requisites for this variable in the short 
term.  In addition, if the dam is removed and banks are protected, the channel along reach 1 is 
expected to degrade and expose coarser parent material as already observed in reaches 2 and 3 
upstream. 

 
· The addition of cover to reaches 1 and 2 and, the addition of pool in all reaches.   
  
 Cover provides shade, resting areas, concealment and orientation for fish at all life stages 

(Kanehl, 1993), and substrate for macroinvertebrate and crayfish production.  Pools and greater 
depths in runs provide important cover for larger adult species. 

  
 Cover in the form of woody debris or snags, and rock structures could be added to reaches 1 and 

2 of the former impoundment.  Depending on the design, we expect that the addition of rocky cover 
could serve multiple habitat restoration purposes including bank protection and pool creation.     

  
 Boulder Retards or Placements create scour holes and areas of reduced velocity.  They are usually 
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placed randomly and singularly or in clusters of 2-5 (Kanehl, 1993).  A review of boulder placements 
was recently completed by Kanehl (1993), and previously discussed by Barton and Crons (1979), 
Nunnally and Shields (1985), Wesche (1985), Payne and Copes (1986), Brookes (1988), Gordon et 
al. (1992), and Hunt (1993).  These authors suggested the following criteria for boulder placement in 
streams and rivers: 

 
 • Density of one boulder per 300 ft2 
 • Rock should not be 1/5 channel width at normal flow 
 • Most effective where velocities > 2-3 ft/sec 
 • Should project slightly above surface at nominal flow 
 • Triangular grouping of 3-5 boulders using rock no smaller than 2 ft. in diameter 
 • Consult Barton and Cron (1979) and Gordon et al. (1992) for rock size and critical 

velocities for movement 
 
 Rip rap is proposed to be used extensively along the exposed sediment flats to control bank erosion, 

especially along the lower bank (WCC, 1993d).  Sediment flat upper banks are generally flat and 
extend to the edge of the former impoundment.  Therefore, rip rap may not be needed beyond the 
lower bank and native vegetation, especially woody shrubs, could provide a more natural river bank 
appearance and additional overbank cover.  Rip rap may be used in conjunction with other forms of 
cover (eg. boulder retards, deflectors, logs, etc.).  Assuming a maximum lower bank height of 5 ft and 
sediment flat lengths of 5,000 ft (WDNR) and 8,000 ft (WCC), rip rap installed as bank protection 
may provide from 25,000 ft2 to 40,000 ft2 of instream cover. 

 
 Deflectors have multiple functions.  They create scour pools by increasing velocities, protect eroding 

banks, and narrow a stream channel.  A review of deflectors was recently completed by Kanehl 
(1993), and previously discussed by White and Brynilson (1967), Shields (1982), Nunnally and 
Shields (1985), Seehorn (1985), Wesche (1985), Payne and Copes (1986), Swales (1989), and 
Gordon et al. (1992).  These authors suggested the following criteria for deflector placement in 
streams and rivers: 

 
 • Placed 5-7 channel widths apart on alternate banks 
 • Placed no more than 1/3 to 1/2 the stream width into the channel (or 20-50% of the low-flow 
channel) 
 • Form an angle no greater than 30- 45 with the stream bank 
 • Should not extend more than 0.5ft  to 1ft above the low-flow elevation (or 1ft to 1.5ft above the 
channel invert 
 • Should be keyed into the bank 3.5ft - 5ft 
 • Ineffective in low velocity streams (not the case for this reach of the Milwaukee River) 
 
 Placement of deflectors for pool scouring purposes is recommended in areas where the opposing bank 

is relatively stable.  These areas generally correspond to cross-sections where the historical thalweg 
and outside river bend meet the upper bank or valley toe.  The reaches which have the most promise 
approximate the following previously WCC surveyed cross-sections (figure 5): 

 
 • Reach 1.  XS 4.0 to 4.01  Opposite the Wisconsin Paperboard Co.  Anchored or keyed along 

the west bank and directed toward the east bank 
 
 • Reach 1.  XS 5.01 to 6.02  Anchored along the east bank and directed toward the west bank 
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 • Reach 1.  XS 7.02 to 8.0  Anchored along the west bank and directed east toward the boulder 

shoreline at Riverside Park 
 
 • Reach 2.  XS 8.02 to 9.01  Between Locust St. and Chamber St. extended.  Anchored along the 

west shoreline and directed east toward the shoreline  
 
 • Reach 3.  XS 11.02 to 12.02  Between Gordon Pl. extended and Keefe Ave. extended.  

Anchored along the west shoreline at Kern Park and directed east  
 
 If rocky materials are selected as a restoration practice (i.e. as boulder retards and deflectors) they 

should be installed during construction of the rip rap bank erosion control practices.  The use of 
similar materials and construction techniques for both practices may reduce overall project cost. 

 
 Based on our previous evaluation, we believe that increasing the amount of available physical cover 

was the most feasible habitat restoration practice for the dam removal alternative, followed by 
addition of pools and rocky substrate. 

 
SMALLMOUTH BASS 
 
Effectiveness 
 
We initially re-calculated the HSI model assuming the addition of structural cover to predict its 
effectiveness as a habitat restoration practice for the dam removal alternative.  We did not assume the 
addition of any habitat restoration practices in reach 3 since suitable habitat quality is already present as a 
result of the dam drawdown condition (HSI = 0.58). 
 
We assumed the addition of approximately 1.9 acres (82,700 ft2) of cover to the free-flowing channel area 
in reaches 1 and 2.  The addition of this cover resulted in reaches 1 and 2 having a total of 13% and 8% 
available cover, respectively.  The resulting percent cover subindex value for reaches 1 and 2 were 1.00 
and 0.64, respectively (Table 10).  The addition of cover to reach 2 resulted in suitable smallmouth bass 
habitat quality, increasing from a post-drawdown HSI value of 0.35 to 0.56.  The addition of cover to 
reach 1 improved habitat quality from a post-drawdown HSI value of 0.23 to 0.37, but still less than 
suitable smallmouth bass habitat (HSI > 0.50).   
 
The addition of cover to reaches 1 and 2 resulted in suitable smallmouth bass habitat for the overall study 
area (HSI > 0.50).  The overall study area HSI improved from a post-drawdown HSI value of 0.43 to 0.52 
following the addition of cover in reaches 1 and 2.   
 
We re-calculated the HSI model once again assuming the addition of structural cover to reach 1 was not 
entirely effective in attaining suitable smallmouth bass habitat quality HSI > 0.50).  We assumed the 
addition of approximately 0.7 acres (32,000 ft2) of pool and 50,000 ft2 of cover to reach 1.  The addition 
of pool resulted in reach 1 having a total of 8% available pool, an increase from almost 0% observed 
during the post-drawdown condition.  The resulting percent pool subindex value for reach 1 increased 
from 0.01 in the post-drawdown condition to 0.17 (Table 10).  The addition of cover and pool to reach 1 
resulted in suitable smallmouth bass habitat quality, increasing from a post-drawdown HSI value from 
0.23 to 0.50. 
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The addition of cover to reaches 1 and 2, and pool to reach 1 resulted in suitable smallmouth bass habitat 
in all reaches and for the overall study area (HSI > 0.50).  The overall study area HSI improved from a 
post-drawdown HSI value of 0.43 to 0.56.  
 
The addition of cover was assumed to be in addition to the cover which would be provided as a result of 
bank erosion control rip rap installation.  If rip rap is installed, the actual amount of rocky cover needed to 
attain the same habitat quality would be approximately one-third to one-half of the recommended 80,000 
ft2. 
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Table 10: Comparison of HSI and Subindex Values for Smallmouth Bass:   
   Dam Removal Alternatives - With and Without Habitat Restoration Practices 
 

 Reach 3 
(17.4 ac) 

Reach 2 
(10.5 ac) 

Reach 1 
(9.2 ac) 

 With 
Habitat  

Restoration 

Without 
Habitat  

Restoration 

Without 
Habitat 

Restoration 

With 
Habitat 

Restoration 

Without 
Habitat 

Restoration 

With 
Habitat 

Restoration 

Percent 
Cover 
(ft2) 

3.8 
 
(29,000) 

n.c. 
 
( 0 ) 

1.0 
 
(4,600) 

7.0 
 
(32,000) 

0.5 
 
(2,000) 

12.5 
 
(50,000) 

Percent 
Cover 
SI 

0.32 0.32 0.01 0.64 0.01 1.00 

Percent 
Pool 
(ft2) 

1.0 
 
(7,600) 

n.c. 
 
( 0 ) 

1.0 
 
(4,600) 

n.c. 
 
( 0 ) 

0.01 
 
(40) 

8.0 
 
(32,000) 

Percent 
Pool 
SI 

0.03 0.03 0.01 0.01 0.01 0.17 

HSI by 
Reach 

0.58 0.58 0.35 0.56 0.23 0.50 

HSI  
Area 
Weighted  

0.43 0.56   

n.c.  no change 
 
COMMON CARP 
 
Although the addition of cover and pool for smallmouth bass would improve habitat for carp, it would 
only do so marginally.  Overall habitat for carp would remain less than suitable (HSI < 0.50).  The overall 
study area HSI value for common carp increased from a post-drawdown HSI value of 0.37 to 0.40 
following the addition of cover and pool to the free-flowing stream.   
 
On a reach-by-reach basis, common carp HSI values remained less than suitable following the addition of 
cover and pool.  HSI values in reach 3 was unchanged from a post-drawdown HSI value of 0.38, and the 
reach 2 HSI value improved slightly from a post-drawdown HSI value of 0.37 to 0.38.  Reach 1 exhibited 
the greatest improvement in carp habitat, improving from a post-drawdown HSI value of 0.36 to 0.45. 
 
Discussion 
 
This section compares habitat quality among the four alternatives.   Up to this point of our analyses, the 
management actions include habitat restoration practices only. 
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SMALLMOUTH BASS 
 
Study area smallmouth bass HSI values between the four dam retention and dam removal alternatives 
were ranked as follows and are presented in figure 6: 
 
Table 11:   Comparison of Smallmouth Bass HSI Values for the Various Dam Retention and 

Dam Removal Management Alternatives. 
 

Dam Management Alternative 
by HSI Rank for Study Area 

HSI 
Study 
Area 

HSI 
Reach 
3 

HSI 
Reach 
2 

HSI 
Reach 
1 

Alternative 4 (Dam Removal - With Habitat Restoration) 0.56 0.58 0.56 0.50 

Alternative 3 (Dam Removal - Without Habitat Restoration) 0.43 0.58 0.35 0.23 

Alternative 2 (Dam Retention - With Habitat Restoration) 0.35 0.33 0.36 0.36 

Alternative 1 (Dam Retention - Without Habitat Restoration) 0.18 0.25 0.15 0.16 

 
The combination dam removal with habitat restoration alternative is the only alternative shown to 
potentially meet suitable smallmouth bass habitat quality levels (HSI = 0.56). 
 
Similar rankings of HSI trends were also noted for smallmouth bass on a reach-by-reach basis with two 
exceptions.  HSI values were similar in reach 2 between Alternative 3 (Dam Removal -Without Habitat 
Restoration)  and Alternative 2 (Dam Retention - With Habitat Restoration) at 0.35 and 0.36, respectively. 
 HSI values were greater in reach 1 under Alternative 2 at 0.36 versus Alternative 3 at 0.23.  Neither two 
of the dam retention alternatives, without or with the restoration of smallmouth bass habitat, will likely 
attain suitable smallmouth bass habitat quality (HSI < 0.50).  Smallmouth bass HSI values for the dam 
retention alternatives, with and without habitat restoration actions, were HSI = 0.35 and HSI =0.18, 
respectively. 
 
COMMON CARP 
 
Study area common carp HSI values between the four dam retention and dam removal alternatives were 
ranked as follows and are presented in figure 7: 
 
Table 12:  Comparison of Common Carp HSI Values for the Various Dam Retention and Dam 

Removal Management Alternatives. 
 

Dam Management Alternative 
by HSI Rank for Study Area 

HSI 
Study 
Area 

HSI 
Reach 
3 

HSI 
Reach 
2 

HSI 
Reach 
1 

Alternative 2 (Dam Retention - With Habitat Restoration) 0.73 0.79 0.85 0.63 

Alternative 1 (Dam Retention - Without Habitat Restoration) 0.73 0.79 0.85 0.63 
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Alternative 4 (Dam Removal - With Habitat Restoration) 0.40 0.38 0.38 0.45 

Alternative 3 (Dam Removal - Without Habitat Restoration) 0.37 0.38 0.37 0.36 

 
The two dam removal alternatives, without and with habitat restoration for smallmouth bass, were shown 
to negatively impact suitable carp habitat quality (HSI < 0.50).  HSI values for the two dam removal 
alternatives were 0.40 with habitat restoration for smallmouth bass and 0.37 without habitat restoration 
for  smallmouth bass.  Both dam retention alternatives, with and without the restoration of smallmouth 
bass habitat, will likely result in the maintenance of suitable or near optimum habitat for common carp 
(HSI = 0.73). 
 
Similar HSI trends were noted for carp on a reach-by-reach basis. 
 
3.5  EXISTING PLANS 
 
This section evaluates the compatibility of the various combination of dam retention and dam removal 
alternatives, with and without the installation of smallmouth bass habitat restoration actions, to water 
resource and fish management plan objectives.  We evaluated all the dam retention and dam removal 
alternatives against objectives contained in the Milwaukee Estuary Remedial Action Plan (WDNR, 1993) 
and the Lake Michigan Integrated Fishery Management Plan (WDNR, 1993).  In addition, we proposed 
additional fish, dam or habitat restoration actions for those alternatives which fail to fully meet the plan 
objectives simply by the addition of fish habitat restoration actions. 
 
Water Resource and Fish Management Plan Objectives  
 
The compatibility of the various combinations of dam retention and dam removal alternatives (with and 
without habitat restoration actions) to plan objectives are summarized below.  Generally, none of the 
alternatives are fully capable of collectively meeting all of the water resource and fish management plan 
objectives.  However, Alternative 4 (Dam Removal - With Habitat Restoration)  fully or partially met 
most plan objectives, followed by Alternative 3, Alternative 2 and lastly by Alternative 1. 
 
Alternative 1 (Dam Retention - Without Habitat Restoration) 
 
This alternative assumes the dam is retained.  The gates of the dam are closed, the impoundment re-
flooded and no additional habitat restoration practices are implemented.  Selection of this alternative will 
result in only a few of the Milwaukee Estuary Remedial Action Plan and the Lake Michigan Integrated 
Fishery Management Plan criteria being fully or partially met (Table 13). 
 
Fully or Partially Meeting Plan Objectives 
 
The retention of the dam will be effective in preventing the migration of undesirable exotic aquatic life 
species through the water media. 
 
Retention of the dam will not result in the loss of any pre-drawdown wetlands.  
 
Not Meeting Plan Objectives 
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PCBs from localized impoundment sediments will not be managed and the biological uptake of 
contaminants will continue.  Potential health risks to human and wildlife populations will also continue as 
a result of the continuing local and upstream sources. 
 
No habitat restoration practices are implemented.  Suitable habitat quality levels (HSI > 50) can not be 
attained for smallmouth bass and other desirable game and non-game species.   
 
Habitat quality for carp and other less desirable fish species will remain at or near optimum quality levels 
(HSI > 50).  The fish community within the impoundment will be dominated by carp and other less 
desirable species tolerant of degraded habitat. 
 
Retention of the dam will continue to prevent upstream and downstream movements of resident and 
anadromous fish species.  Estuary resident fish access to upstream spawning and nursery habitat will be 
prevented.   
 
Recreational fishing opportunities for anadromous and estuary resident fish upstream of the dam would be 
poor. 
 
The dam will remain a barrier and hazard to small recreational watercraft. 
 
Closing the gates and retaining the dam will re-flood the facultative and facultative wetland plant 
community which has developed on the site since the December 1990 drawdown. 
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Table 13: Compatibility of Alternative 1 ( Dam Retention - Without Habitat Restoration) to Fully, Partially or Not Meet Water 
Resource and Fish Management Plan Objectives 

 

Objective Compatibility  
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

Eliminate the need for fish and wildlife 
consumption advisories and reduce toxic 
contamination to levels that do not adversely 
affect other biota. 

-  Local sources of PCB contaminated 
sediments in the North Avenue impoundment 
are not managed.  Direct fish tissue uptake of 
contaminants directly from the North Avenue 
impoundment sediment deposit will continue. 

None. 

Establish high quality fisheries by restoring both 
cold water and warm water species such as 
yellow perch, northern pike, smallmouth bass, 
walleye, trout and salmon, etc.  

-  No habitat restoration practices are 
implemented.  Habitat quality for smallmouth 
bass and other desirable fish species continues 
to be limited.  Optimum habitat for common 
carp and other less desirable species is 
maintained.  
 
-  Barrier to upstream and downstream 
migration of desired target management 
species is prevented by dam. 

None. 
 
 
 
 
 
 
None. 

Protect against significant infestations of the sea 
lamprey, zebra mussel and other undesirable 
exotic species. 

+  Dam will be effective in restricting 
infestation of free-floating exotic aquatic 
species such as the veliger of zebra mussels 
and spiney water flea. 
 
+  Dam will be effective in restricting 
infestation of undesirable free-swimming 
exotic fish species such as the sea lamprey and 
european ruffe. 

None. 
 
 
 
 
None. 
 

Establish a balanced predator/prey ratio in the -  The carrying capacity of smallmouth bass None. 
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Objective Compatibility  
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

resident fish community. and other desirable fish species will remain 
low.  Habitat quality  for common carp and 
other less desirable fish species will remain  
near optimum levels.  The fish community may 
remain dominated by fish species tolerant of 
degraded habitat. 

Upgrade aquatic conditions and provide 
streambank vegetation and in-stream habitat to 
restore, to the extent possible, species 
historically present but currently lost or present 
only in small numbers. 
 

-  No improvement in habitat quality for 
desirable fish and other aquatic life will occur. 
 
-  Retention of dam will prevent upstream and 
downstream migration of fish species absent or 
present in low numbers in the estuary or 
reaches upstream of the dam.  Net benefit to 
species historically present or present in small 
numbers within the impoundment may be low 
as suitable habitat quality can not be attained.   

None. 
 
 
 
None. 

Evaluate and implement recommendations 
regarding removal or modification of human-
made obstructions along the rivers which restrict 
navigation and natural fish movement, 
spawning, feeding, protection, development or 
winter habitat. 

-  Dam will remain barrier to fish movements. 
 
-  Dam will restrict navigation by small 
recreational watercraft.  

None. 
 
 
None. 

Restore and/or enhance upstream fish and 
wildlife habitat. 

-  Fish and wildlife habitat will not be restored 
or enhanced. 

None. 

Protect upstream wetlands from any further loss 
or degradation and increase wetlands by 
restoration wherever feasible. 

+  No net loss of wetlands will occur. 
 
-  The facultative wetland plant community 
which has evolved since the 1990 drawdown 

None. 
 
None. 
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Objective Compatibility  
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

will be re-flooded. 

Improve near-shore fishing opportunities. 
 

-  No increase in near-shore fishing 
opportunities for desirable resident species is 
anticipated. 
 
- No near-shore fishing opportunities for 
anadromous or estuary resident species since 
the dam will continue to act as a migration 
barrier. 

None. 
 
 
 
None. 
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Alternative 2 (Dam Retention - With Habitat Restoration) 
  
Retention of the dam and implementation of the recommended habitat restoration practices is only 
partially compatible with the goals and objectives set forth in the Milwaukee Estuary Remedial Action 
Plan and the Lake Michigan Integrated Fishery Management Plan (Table 15).   
 
Fully or Partially Meeting Plan Objectives 
 
PCBs in the impoundment sediments are proposed to be managed.  Potential health risks to human and 
wildlife populations will be greatly reduced.  Potential health risks to human and wildlife populations will 
also continue as a result of the remaining upstream sources of PCBs. 
 
The addition of cover will only marginally improve habitat quality for smallmouth bass and other 
desirable game and non-game fish species.   
 
The retention of the dam will be effective in preventing the migration of undesirable exotic aquatic life 
species through the water media. 
 
Retention of the dam will not result in the loss of any pre-drawdown wetlands. 
 
Not Meeting Plan Objectives 
 
Suitable habitat quality levels for smallmouth bass and other desirable game and non-game fish species 
(HSI > 50) can not be attained. 
 
Habitat quality for carp and other less desirable fish species will remain at or near suitable quality levels 
(HSI > 50) despite the addition of the recommended smallmouth bass habitat restoration practices.   
 
Retention of the dam will continue to prevent upstream and downstream movements of resident and 
anadromous fish species.  Estuary resident fish access to upstream feeding, spawning and nursery habitat 
will be prevented.   
 
Recreational fishing opportunities for anadromous and estuary resident fish upstream of the dam would be 
prevented. 
 
The dam will remain a barrier and hazard to small recreational watercraft. 
 
Closing the gates and retaining the dam will re-flood the facultative and facultative wetland community 
which has developed on the site since the December 1990 drawdown. 
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Table 14: Compatibility of  Alternative 2 (Dam Retention - With Habitat Restoration) to Fully, Partially or 
Not Meet Water Resource and Fish Management Plan Objectives 

 

Objective Compatibility  
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

Eliminate the need for fish and wildlife 
consumption advisories and reduce toxic 
contamination to levels that do not adversely 
affect other biota. 

+/-  Recommended habitat restoration 
practice (as cover) is compatible with 
recommended encapsulation for the 
sediment remediation task.  Direct fish 
tissue uptake of contaminants directly from 
the North Avenue impoundment sediment 
deposit will be significantly reduced or 
eliminated.  Other upstream sources of 
contaminants must also be managed over 
time. 

Monitor fish tissue for PCBs and update 
Fish Consumption Advisory as needed. 

Establish high quality fisheries by restoring 
both cold water and warm water species 
such as yellow perch, northern pike, 
smallmouth bass, walleye, trout and salmon, 
etc.  

-  Recommended habitat restoration 
practice is only marginally effective in 
creating suitable habitat quality for 
smallmouth bass. 
 
-  Barrier to upstream and downstream 
migration of target management species is 
prevented by dam. 

Additional habitat restoration practices 
ineffective for long term habitat restoration. 
 
 
Construct and operate fish passage facility 
to accommodate unrestricted migration of 
fish.   

Protect against significant infestations of the 
sea lamprey, zebra mussel and other 
undesirable exotic species. 

+  Dam will be effective in restricting 
infestation of free-floating exotic aquatic 
species such as the veliger of zebra 
mussels and spiney water flea. 
 
 

None. 
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Objective Compatibility  
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

+/-  Dam will be effective in restricting 
infestation of undesirable exotic fish 
species, specifically sea lamprey and 
european ruffe.  However, construction of 
fish passage facility may allow access to 
upstream reaches by exotics.  

 
If a fish passage facility is constructed, 
water quality conditions may not be 
conducive to successful reproduction of sea 
lamprey.  European ruffe has not been 
observed in Lake Michigan basin.  Monitor 
for exotic species. 
 

Establish a balanced predator/prey ratio in 
the resident fish community. 

+/-  Retention of the dam and the addition 
of cover may increase the carrying capacity 
of smallmouth bass and other desirable fish 
species.  However suitable habitat quality 
can not be attained for smallmouth bass 
and will remain at or near optimum levels 
for carp and other less desirable species.  
The fish population may remain dominated 
by fish species tolerant of degraded habitat. 

Construct fish passage facility.  Facility may 
provide passage for estuary resident fish 
species as they migrate to more suitable 
habitat upstream of the impoundment. 

Upgrade aquatic conditions and provide 
streambank vegetation and in-stream habitat 
to restore, to the extent possible, species 
historically present but currently lost or 
present only in small numbers. 
 

+/-  Addition of cover will partially 
improve habitat quality for desirable 
species present in small numbers. 
 
-  Retention of dam will prevent upstream 
and downstream migration of fish species 
absent or present in low numbers in the 
estuary or reaches upstream of the dam.  
Net benefit to species historically present 
or present in small numbers within the 

None. 
 
 
 
Construct and operate a fish passage 
facility.  The facility should be designed to 
enable rarer resident species passage 
upstream of the dam. 
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Objective Compatibility  
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

impoundment may be low as suitable 
habitat quality can not be attained.   

Evaluate and implement recommendations 
regarding removal or modification of 
human-made obstructions along the rivers 
which restrict navigation and natural fish 
movement, spawning, feeding, protection, 
development or winter habitat. 

-  Dam will remain barrier to fish 
movements. 
 
-  Dam will restrict navigation. 

Construct and operate fish passage facility. 
 
Construct and operate watercraft elevator 
facility, or provide free and safe portage for 
small watercraft (i.e. canoes). 

Restore and/or enhance upstream fish and 
wildlife habitat. 

-  Addition of in-stream cover will improve 
existing habitat quality.  However despite 
addition of cover attainment of suitable 
habitat quality is doubtful. 

None. 

Protect upstream wetlands from any further 
loss or degradation and increase wetlands by 
restoration wherever feasible. 

+ No net loss of wetlands will occur. 
 
-  The facultative wetland plant community 
which as evolved since the 1990 drawdown 
will be re-flooded. 

None. 
 
Irreversible. 

Improve near-shore fishing opportunities. 
 

+/- An increase in near-shore fishing 
opportunities for resident species may be 
expected assuming the addition of cover will 
increase carrying capacity. 
 
- No near-shore fishing opportunities for 
anadromous or estuary resident species since 
the dam will continue to act as a migration 
barrier. 

None. 
 
 
 
 
 
Construct and maintain a fish passage facility. 
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Alternative 3 (Dam Removal - Without Habitat Restoration) 
  
This alternative assumes the dam is operated in its current drawdown condition.  None of the dam 
structure is modified.  The river is managed as a free-flowing reach.  No habitat restoration practices are 
implemented.  Selection of this alternative will result in only a few of the Milwaukee Estuary Remedial 
Action Plan and the Lake Michigan Integrated Fishery Management Plan criteria being fully or partially 
met (Table 14). 
 
Fully or Partially Meeting Plan Objectives 
 
Impoundment sediments will not be managed to completely abate the effects of PCBs.  However, some 
net reduction of PCB availability has already occurred as a result of the drawdown and scour of channel 
bottom sediments to PCB concentrations at or below laboratory detection limits.  Still, release and uptake 
of contaminants will continue if banks are allowed to erode.  Potential health risks to human and wildlife 
populations will also continue as a result of the local and upstream sources. 
 
Suitable habitat quality levels for smallmouth bass and other desirable game and non-game fish species 
(HSI > 50) can only be attained along the upper-most reach (3) of the former impoundment.   
 
Habitat quality for carp and other less desirable fish species will remain below suitable quality levels (HSI 
< 50). 
 
Allowing the dam gates to remain open will no longer prevent upstream and downstream movements of 
certain anadromous fish species, specifically rainbow trout and chinook salmon.  High flow events will 
inhibit salmonids from migrating upstream through the high velocity gate and apron section.     
 
New recreational fishing opportunities will exist for anadromous fish species.  Some increase in carrying 
capacity for other desirable game and non-game species may improve recreational fishing opportunities 
for resident fish species especially in the upper free-flowing reaches. 
 
Maintaining the drawdown condition will not result in the loss of any pre-drawdown wetlands.  
 
The facultative wetland community which has developed since the 1990 drawdown would be maintained. 
 
Upstream infestation by free-floating exotic aquatic species as the zebra mussel and spiney water flea, and 
free-swimming exotic fish species as the sea lamprey and european ruffe will be difficult because of the 
high velocities present in the apron and gate sections of the dam and positive downstream current.  Other 
infecting vectors may remain. 
 
Not Meeting Plan Objectives 
 
The open gates will create a navigational barrier and hazard for small watercraft. 
 
Estuary resident coolwater and warmwater fish species may have difficulty migrating beyond the dam 
even during low flow conditions.  If so, these later species will not have easy access to upstream feeding, 
spawning and nursery habitat. 
 
Bank erosion will continue if left unstabilized. 
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Table 15: Compatibility of  Alternative 3 (Dam Removal - Without Habitat Restoration) to Fully, Partially or Not 
Meet Water Resource and Fish Management Plan Objectives 

 

Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

Eliminate the need for fish and wildlife 
consumption advisories and reduce toxic 
contamination to levels that do not adversely 
affect other biota. 

+/-  Local sources of PCB contaminated 
sediments in the North Avenue impoundment 
are not managed.  PCB residuals in channel 
sediments are very low.  Direct fish tissue 
uptake of contaminants directly from the North 
Avenue impoundment sediment deposit will 
continue, specifically along the exposed 
channel banks. 

None. 

Establish high quality fisheries by restoring both 
cold water and warm water species such as 
yellow perch, northern pike, smallmouth bass, 
walleye, trout and salmon, etc.  

+/-  Suitable habitat quality for smallmouth 
bass will exist only in the upper reach of the 
former impoundment. 
 
+/-  Allowing the gates to remain open no 
longer prevent anadromous fish species from 
migrating upstream, except during high flow 
events.   
 
-  Migration barrier for estuary resident species 
(i.e. coolwater and warmwater species) 
remains.  Access to potential upstream feeding, 
spawning and nursery areas is prevented. 

None. 
 
 
 
 
None. 
 
 
 
 
 
None. 
 

Protect against significant infestations of the sea 
lamprey, zebra mussel and other undesirable 
exotic species. 

+  Migration of undesirable exotic fish species, 
specifically sea lamprey and european ruffe, 
may be prevented by the and high water 
velocities in the apron and gate sections of the 
dam. 

None. 
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Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

 
+  Infestations by free-floating exotic aquatic 
species through the water media, specifically 
the reproductive veliger stage of the zebra 
mussel and spiney water flea, may be 
prevented by the high water velocities (> 8 ft/s) 
in the apron and gate sections of the dam and 
positive downstream current.  

 
None. 

Establish a balanced predator/prey ratio in the 
resident fish community. 

+/-  Suitable habitat quality for smallmouth 
bass and other desirable fish species can be 
attained only in the upper reaches of the former 
impoundment.  Habitat quality for less 
desirable fish species tolerant of degraded 
habitat quality will remain less than suitable 
(i.e. carp). 

None. 

Upgrade aquatic conditions and provide 
streambank vegetation and in-stream habitat to 
restore, to the extent possible, species 
historically present but currently lost or present 
only in small numbers. 
 

-  Lack of bank erosion control devices will 
result in unstable bank conditions.  Water 
quality impacts may result.   
 
+/-  Habitat quality for desirable species 
currently present in small numbers (i.e. 
smallmouth bass and greater redhorse) will 
occur only in the upper reaches of the former 
impoundment. 
 
-  Maintaining the drawdown without 
modification of the structure will prevent the 
upstream migration of resident fish species 
absent or present in low numbers in the 
estuary.  Fish species extirpated from the 

None. 
 
 
 
None. 
 
 
 
 
 
 
 
None. 
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Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

estuary and river would need to be re-
established. 

Evaluate and implement recommendations 
regarding removal or modification of human-
made obstructions along the rivers which restrict 
navigation and natural fish movement, 
spawning, feeding, protection, development or 
winter habitat. 

+/-  Only anadromous salmonid species will be 
able to migrate beyond the dam apron and gate 
section.  Other estuary resident species will not 
have easy passage beyond the apron and gate 
section of the dam.  
 
-  Navigation barrier and hazard will remain. 

None. 
 
 
 
 
 
 
 
None.  

Restore and/or enhance upstream fish and 
wildlife habitat. 

+/-  Suitable smallmouth bass habitat will exist 
in the upper portion of the former 
impoundment only.  A more diverse terrestrial 
habitat will develop on the newly exposed 
floodplain.  
 
   

None. 
 

Protect upstream wetlands from any further loss 
or degradation and increase wetlands by 
restoration wherever feasible. 

+ No net loss of wetlands will occur. 
 
+ The facultative wetland community which 
developed since the 1990 drawdown will be 
maintained. 

None. 
 
None. 

Improve near-shore fishing opportunities. 
 

+/-  A moderate increase in near-shore fishing 
opportunities for resident species may be 
expected assuming suitable habitat exists in the 
uppermost reach of the former impoundment. 
 

None. 
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Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

+ An increase in near-shore fishing 
opportunities for anadromous species will 
occur. 

 
 
None. 
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Alternative 4 (Dam Removal - With Habitat Restoration) 
 
Removal of the dam and implementation of the recommended habitat restoration practices is generally 
compatible with the goals and objectives set forth in the Milwaukee Estuary Remedial Action Plan and 
the Lake Michigan Integrated Fishery Management Plan (Table 16).  
 
Fully or Partially Meeting Plan Objectives 
 
PCBs in the former impoundment sediments are proposed to be managed.  Therefore the potential health 
risks to human and wildlife populations will be greatly reduced.  Potential health risks to human and 
wildlife populations will also continue as a result of the remaining upstream sources of PCBs. 
 
The addition of cover and pool will improve habitat quality for smallmouth bass and other desirable game 
and non-game fish species.  Suitable habitat quality levels (HSI > 50) can be attained.   
 
Habitat quality for carp and other less desirable fish species will improve over the post-drawdown 
condition but will remain below suitable quality levels (HSI < 50) despite the addition of the 
recommended smallmouth bass habitat restoration practices. 
 
Removal of the dam will no longer prevent upstream and downstream movements of resident and 
anadromous fish species.  Estuary resident fish will have access to upstream feeding, spawning and 
nursery habitat.   
 
Recreational fishing opportunities for anadromous and estuary resident fish will increase significantly. 
   
The navigation barrier and hazard created by the dam will no longer exist if the dam structure is properly 
removed.  
 
The potential for infestations of free-floating exotic aquatic species as the zebra mussel and spiney water 
flea will be prevented provided positive downstream channel velocities are maintained, backwater effects 
from Lake Michigan and the estuary are minimized, and the movement of watercraft from the estuary 
upstream is restricted or banned.  Waterfowl or shorebirds are potential vectors for infestation regardless 
of the dam management alternative selected. 
 
The removal of the dam will not result in the loss of any pre-drawdown wetlands. 
 
The facultative wetland plant community created following the 1990 drawdown will be maintained. 
 
Bank erosion potential will be abated. 
 
Not Meeting Plan Objectives 
 
Dam removal may result in the migration of undesirable exotic and free-swimming fish species such as 
the sea lamprey and european ruffe.  The White perch has established viable populations in Indiana and 
Illinois harbors.  To date, the european ruffe has not been observed in Lake Michigan although some 
professional opinions are that it's infestation of Lake Michigan estuary waters is only a matter of time.  
While adequate sea lamprey spawning habitat appears to be present along free-flowing reaches upstream 
of the North Avenue impoundment, the presence of other natural and man-made barriers (i.e. Estabrook 
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Falls), the absence of native lamprey populations, and the absence of suitable habitat quality for lamprey 
larvae is unlikely to result in any additional production of sea lamprey upstream of the present North 
Avenue dam (Popowski, 1990). 
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Table 16: Compatibility of  Alternative 4 (Dam Removal - With Habitat Restoration) to Fully, Partially or 
Not Meet Water Resource and Fish Management Plan Objectives 

 

Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

Eliminate the need for fish and wildlife 
consumption advisories and reduce toxic 
contamination to levels that do not adversely 
affect other biota. 

+/-  Recommended habitat restoration 
practice (as cover and pool) is compatible 
with the recommended on-site sediment 
management alternative.  Direct fish tissue 
uptake of contaminants directly from the 
North Avenue impoundment sediment 
deposit will be significantly reduced or 
eliminated.  Additional upstream 
contaminated sediment deposits must also 
be managed. 

Monitor fish tissue for PCBs and update 
Fish Consumption Advisory as needed. 

Establish high quality fisheries by restoring 
both cold water and warm water species 
such as yellow perch, northern pike, 
smallmouth bass, walleye, trout and salmon, 
etc.  

+  Recommended habitat restoration 
practices will meet or exceed suitable  
habitat quality for smallmouth bass. 
 
+  Dam barrier to upstream and 
downstream migration of targeted 
management species is removed.  Removal 
will provide resident fish species access to 
potential upstream spawning and nursery 
areas. 

None. 
 
 
 
 
None. 

Protect against significant infestations of the 
sea lamprey, zebra mussel and other 
undesirable exotic species. 

-  Removal of dam will not restrict 
infestation of undesirable exotic fish 
species, specifically sea lamprey and 
european ruffe. 

Water quality conditions are not conducive 
to successful reproduction of sea lamprey 
larvae.  European ruffe has not been 
observed in Lake Michigan basin. White 
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Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

 
 
 
 
 
 
+  Removal of dam will not result in 
infestations by free-floating exotic aquatic 
species directly through the water media, 
specifically the reproductive veliger stage 
of the zebra mussel and spiney water flea 
provided positive downstream flow is 
maintained.  Other unrelated vectors 
include waterfowl and shorebirds.  

perch noted in northern Indiana and Illinois 
harbors.  Maintain waterfall barrier at 
Estabrook Park.      
 
Monitor for exotic species. 

Establish a balanced predator/prey ratio in 
the resident fish community. 

+  Removal of dam and the addition of 
more diverse habitat (cover, pool and free-
flowing conditions) may result in the 
development of a more structurally 
balanced fish community.  Suitable habitat 
quality for smallmouth bass and other 
desirable fish species can be attained.  
Habitat quality for less desirable fish 
species tolerant of degraded habitat quality 
will remain less than suitable (i.e. carp). 

None. 

Upgrade aquatic conditions and provide 
streambank vegetation and in-stream habitat 
to restore, to the extent possible, species 

+  Addition of in-stream and bank cover, 
pool and free-flowing conditions will 
improve habitat quality for desirable 

None. 
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Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

historically present but currently lost or 
present only in small numbers. 
 

species currently present in small numbers 
(i.e. smallmouth bass and greater 
redhorse). 
 
+  Removal of dam will allow upstream 
and downstream migration of fish species 
absent or present in low numbers in the 
estuary or upstream reaches due to the dam 
barrier.  Fish species extirpated from the 
estuary and river would need to be re-
established. 

 
 
 
 
 
None. 

Evaluate and implement recommendations 
regarding removal or modification of 
human-made obstructions along the rivers 
which restrict navigation and natural fish 
movement, spawning, feeding, protection, 
development or winter habitat. 

+  Removal of dam would allow 
uninhibited fish migrations upstream and 
downstream of the current dam site. 
 
+  Navigation hazard and barrier would be 
reduced or removed.  

None. 
 
 
 
 
None.  

Restore and/or enhance upstream fish and 
wildlife habitat. 

+  Addition of in-stream cover and pool 
will result in suitable habitat quality for 
smallmouth bass. 
 
   

None. 
 

Protect upstream wetlands from any further 
loss or degradation and increase wetlands by 
restoration wherever feasible. 

+ No net loss of wetlands will occur. 
 
+ The facultative wetland plant community 
that has developed since the 1990 
drawdown will be maintained. 

None. 
 
None. 
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Objective Compatibility 
+ fully  +/- partially  - not 

Additional Management 
Needs / Options 

Improve near-shore fishing opportunities. 
 

+ An increase in near-shore fishing 
opportunities for resident species may be 
expected assuming the addition of cover 
will increase carrying capacity. 
 
+ An increase in near-shore fishing 
opportunities for anadromous and estuary 
resident species will occur. 

None. 
 
 
 
 
 
None. 
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Additional Fish, Dam and Habitat Restoration Needs 
 
The following section proposes additional fish, dam or habitat restoration needs for all dam management 
alternatives which failed to fully meet water resource and fish management based plan objectives.  These 
additional river management measures are in addition to any of the previously recommended habitat 
restoration actions.  
 
Alternative 1 (Dam Retention - Without Habitat Restoration) and Alternative 3 (Dam Removal - 
Without Habitat Restoration)  
 
For both alternatives that preclude habitat restoration practices, Alternatives 1 and 3, we recommend that 
no additional management measures be implemented. 
 
Until the local and upstream sources of PCBs are managed, anglers should continue to observe the 
recommended fish consumption advisories for resident and anadromous fish species.  "Catch and release" 
recreational fishing should be promoted for those species posing the greatest potential human health risk 
through consumption.  Fish populations should continue to be sampled on a 5-year river basin schedule to 
provide anglers current information on the relative risks of consuming resident and anadromous fish. 
 
Alternative 2 (Dam Retention - With Habitat Restoration) and Alternative 4 (Dam Removal - With 
Habitat Restoration) 
 
For both alternatives that call for habitat restoration, Alternatives 2 and 4, we recommend that the 
following additional management measures also be implemented to meet the objectives or criteria set 
forth in the water resource management and fish management plans. 
 
1. For the particular case in which the dam would be retained (Alternative 2 only), a fish passage facility 

should be constructed and operated to mitigate the impact of the dam to fish migration and improve 
near-shore fishing opportunities.  The fish passage facility should be designed to accommodate 
upstream and downstream movements of resident coolwater and warmwater species to feeding, 
spawning and nursery areas, and deep water overwintering areas in the estuary (Pajak and Coshun, 
1989).   

 
 If the dam is retained and a fish passage facility is constructed (Alternative 2) or the dam is removed 

(Alternative 4), both alternatives should prove effective in preventing migrations of sessile and 
planktonic species.  Both alternatives may not be entirely effective in preventing migration of 
undesirable exotic fish species as the sea lamprey, white perch, or european ruffe.  However, to date, 
the european ruffe has not been observed in Lake Michigan, although some professional opinions are 
that its infestation is only a matter of time.  While adequate sea lamprey spawning habitat appears to 
be present along free-flowing reaches upstream of the North Avenue impoundment, the presence of 
other natural and man-made barriers (i.e. Estabrook Falls), absence of native sea lamprey populations, 
and the absence of suitable habitat quality for sea lamprey larvae reduces the probability of any 
additional production of sea lamprey from the Milwaukee River (Popowski, 1990).   

 
 If the dam is retained, Alternative 2 only, a properly designed and operated fish passage facility 

would allow fish movement  upstream of the dam.  However, many desirable resident migratory fish 
may not reach suitable spawning or nursery habitat until the far reaches of the impoundment or 
beyond. 
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2. In both cases, if the dam is retained and a fish passage facility is constructed (Alternative 2) or the 

dam is removed (Alternative 4), a program should be established to monitor the presence/absence of 
free-swimming exotic fish species, their uppermost migration limits, and viability of offspring. 

 
3. In both cases, if the dam is retained (Alternative 2) or removed (Alternative 4), fish populations 

should be continued to be sampled and analyzed for contaminants, most notably PCBs.  This activity 
is necessary to gage the effects of local and upstream sediment management activities and to continue 
to provide anglers current information related to the relative risks of consuming resident fish (and 
anadromous fish if the passage facility is constructed).   

  
 Additional upstream sediment sources of PCBs must also be managed to abate impacts.  Until the 

upstream sources of PCBs are managed, anglers should continue to observe the recommended fish 
consumption advisories for resident and anadromous fish species.  "Catch and release" recreational 
fishing should be promoted for those species posing the greatest potential human health risk through 
consumption. 

 
4. In both cases, if the dam is retained (Alternative 2) or removed (Alternative 4), a second level plan, 

whose goal is to restore or enhance the recreational and non-game fish populations historically 
present but currently present in small number or extirpated, should be developed and implemented.   

 
5. If the dam is retained, Alternative 2 only, consideration should be given to the construction and 

operation of an easy and safe portage around the dam for small, portable watercraft such as canoes.  A 
watercraft lift was evaluated, but high capital costs and the potential for unresolvable institutional 
issues regarding who pays, who retains ownership, and long term operation and maintenance costs 
make this alternative unattractive.  Easements, construction and operation agreements with the present 
private landowners would be required. 

 
3.5  IMPLEMENTATION NEEDS 
 
We prepared a planning level implementation strategy for each of the four potential dam and habitat 
restoration alternatives.  To the greatest extent possible, we attempted to answer the following questions: 
 
• What are the costs for implementing the various dam and habitat restoration alternatives? 
 
• Who are the lead and cooperating implementing entities? 
 
• What are the potential funding mechanisms? 
 
• What are the regulatory requirements? 
 
• What is the schedule? 
 
Following is an implementation strategy for each of the potential dam and habitat restoration alternatives. 
 
Alternative 1 (Dam Retention - Without Habitat Restoration) and Alternative 3 (Dam Removal 
Without Habitat Restoration)   
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No expenditures are proposed for any intensive fish or river management activities for these two 
alternatives.  WDNR fish management and water resource management programs routinely collect fish 
and analyze the tissue for contaminants, most notably PCBs.  This information is routinely collected on a 
five year revolving river basin schedule and is used to update fish consumption advisories.  Laboratory 
costs and personnel are borne by the river basin monitoring program.  No special regulations or permits 
are necessary for this activity. 
 
Total capital and annual operating costs are estimated at $ 0.00 
 
 
Alternative 2 (Dam Retention - With Habitat Restoration)  
 
Fish Habitat Restoration 
 
The addition of the recommended physical cover to the impoundment is estimated at $ 477,769 
(Appendix 8).  No operation or maintenance cost are provided.  It is assumed that if structures become 
inundated with silt, no silt removal or replacement of cover is proposed.   
 
We recommend that WDNR Fish Management and Water Resource Management programs take the lead 
in identifying, and to the extent possible, providing funds for implementing the fish habitat restoration 
activities. 
 
Potential funding sources include Dingle-Johnson and Salmon Stamp funds.  Salmon Stamp funds may be 
appropriate only if an anadromous fishery was developed upstream of the dam through construction and 
operation of a fish passage facility.  Both funds are administered by the Fish Management program.   
 
Application for state (Chapter 30.12) permits and approvals will be required for the addition of cover to 
the impoundment.  Construction of the fish cover will require cooperation between WDNR, City of 
Milwaukee (as dam owner and riparian), and Milwaukee County and private riparian landowners. 
 
Installation of fish cover devices is proposed to begin during or after implementation of the recommended 
sediment management alternative (WCC, 1993b).  Given the less than optimum benefits and question of 
permanence due to sedimentation, cover should be initially installed in small scale pilot projects.  Their 
biological effects and permanence should be assessed before large scale implementation. 
 
Construction of Fish Passage Facility 
 
Construction and operation of a fish ladder would be required to allow passage of native and anadromous 
fish upstream fish upstream and downstream of the dam.  The capital and engineering costs for a fish 
ladder which may allow passage of trout and salmon species is estimated between $100,000 and $150,000 
per vertical foot of head, or approximately $2 million dollars.  Annual operating cost is estimated at 
$75,000 to $125,000 for labor and materials.  It is important to recognize that while this structure will 
allow passage of anadromous trout and salmon, the ability to pass coolwater and warmwater sport fish 
(eg. northern pike, smallmouth bass, walleye), and nongame fish to upstream spawning and nursery areas 
is limited.  To accomplish management objectives for these latter species, a much lower gradient, longer 
and wider structure, and more costly structure ($2,500,000) would be needed (Bell, 1986; Thompson, 
1990). 
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We recommend that the WDNR Fish Management program take the lead in identifying and applying for 
potential funding the construction and operation of the fish passage facility. 
 
Potential funding sources for the fish passage facility are very limited especially given the lack of natural 
salmonid fish production expected from this reach of river.  Federal Sport Fish Restoration funds may be 
the only funding source for the fish passage facility.  These funds are administered by the Fish 
Management program. 
 
Construction of a fish passage facility along the dam will require the cooperation of the WDNR, the City 
of Milwaukee (as dam owners), and Milwaukee County or the private property owners abutting the dam.  
Approval for construction of the facility would be required from the City of Milwaukee.  Permits for 
construction of the facility would also be required from the State (C. 30.12) and U.S. Army Corps of 
Engineers. 
 
Installation of a fish passage facility is proposed to begin after implementation of the recommended 
sediment management alternative (WCC, 1993b). 
 
Recreational and Non-Game Fish Population Restoration 
 
Supplemental stocking of anadromous fish species, most notably rainbow trout, is recommended to 
provide an enhanced anadromous recreational sport fishery upstream of the constructed fish passage 
facility.  The Milwaukee River would be retained as a Class 1 steelhead river.  As such, stocking rates for 
2-3 strains of rainbow trout at rates of 25,000 fish per year would provide a recreational rainbow trout 
fishery over a 8-9 month period.  Current stocking rates for 16,675 coho salmon and 84,625 chinook 
salmon should be maintained.  None of the dam management alternatives will result in an immediate 
increase in the salmonid stocking rates as the hatchery facilities are operating at 100% capacity.  Rather, 
any increase in stocking rates for the Milwaukee River would be through a re-distribution of stockings 
from other tributaries. 
 
The most likely change in stocking procedures, given improved fish passage at the North Avenue Dam 
site, would be to stock salmonids further upstream.  This would allow better imprinting of smolts to the 
Milwaukee River resulting in better returns and improved catch rates.  The exact location for stocking 
upstream of the dam would have to be determined.  The further upstream they are stocked, the better 
upstream return by the survivors.  Upstream stocking impacts include higher losses to predation by 
resident fish on out-migrating smolts.  On-going creel census projects should be expanded upstream to 
evaluate the recreational angler increase.  No additional costs are expected for these activities.   
 
No stocking of resident game or non-game fish species is recommended until a second level fish 
restoration plan is completed by WDNR. 
 
No special regulations or permits are required for these activities. 
 
Fish Collection and Tissue Analysis for Contaminants and Monitoring for Exotic Fish Species  
 
Fish tissue collection and analysis for PCBs and other contaminants will continue on a five year revolving 
river basin schedule.  This information will be used to update fish consumption advisories.  We 
recommend that WDNR implement fish collection and tissue analysis activities. 
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Concurrent to collecting specimens for tissue analysis, we recommend that the WDNR monitor the fish 
community for absence/presence of exotic fish species, the most notable of concern being the european 
ruffe, white perch and sea lamprey.  
 
Boat Lift or Portage 
 
Construction of a boat lift would exceed $500,000, excluding design, engineering and project 
management costs.  Costs associated with obtaining easements and construction of a small portable craft 
portage are not known. 
 
Application for state (Chapter 30.12) permits and approvals will be required for construction of the boat 
lift.  Construction of a lift or portage will require cooperation between WDNR, City of Milwaukee (as 
dam owner), and Milwaukee County and the abutting private land owners.  A boat lift or portage may 
provide a vector for infestations of exotic aquatic species, most notably the zebra mussel.   
 
Total capital costs for this alternative are estimated between $2.0 million and $2.5 million and is 
exclusive to the fish passage facility. 
 
Annual operation costs for the fish passage facility is estimated between $75,000 and $125,000. 
 
Alternative 3 (Dam Removal - Without Habitat Restoration)   
 
WDNR Fish Management and Water Resource Management programs should continue to routinely 
collect fish and analyze the tissue for contaminants, most notably PCBs.  This information is routinely 
collected on a five year revolving river basin schedule and is used to update fish consumption advisories.  
No special regulation or permit requirements exist for this activity. 
   
Total capital and operating costs for this alternative are $ 0.00 
 
Alternative 4 (Dam  Removal - with Habitat Restoration)   
 
Fish Habitat Restoration 
 
The addition of the recommended physical cover to the impoundment is estimated to cost $ 151,723 
(Appendix 8).  No operation or maintenance cost are provided.  We recommend that the WDNR fish 
management and water resource management programs take the lead in identifying, and to the extent 
possible, providing funds for implementing the fish habitat restoration activities. 
 
Potential funding sources include Salmon Stamp and Sport Fish Restoration funds currently administered 
by the fish management program.  To the extent that these practices can be shown to abate nonpoint 
sources of pollution (i.e. rip rap for bank erosion protection purposes), Section 319 grants administered by 
the USEPA and Nonpoint Source Priority Watershed funds administered by the WDNR may provide 
some matching funds to public or private landowners (state share at 100% for engineering and design, and 
70% for construction).  Private groups have expressed an interest in providing limited funds and/or labor 
for the installation of fish cover, including Trout Unlimited, Wisconsin Conservation Corps, Milwaukee 
Community Service Corps and Occupational Industrialization Corporation. 
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Application for state (Ch. 30.12) permits and approvals will be required for in-stream and bank cover 
construction activities.  Construction of the fish cover will require cooperation between the WDNR, City 
of Milwaukee, Milwaukee County and private riparian landowners. 
 
Installation of fish cover devices is recommended to begin after or in conjunction with implementation of 
the recommended sediment management alternative (WCC, 1993b).  Fish habitat, bank cover and bank 
erosion protection devices should be designed and installed concurrently. 
 
Recreational and Non-Game Fish Population Restoration 
 
Supplemental stocking of anadromous fish species, most notably rainbow trout, is recommended to 
provide an enhanced anadromous recreational sport fishery upstream of the abandoned dam site.  The 
Milwaukee River would be retained as a Class 1 steelhead river.  As such, stocking rates for 2-3 strains of 
rainbow trout at rates of 25,000 fish per year would provide a recreational rainbow trout fishery over a 8-
9 month period.  Current stocking rates for 16,675 coho salmon and 84,625 chinook salmon should be 
maintained.  None of the dam management alternatives will result in an immediate increase in the 
salmonid stocking rates as the hatchery facilities are operating at 100% capacity.  Rather, any increase in 
stocking rates for the Milwaukee River would be through a re-distribution of stockings from other 
tributaries. 
 
The most likely change in stocking procedures, given improved fish passage beyond the abandoned North 
Avenue Dam site, would be to stock salmonids further upstream.  This would allow better imprinting of 
smolts to the Milwaukee River resulting in better returns and improved catch rates.  The exact location for 
stocking upstream of the dam would have to be determined.  The further upstream they are stocked, the 
better upstream return by the survivors.  Upstream stocking impacts include higher losses to predation by 
resident fish on out-migrating smolts.  When compared to a fish passage facility (Alternative 2) or 
allowing the dam gates to remain open (Alternative 3), better rates of fish returns to upstream locals 
would be expected in the partial/complete dam removal alternative (Alternative 4).  On-going creel census 
projects should be expanded upstream to evaluate the recreational angler increase.  No additional costs are 
expected for these activities. 
 
No stocking of resident game or non-game fish species is recommended until a second level fish 
restoration plan is completed by WDNR. 
 
WDNR fish management and water resource management programs should continue to routinely collect 
fish and analyze the tissue for contaminants, most notably PCBs.  This information is routinely collected 
on a five year revolving river basin schedule and is used to update fish consumption advisories.  No 
special regulation or permit requirements exist for this activity. 
 
Fish Collection and Tissue Analysis for Contaminants and Monitoring for Exotic Fish Species  
Fish tissue collection and analysis for PCBs and other contaminants will continue on a five year revolving 
river basin schedule.  This information will be used to update fish consumption advisories.   We 
recommend that WDNR implement fish collection and tissue analysis activities. 
 
Concurrent to collecting specimens for tissue analysis, we recommend that the WDNR monitor the fish 
community for absence/presence of exotic fish species, the most notable of concern being the european 
ruffe, white perch and sea lamprey.   
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Total capital and annual operating costs for this alternative are $ 0.00 
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This report appraises the quality of fish habitat in the Milwaukee River North Avenue impoundment for 
four dam and river management alternatives.  The four alternatives were: 
 
 Alternative 1 (Dam Retention - Without Habitat Restoration).  The impounded condition which 

existed in the North Avenue impoundment before the December 1990 drawdown. Assumes the dam 
gates are closed and habitat restoration or other management options are not implemented. 

 
 Alternative 2 (Dam Retention - With Habitat Restoration).  Describes the conditions which could 

exist if the dam were retained.  Assumes the dam is retained and certain habitat restoration 
management options are implemented.  For this evaluation, habitat restoration involves the following 
activities: addition of rocky substrate; mechanical aeration; dredging; and, the addition of cover (i.e. 
brush, pools, deflectors and riprap). 

 
 Alternative 3 (Dam Removal - Without Habitat Restoration).  The free-flowing condition which 

currently exists in the North Avenue impoundment study area after the December 1990 drawdown.  
Assumes the dam gates are left open and habitat restoration or other management options are not 
implemented.   

 
 Alternative 4 (Dam Removal - With Habitat Restoration).  The condition which could exist if the 

dam were removed.  Assumes the dam is removed and certain habitat restoration or other 
management options are implemented.  For this evaluation, habitat restoration involves the following 
activities: addition of rocky substrate; mechanical aeration; dredging; and, the addition of cover (i.e. 
brush, pools, deflectors and riprap). 

 
The quality of habitat was appraised using the U.S. Fish and Wildlife Service's Habitat Suitability Index 
(HSI) models for smallmouth bass and common carp.  The smallmouth bass lacustrine and riverine 
versions were modified for certain physical cover variables to be consistent with the Fish Habitat Rating 
System for Wisconsin Rivers (Simonson el al. 1994). 
 
The 2.3-mile study area was divided into three reaches based on physical habitat similarities.   HSI values 
were calculated for each of the three river reaches and for the overall study area.   Potential HSI values 
range from 0.00 (minimum habitat quality) to 1.00 (optimum habitat quality).  This study and a 
previously referenced study propose that an HSI value > 0.50 provides acceptable habitat quality.  
Individual physical and water quality habitat variables are proposed as being limiting if their subindex 
(SI) value are < 0.25.  An array of potential habitat restoration practices were evaluated to improve 
limiting habitat variables.  Technically and institutionally feasible habitat restoration practices were 
recommended to attain suitable habitat quality levels for smallmouth bass and, to the extent possible, 
minimal suitable habitat for common carp.   
 
Each of the four alternatives was judged for compatibility with other water resource management and fish 
management plan objectives.  Additional habitat restoration actions were recommended for those 
alternatives that failed to fully meet plan objectives.  
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Assessment of Dam Management Alternatives  
 
Dam Retention Alternatives 
 
Under impounded conditions, the North Avenue impoundment is formed as an elongated, narrow and 
shallow basin.  Banks are relatively stable with woody vegetation and lesser amounts of rock.  Prior to the 
December 1990 drawdown, maximum water depths in the thalweg were variable, ranging from 10 ft. 
along the middle and lower reaches to 5 ft. along the upper reaches.  The basin is dominated (70%) by a 
shallow littoral area with maximum depth ranging from 0.5 to 1.5 ft.  Overall, the impoundment substrate 
is dominated by non-cohesive, organically rich and anaerobic fine silt-clay fractions.  Macrophyte 
(Myriophyllum spp.) growth along the littoral areas is abundant and dense.  Cover for more desirable fish 
species is rare.  What little cover exists is in the form of woody and concrete debris.  Macrophyte growth 
is very dense and therefore provide limited quality cover.  Since 1975, dissolved oxygen levels have a 
16% probability of falling below the state water quality standard of 5 mg/l.  Low dissolved oxygen 
concentrations, which typically characterize the impoundment, are a result of aquatic plant respiration 
(phytoplankon and macrophytes) and sediment oxygen demand.  Low dissolved oxygen levels are most 
severe during warmwater periods, under low light levels and below the macrophyte beds.   
 
Alternative 1 (Dam Retention - Without Habitat Restoration). 
 
Suitable physical and water quality habitat for smallmouth bass is absent from all three impounded river 
reaches under this management alternative.  Habitat quality for smallmouth bass was shown to be 
unacceptable due to a lack of sufficient water depth, insufficient amounts of cover for adult fish, a lack of 
rocky substrate, and low dissolved oxygen concentrations.  If the dam is retained, habitat restoration 
actions for smallmouth bass and other desirable forage and game fish species should include increasing 
water depth in one of the three reaches, and increasing the amount of rocky substrate, physical cover and 
dissolved oxygen concentrations in all reaches.  
 
Contrary to smallmouth bass, near optimum physical and water quality habitat is present for common carp 
along all three river reaches.  Habitat quality for common carp was only marginally impacted by 
excessive amounts of littoral area in one reach and low dissolved oxygen in all reaches.  If the dam is 
retained, common carp habitat should be reduced wherever such practices do not negatively impact 
smallmouth bass habitat.  Specifically, common carp habitat should be reduced by decreasing the density 
and areal extent of macrophytes in all river reaches, and reducing the amount of shallow littoral area in 
one of the three reaches. 
 
Alternative 2 (Dam Retention - With Habitat Restoration). 
 
Under Alternative 1 (Dam Retention - Without Habitat Restoration) above, smallmouth bass physical and 
water quality habitat was described to be limited by the absence of rocky substrate, low dissolved oxygen 
concentrations, insufficient amounts of cover, and inadequate depths.  Increasing the amount of available 
cover was the only physical or water quality habitat restoration practice recommended for this dam 
retention alternative.  The other potential habitat restoration practices were eliminated from further 
consideration for a variety of reasons.  These include a suspected reluctance among units of government 
and private landowners to conduct an aeration feasibility study, in addition to the responsibilities to 
locate, operate and maintain aeration equipment.  The impacts from chronic sedimentation were the most 
important factors preventing the consideration of other physical habitat restoration practices. 
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The addition of physical cover, such as boulder and woody snags, along all three of the impounded river 
reaches failed to produce suitable smallmouth bass habitat quality along any of the impounded river 
reaches, or the overall study area.  The lack of rocky substrate, low dissolved oxygen levels and chronic 
sedimentation is expected to continue to limit smallmouth bass and other desirable forage and game fish 
habitat quality. 
 
The addition of cover for smallmouth bass would be expected to improve physical habitat for adult carp.  
With or without the addition of smallmouth bass cover to the impoundment, the overall habitat quality for 
carp would remain near optimum quality levels. 
 
Dam Removal Alternatives 
 
Under free-flowing river conditions, the study area is dominated by moderately deep runs.  Pool cover 
and riffles are infrequent.  During base flow conditions, maximum water depths range from 5 ft. along the 
middle and lower reaches to 3 ft. along the upper reaches.  Banks range from stable to erodible.  The 
inside of the river bends are dominated by more erodible deposits of coarse sand to silt-clay textured 
materials.  Approximately 5,000 ft. of bank have been identified to be potentially erodible.  The outside 
of the river bends are generally stable with woody vegetation or rocky material.  Overall, the free-flowing 
river substrate is dominated by coarse sand to gravel and rubble/boulder along the upper river reaches, to 
cohesive fine textured silt-clay material along the middle and lower river reaches.  Macrophyte growth is 
rare to absent.  Cover for the more desirable fish species is rare.  Woody snags and boulder type cover is 
most abundant in the upper reaches of the study area.  The lower reaches of the study area are generally 
deficient of cover with the exception of occasional woody snags, concrete rubble and small pools.  Since 
1991, dissolved oxygen levels have not been observed to fall below the state water quality standard of 5 
mg/l.  Physical aeration, lack of macrophytes and lower sediment oxygen demanding sediments result in 
more acceptable dissolved oxygen concentrations.   
 
Alternative 3 (Dam Removal - Without Habitat Restoration). 
 
Under this alternative, suitable smallmouth bass physical and water quality habitat exists along only one 
of the three free-flowing study area.  Physical habitat quality for smallmouth bass was shown to be 
unacceptable along two of the three river reaches due to a lack of rocky substrate, insufficient amounts of 
physical cover for adult fish, and less than adequate amounts of pool cover.  Water quality habitat was 
near optimum levels.  If the dam is removed, habitat restoration actions for smallmouth bass and other 
desirable forage and game fish species should emphasize increasing the amount of pool in all reaches, and 
rocky substrate and physical cover as boulders and woody snags along two of the three reaches. 
 
Suitable physical habitat quality for common carp is absent along all three of the free-flowing river 
reaches under this management alternative.  Habitat quality for common carp was shown to be 
unacceptable due to the absence of vegetative cover, pools and backwater areas in all reaches, and 
insufficient cover in one of three reaches.  If the dam is removed, the existing common carp habitat 
should be maintained at or even reduced below current levels, provided such practices do not negatively 
impact smallmouth bass habitat.  More specifically, the availability of dense macrophytes beds and 
shallow backwater areas should be maintained at, or below, current post-drawdown low levels. 
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Alternative 4 (Dam Removal - With Habitat Restoration). 
 
Under Alternative 3 (Dam Removal - Without Habitat Restoration) above, suitable smallmouth bass 
physical habitat quality was previously shown to be limited by lack of rocky substrate, and insufficient 
amounts of physical cover and pools along two of the three free-flowing river reaches.  Suitable habitat 
quality was shown to exist in the upper-most reach of the study area.  Increasing the amount of rocky 
substrate, physical cover, such as boulder and woody snags and pool, were all considered feasible habitat 
restoration practices, especially from a permanence standpoint.  Unlike the dam retention alternative, 
these habitat restoration practices would not be significantly influenced by sedimentation.  Stream 
velocities capable of scouring fine textured substrate will exist under normal and even low flow 
conditions.   
 
The addition of physical cover along the two lower river reaches and pool cover along the first river reach 
produced suitable smallmouth bass habitat quality along all free-flowing river reaches.  The addition of 
cover was assumed to be in addition to the cover which would be provided as a result of bank erosion 
control rip rap installation.  If river bank rip rap is installed, the actual amount of rocky cover needed to 
attain the same habitat quality would be approximately one-third to one-half of the recommended amount 
(see Woodward-Clyde Consultant Technical Memorandum No. 11 Sediment Management). 
 
The addition of cover and pool for smallmouth bass would only marginally improve habitat quality for 
common carp.  The habitat quality level for carp would remain below suitable levels for both of the dam 
removal alternatives.   
 
Comparison of HSI Values 
 
The two dam removal alternatives (with and without habitat restoration) provide better habitat quality for 
smallmouth bass.  Both dam removal alternatives yielded poorer habitat quality for common carp.  These 
trends were generally shown for the overall two-mile study area, and on a river reach-by-reach basis. 
 
On a scale of 0.00 to 1.0, smallmouth bass habitat quality for the four alternatives ranked as follows, 
where a HSI value of > 0.50 is considered suitable habitat quality: 
 
Alternative 4 (Dam Removal - With Habitat Restoration) = 0.56 
Alternative 3 (Dam Removal - Without Habitat Restoration) = 0.43  
Alternative 2 (Dam Retention - With Habitat Restoration) = 0.35  
Alternative 1 (Dam Retention - Without Habitat Restoration) = 0.18  
 
On a scale of 0.00 to 1.0, common carp habitat quality for the four alternatives ranked as follows, where a 
HSI value of > 0.50 is considered suitable habitat quality: 
 
Alternative 2 (Dam Retention - With Habitat Restoration) = 0.73  
Alternative 1 (Dam Retention - Without Habitat Restoration) = 0.73  
Alternative 4 (Dam Removal - With Habitat Restoration) = 0.40 
Alternative 3 (Dam Removal - Without Habitat Restoration) = 0.37  
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Existing Plan Objectives  
 
Each of the dam and river management alternatives we evaluated for compatibility with existing water 
resource and fish management plans.  The compatibility of the various combinations of dam retention and 
dam removal alternatives (with and without habitat restoration actions) to plan objectives were evaluated. 
 Generally, none of the four alternatives are fully capable of meeting all of the water resource and fish 
management plan objectives.  However, Alternative 4 (Dam Removal - With Habitat Restoration), did 
meet most of the resource-based plan objectives when compared to the other alternatives, followed by 
Alternative 3, Alternative 2 and lastly Alternative 1.  The following section summarizes each of the four 
management alternatives relative to meeting existing water resource and fish management plans. 
 
Dam Removal Alternatives 
 
Alternative 4 (Dam Removal - With Habitat Restoration) 
 
In our analysis, Alternative 4 (Dam Removal - With Habitat Restoration) partially or fully met most of the 
resource based plan objectives.   
 
Negatively speaking, partial or complete removal of the dam may result in the upstream migration of 
undesirable exotic and free-swimming fish species such as the european ruffe, sea lamprey and white 
perch.  However, to date, the european ruffe has not been observed in Lake Michigan.  Its distribution has 
been restricted to Lake Superior in the areas of Thunder Bay, ONT, the St. Louis River estuary and the 
western shore of Bayfield County, WI.  While adequate physical sea lamprey spawning habitat appears to 
be present along free-flowing reaches upstream of the North Avenue impoundment, it is the opinion of 
USFWS biologists that the presence of other natural and man-made barriers (e.g. Estabrook Falls), 
absence of native sea lamprey populations, and the absence of suitable habitat quality for sea lamprey 
larvae, will reduce the probability of additional production of sea lamprey from the Milwaukee River.  
One specimen of white perch was collected from the Milwaukee River estuary in 1989.  However, its 
presence has been well-documented in Green Bay and the near shore harbor areas of Illinois and Indiana. 
 
On the other hand, partial or complete dam removal and implementation of the recommended sediment 
management practices will reduce human and wildlife health risks associated with localized sediment flat 
sources of PCBs (see Woodward-Clyde Consultant Technical Memorandum No. 11 Sediment 
Management).  Nonetheless, upstream sources of PCBs must also be managed to eliminate fish 
consumption advisories.  Suitable habitat quality for smallmouth bass and other desirable game and non-
game fish species can be attained while maintaining habitat quality for common carp below suitable levels 
under this alternative.  Improved habitat quality and carrying capacity, and elimination of the fish 
migration barrier would result in improved recreational fishing opportunities for resident and anadromous 
fish species.  Resident fish populations from upstream and estuary areas would have access to upstream 
feeding, spawning and nursery habitat, and downstream access to deep water overwintering habitat.  The 
removal of the dam should not result in the loss of any pre-drawdown wetlands, and the facultative 
wetland plant community which has developed over the sediment flats since the drawdown would be 
maintained.  
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Alternative 3 (Dam Removal - Without Habitat Restoration) 
 
The inability of this alternative to meet some of the resource management plan objectives is related to the 
partially remaining physical barrier presented by the dam structure (gates and apron) and inability to 
produce suitable habitat quality for smallmouth bass in all free-flowing reaches.  
 
In consideration of the benefits, removing the dam without habitat restoration actions will be an effective 
measure in preventing the migration of undesirable exotic aquatic life species upstream.  Retention of the 
dam will not result in the loss of any pre-drawdown wetlands nor will the facultative wetland plant 
community which has developed on the sediment flats since the drawdown be lost through inundation.  
Habitat quality for common carp will remain well below suitable levels.  Upstream fishing opportunities 
for anadromous fish species, most notably steelhead and chinook salmon, will increase significantly.  
Some increase in the carrying capacity for resident fish species will occur as a result of habitat quality 
improvements in the upper free-flowing river reaches only.  Upstream resident fish species will have 
access to estuary deepwater overwintering areas. 
 
Reversely, allowing the dam to remain open without implementing the recommended sediment 
management practices will only partially reduce the human and wildlife health risks associated with 
localized sediment flat sources of PCBs (see Woodward-Clyde Consultant Technical Memorandum No. 
11 Sediment Management).  While channel sediment concentrations of PCBs are at or below laboratory 
detection levels, eroding stream banks may contribute additional PCBs to the river.  Suitable habitat 
quality for smallmouth bass and other desirable game and non-game fish species can only be attained in 
the upper-most reaches of the free-flowing river.  Estuary resident coolwater and warmwater fish species 
will have difficulty migrating past the dam structure during most flow conditions.  Salmonids will have 
difficulty migrating past the dam during high flow conditions.   The open dam gates will create a 
navigational hazard. 
 
Dam Retention Alternatives 
 
Alternative 2 (Dam Retention - With Habitat Restoration) 
 
The inability of this alternative to meet many of the resource based plan objectives is related to the 
physical barrier created by the dam.  Under this condition, suitable habitat quality for smallmouth bass 
can not be attained.  Inversely, habitat quality remains at near optimum levels for common carp. 
 
The remaining dam structure would continue to prevent migration of anadromous and resident fish 
species upstream and downstream of the dam, and maintain a barrier to navigation.  Despite installing the 
recommended habitat restoration practices, habitat quality for smallmouth bass and other desirable game 
and non-game fish species can not be attained.  Expected low dissolved oxygen concentrations and the 
chronic impacts of sedimentation will prevent the establishment of suitable habitat.  Suitable habitat 
quality will, however, be maintained for common carp.  Marginal improvements in the fish carrying 
capacity in the impoundment will provide some increased recreational fishing opportunities.  The 
maintenance of the fish migration barrier will limit recreational fishing opportunities for anadromous and 
estuary resident fish species to the estuary only.  Resident fish populations from upstream and estuary 
areas will be restricted from accessing upstream feeding, spawning and nursery habitat, and downstream 
access to deep water overwintering habitat.  Re-flooding the sediment flats would inundate the facultative 
wetland plant community which has evolved on the site since the December 1990 drawdown. 
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From a resource management perspective, retaining the dam and implementation of the recommended 
sediment management practices will reduce human and wildlife health risks associated with localized 
sediment flat sources of PCBs (see Woodward-Clyde Consultant Technical Memorandum No. 11 
Sediment Management).  Upstream sources of PCBs must also be managed to eliminate fish consumption 
advisories.  Retention of the dam will be effective in preventing the migration of undesirable exotic 
aquatic life species upstream.  Retention of the dam will not result in the loss of any pre-drawdown 
wetlands. 
 
Alternative 1 (Dam Retention - Without Habitat Restoration)  
 
This alternative was least capable of fully or partially meeting the objectives set forth in existing water 
resource and fish management plans.  Similar to Alternative 2 (Dam Retention - With Habitat 
Restoration), the inability of this alternative to meet most of the resource-based plan objectives is related 
to the physical barrier created by the dam.  This alternative is not capable of producing suitable habitat for 
smallmouth bass, and habitat quality for common carp is near optimum levels. 
 
The remaining dam structure will continue to prevent upstream and downstream migration of anadromous 
and resident fish species, and maintain a barrier to navigation.  Habitat quality for smallmouth bass and 
other desirable game and non-game fish species will remain well below suitable quality levels.  The lack 
of cover and rocky substrate, shallow water depths, abundant aquatic plant growth, expected low 
dissolved oxygen concentrations and the chronic impacts of sedimentation will prevent the establishment 
of suitable habitat.  Suitable habitat quality will, however, will be maintained for common carp.  No 
improvements in the fish carrying capacity in the impoundment will occur.  As such, no increase in 
recreational fishing opportunities will occur.  The maintenance of the fish migration barrier will limit 
recreational fishing opportunities for anadromous and estuary resident fish species to the estuary only.  
Resident fish populations from areas upstream of the dam and downstream estuary area will be restricted 
from accessing upstream feeding, spawning and nursery habitat, and downstream access to deep water 
overwintering habitat.   Re-flooding the sediment flats would inundate the facultative wetland community 
which has evolved on the site since the December 1990 drawdown.  Retaining the dam and failure to 
implement the recommended sediment management practices will maintain human and wildlife health 
risks associated with localized sediment sources of PCBs (see Woodward-Clyde Consultant Technical 
Memorandum No. 11 Sediment Management). 
 
From a resource management perspective, retaining the dam will be an effective measure in preventing 
the migration of undesirable exotic aquatic life species upstream.  Retention of the dam will not result in 
the loss of any pre-drawdown wetlands. 
 
Alternatives 2 and 4 we selected for discussion for the remainder of this technical memorandum.  We 
selected these alternatives based on three considerations:  ability to promote smallmouth bass habitat, 
while deterring common carp; secondly, the ability of the alternative to mesh with existing water resource 
and fish management plan objectives; thirdly, extraneous challenges, more specifically related to how 
each of the dam and river management plans are consistent with the recommendations or objectives 
contained in other feasibility study technical memorandum. 
 
Alternative 1 (Dam Retention - Without Habitat Restoration) was eliminated from further consideration 
for implementation because it failed to attain suitable habitat quality levels for smallmouth bass and other 
desirable fish species while reducing habitat quality for common carp. This alternative failed to meet even 
a minimal number of existing water resource and fish management plan objectives. 
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Alternative 3 (Dam Removal - Without Habitat Restoration) was also eliminated from further 
consideration for implementation because it failed to attain suitable habitat quality levels for smallmouth 
bass and other desirable fish species along all free-flowing river reaches.  If based solely on meeting 
fishery related objectives, this alternative would partially or fully meet most of those objectives.   
 
Finally, Alternatives 1 and Alternative 3 both assume that no other recommendation contained in any of 
the complement technical memorandum would be implemented.  To that end, the absence of proper 
management and abatement of PCB contaminated sediment under these alternatives will prevent the 
establishment and maintenance of a healthy fish and aquatic life community, safe for human and wildlife 
consumption.  Therefore, we recommend that these dam management alternatives not be pursued for 
implementation. 
 
The following section proposes fish or related river management needs for the remaining recommended 
dam and river management alternatives: Alternative 2 (Dam Retention - With Habitat Restoration) and 
Alternative 4 (Dam Removal - With Habitat Restoration).  These additional management actions are 
offered in an attempt to satisfy those previously discussed water resource or fish management plan 
objectives which could not be met. 
 
Alternative 2 (Dam Retention - With Habitat Restoration) and Alternative 4 (Dam Removal - With 
Habitat Restoration) 
 
For both alternatives that call for habitat restoration, Alternatives 2 and 4, we recommend that the 
following management measures be implemented to meet habitat restoration goals and the objectives set 
forth in this study and existing water resource management and fish management plans. 
 
Habitat Restoration Practices 
 
1. If the dam is retained, we recommend the installation of approximately 260,000 ft2 of physical cover, 

such as boulder and woody snags, along the impoundment's thalweg only.  Installation of 
fish cover devices is proposed to begin during or after implementation of the 
recommended sediment management alternative (WCC, 1993b).   

 
 Given the less than optimum benefits and question of permanence due to sedimentation, we recommend 

that cover initially be installed as small scale pilot projects.  Their biological effects, performance and 
permanence should be assessed before large scale implementation. 

 
2.  If the dam is partially or completely removed, we recommend the installation of 

approximately 82,000 ft2 of physical cover, such as boulder and woody snags, and 32,000 
ft2 of pool cover through excavation and/or installation of wing deflectors.  Cover needs 
should be deleted or in addition to that provided by bank rip rap erosion protection.  
Installation of fish cover devices is proposed to begin during implementation of the 
recommended sediment management alternative (WCC, 1993b), particularly the rip rap 
and bioengineered bank systems.   

 
 In both cases, whether the dam is retained or removed, we recommend that WDNR fish management 

and water resource management programs take the lead in identifying, and to the extent possible, 
providing funds for implementing the fish habitat restoration activities.  Habitat restoration activities 
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may be eligible for Sport Fish Restoration and Salmon Stamp funds. Both funds are administered by the 
Fish Management program.  In addition, and to the extent that these practices can be shown to abate 
nonpoint sources of pollution (e.g. rip rap for bank erosion protection purposes), Section 319 grants 
administered by the USEPA and Nonpoint Source Priority Watershed funds administered by the 
WDNR may provide some matching funds to public or private landowners (state share at 100% for 
engineering and design, and 70% for construction). 

 
3. We recommend that the WDNR solicit private group involvement, both labor and funds, for 

implementing habitat restoration actions.  Furthermore, we recommend WDNR 
subcontract with local youth labor programs to construct habitat restoration projects, 
including but not limited to, the Wisconsin Conservation Corps, Milwaukee Community 
Service Corps and the Occupational Industrialization Center. 

 
4. We recommend WDNR apply for the necessary state (Chapter 30.12) permits required for the addition 

of cover.  Construction of the fish cover will require cooperation between WDNR, City 
of Milwaukee, Milwaukee County and private riparian landowners. 

 
Fish Passage Facility 
 
1. For the particular case in which the dam would be retained, Alternative 2 only, we recommend that a 

fish passage facility be constructed and operated to mitigate the impact of the dam to fish 
migration and improve upstream and near-shore fishing opportunities.  The fish passage 
facility should be designed to accommodate upstream and downstream movements of 
resident game and non-game species, and anadromous species alike. 

 
2. We recommend that the WDNR fish management program take the lead in identifying and applying for 

potential funds to construct and operate the fish passage facility recognizing that funding 
sources for this facility are very limited especially given the lack of natural salmonid fish 
production expected from this reach of river.  Federal Sport Fish Restoration funds may 
be the only funding source for the fish passage facility.  These funds are administered by 
the fish management program. 

 
3. Construction of a fish passage facility along the dam will require cooperation and approval from the 

city of Milwaukee (as dam owner), and Milwaukee County or private property owners 
depending on which abutment it is constructed.  Approval for construction of the facility 
would be required from the City of Milwaukee.  Permits for construction of the facility 
would be required from the state as part of the rules governing Chapters 30 (structure) 
and Chapter 31 (dams).  A federal 404 permit would be required for the placement of the 
facility onto the bed of the river. 

 
4. We recommend that installation of a fish passage facility begin after implementation of the 

recommended sediment management alternative (WCC, 1993b). 
 
Recreational and Non-Game Fish Population Restoration 
 
In both cases, if the dam is retained and a fish passage facility is constructed (Alternative 2) or the dam is 
removed (Alternative 4), we recommend the following fish restoration actions: 
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1. We recommend WDNR continue supplemental stocking of anadromous fish species, most notably 
steelhead trout and chinook salmon to provide an enhanced anadromous recreational 
sport fishery upstream of the abandoned dam site.  Stocking rates should be maintained 
for 2-3 strains of steelhead trout at rates of 25,000 fish per year.  This would provide a 
recreational steelhead fishery over a 8-9 month period.  Current stocking rates of 16,675 
coho salmon and 84,625 chinook salmon should also be maintained. 

 
2. We recommend WDNR re-assess stocking allocations for the Milwaukee River in consideration of the 

potential significant increase in stream miles accessible by anadromous fish.   
 
3. We recommend the exact location for stocking upstream of the dam be evaluated by the WDNR to 

maximize return rates and fishing opportunities, and that on-going or planned creel 
census projects be expanded upstream to evaluate the recreational angler increase. 

 
Portage for Small Watercraft 
 
1. If the dam is retained, Alternative 2 only, a safe and accessible portage around the dam for small, 

portable craft such as canoes should be constructed and operated.  Easements, 
construction and operation agreements with Milwaukee County or present private 
landowners may be required.  Signs should clearly notify boaters of the approaching dam 
and portage location. 

 
2. If the dam is partially or completely removed, it should be abandoned in such a way as to eliminate any 

potential as a navigation hazard. 
 
Monitoring 
 
1. In both cases, if the dam is retained (Alternative 2) or removed (Alternative 4), fish populations should 

be continued to be sampled and analyzed for contaminants, most notably PCBs.  This 
activity is necessary to gage the effects of local and upstream sediment management 
activities and to continue to provide anglers current information related to the relative 
risks of consuming resident fish (and anadromous fish if the passage facility is 
constructed).   

  
 Additional upstream sediment sources of PCBs must also be managed to abate impacts.  Until the 

upstream sources of PCBs are managed, anglers should continue to observe the annual fish 
consumption advisories for resident and anadromous fish species.  "Catch and release" recreational 
fishing should be promoted for those species posing the greatest potential human health risk through 
consumption. 

 
2.  In both cases, if the dam is retained and a fish passage facility is constructed (Alternative 

2) or the dam is removed (Alternative 4), we recommend that a monitoring program be 
established to assess the presence/absence of free-swimming exotic fish species, their 
uppermost migration limits, and viability of offspring.  This activity should be 
implemented concurrent to the fish tissue collections proposed above to provide a level of 
economy. 

 
 If the dam is retained and a fish passage facility is constructed (Alternative 2) or the dam is removed 
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(Alternative 4), both alternatives should prove effective in preventing migrations of sessile and 
planktonic species.  Both alternatives may not be entirely effective in preventing migration of 
undesirable exotic fish species as the sea lamprey, european ruffe or white perch.  However, to date the 
european ruffe has not been observed in Lake Michigan although some professional opinions are that its 
infestation is only a matter of time.  While adequate sea lamprey spawning habitat appears to be present 
along free-flowing reaches upstream of the North Avenue impoundment, the presence of other natural 
and man-made barriers (e.g. Estabrook Falls), absence of native sea lamprey populations, and the 
absence of suitable habitat quality for sea lamprey larvae, will reduce the probability of any additional 
production of sea lamprey from the Milwaukee River. 

 
Second Level Fish Management Plan  
 
1. In both cases, if the dam is retained (Alternative 2) or removed (Alternative 4), a second- level plan, 

whose goal is to restore or enhance the recreational and non-game fish populations 
historically present but currently present in small number or extirpated, should be 
developed and implemented. 

 
 
Summary of Costs 
 
Preliminary, planning level cost estimates for each of the recommended dam and river management 
alternatives are provided below: 
 
Alternative 2 (Dam Retention - With Habitat Restoration)  
 
Habitat Restoration Practices 
 
 Capital Cost:  $ 477,769 
 
 Annual Operations:   $ 0.00  
 
Fish Passage Facility  
 
 Capital Cost :   $ 2.0 million to $ 2.5 million 
 
 Annual Operations:  $ 75,000 - $150,000  
 
 Total Capital Cost:  $ 2.5 million to $3.0 million  
 
Alternative 4 (Dam Removal - With Habitat Restoration)  
 
Habitat Restoration Practices 
 
 Capital Cost:  $ 151,723 
 
 Annual Operations:  $ 0.00  
 
 Total Capital Cost:   $ 152,000 
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Appendix 1 
 

Distribution of Fishes in the Milwaukee River Basin - Milwaukee River Watershed 
 

Common Name 
(Status) 

Class 
 

Tolerance Feeding Spawn- 
ing 

Cover 
Type 

Milwaukee 
River 
Estuary 

Milwaukee 
River in  
Milwaukee 
County 

FRESHWATER 
EEL 

       

American eel - - Tc - L/R/
M 

extirpated - 

SUNFISH        

Largemouth bass SP - Tc - L/R present present 
 

Smallmouth bass SP I Tc - L/R present present 
 

Rock bass SP,S I Tc - L/R present present 

Black crappie SP,S - Tc - L/R present present 

Warmouth SP,S - Tc - L/R - - 

Bluegill SP,S - In - L/R 
 

present present 

Green sunfish SP,S T In - L/R present present 

Longear sunfish 
(threatened) 

SP,S I In - R - - 

Orange spotted 
sunfish 

SP,S - In - - - - 

Pumpkinseed SP,S - In - - - present 

PERCH        

Blackside darter D - In SL R - present 

Fantail darter D - In - R - - 

Iowa darter D I In - R - - 

Least darter D I In - L/R - - 
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Common Name 
(Status) 

Class 
 

Tolerance Feeding Spawn- 
ing 

Cover 
Type 

Milwaukee 
River 
Estuary 

Milwaukee 
River in  
Milwaukee 
County 

(special concern) 

Johnny darter D - In - R - present 
 

Log perch D - In - R  present 

Walleye SP - Tc SL R/L present present 

Yellow perch SP - In - L present - 

TROUT        

Brook trout SP I Tc - R anadro- 
mous 

- 

Brown trout SP,E - Tc - R/L anadro- 
mous 

- 

Rainbow trout SP,E - Tc - R/L anadro- 
mous 

anadromous 

Coho salmon SP,E - Tc - L anadro- 
mous 

anadromous 

Chinook salmon SP,E - Tc - L anadro- 
mous 

anadromous 

SMELT        

Rainbow smelt E - Fi - L present - 

HERRING        

Gizzard shad - - Fi - L present - 

Alewife E - Fi - L present - 

MUDMINNOW        

Central 
mudminnow 

- T In - R - present 

BULLHEAD & 
CATFISH 

       

Black bullhead SP - In - R/L present present 

Yellow bullhead SP T In - R present present 

Brown bullhead SP - In - R present - 
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Common Name 
(Status) 

Class 
 

Tolerance Feeding Spawn- 
ing 

Cover 
Type 

Milwaukee 
River 
Estuary 

Milwaukee 
River in  
Milwaukee 
County 

Channel catfish SP - Tc - R present present 

Stonecat - - In - R - present 

Tadpole madtom - - In - R - - 
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STICKLE- 
BACK 

       

Ninespine 
stickleback 

- - In - L extirpated - 

Brook 
stickleback 

- - In - R - present 

SCULPIN        

Mottled sculpin - I In - R - - 

PIKE        

Northern pike SP - Tc - R/L present present 

Grass pickerel SP - Tc - R/L - extirpated 

Muskellunge SP I Tc - R/L present 
(rare) 

present 

KILLIFISH        

Banded killifish - - In - R/L - - 

Blackstripe 
topminnow 

- - In - R - - 

SUCKER        

White sucker C T Om SL R/L present present 

Lake chubsucker 
(special concern) 

C - In - L - - 

Northern 
hogsucker 

C I In SL L/R extirpated - 

Silver redhorse C - In SL R - - 

Golden redhorse C - In SL R - present 

Shorthead 
redhorse 

C - In SL R - present 

Greater redhorse 
(special concern) 

C I In SL R - present 

MINNOW        

Central 
stoneroller 

- - He - R - - 

Largescale - - He - R - present 



7.0  APPENDICES  
 

  
 

FISHERIES HABITAT TM 
 
 88

stoneroller 

Goldfish E T Om - L/R present present 

Common carp E T Om - L/R present present 

Redside dace 
(special concern) 

- I In SL R - extirpated 

Brassy minnow - - He - R - - 

Horneyhead chub - - In - R - present 

Creek chub - T Ge - R - present 

Golden shiner - T Om - L - present 

Common shiner - - In SL R - present 

Striped shiner 
(endangered) 

- - In SL R - present 

Redfin shiner - - In - R - - 

Fathead minnow - T Om - R/L present present 

Bluntnose 
minnow 

- T Om - R - present 

Spotfin shiner  - - In - R - present 

Spottail shiner - - In - R/L present present 

Blacknose dace - T Ge SL R - present 

Pearl dace - - In - R - present 

Northern 
redbelly dace 

- - He - R - - 

Southern 
redbelly dace 

- - He SL R - - 

Blackchin shiner - I In - R - - 

Blacknose shiner - I In - R - - 

Sand shiner - - In - R - present 

Mimic shiner - - In - R/L - - 

Roseyface shiner - I In SL R - - 

Pugnose shiner 
(special concern) 

- - In - R - - 

Emerald shiner - - In SL R/L - present 
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(1992) 

        

 
Class:  SP = Sport, E = Exotic, D = Darter, S = Sunfish, C = Catostomid (Lyons, 1994 

and Ball, 1982) 
Tolerance: The ability of a species to tolerate environmental degradation.  I = Intolerant; T = 

Tolerant (Lyons, 1994) 
Feeding: The feeding or trophic classification of a fish species. Fi = Filter feeder (planktivore); 
  Ge =Generalist Feeder; He = Herbivore; Om = Omnivore; Tc = Top Carnivore 

(piscivore) (Lyons, 1994; Becker, 1983) 
Spawning: The spawning behavior and habitat of a species. SL = Simple Lithophilous  
Cover Type: Predominance of species observed in lacustrine or riverine habitats.  L = Lacustrine; R = 

Riverine; M = Marine as part of life cycle (based on authors review of Fago, 1984; 
Becker, 1983) 

 
Fish Distribution Data: Becker (1983); Fago (1984); Holey (1984) 
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Appendix 2 
 

Habitat Suitability Index Model for the North Avenue Impoundment 
Input Variables and Resulting Subindex Values for Smallmouth Bass 

Lacustrine Model for Dam Retention Alternative 
 

Variable 
 

Reach 3 Reach 2 Reach 1 

vVx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

V1-X36V1 
Percent rocky substrate (from Simonson, 1993). 
 Extensive rocky substrate >65% of stream bed 
 (SI = 1.0). 
 Moderate rocky substrate 45% - 65% of stream bed (SI = 0.64). 
 Limited rocky substrate >15% - 44% of stream bed (SI = 0.32). 
 Rocky substrate uncommon <15%  
 (SI = 0.01).  
 
Survey of August 1990. 

<15 0.01 0 0.01 0 0.01 

V2-SRApo01 
Percent pools. 
 

n.a. n.a. n.a. n.a. n.a. n.a. 

V3-WDP01 
Average (maximum) depth (ft) of reservoir during midsummer. 
 
Survey of August 1990.  Near cross-sections 13, 8 and 4, respectively.  
Maximum depths estimated by Woodward-Clyde Consultants (WCC) 
using HEC-2 analysis were not used since they were derived following 
drawdown and scour of thalweg.  Sediment modeling by WCC 
predicted that additional sedimentation and shallower water depths 
would result if the impoundment is re-flooded.  

5.0 0.17 10.0 0.34 10.0 0.34 

V4-MTHD01 
Maximum thalweg depth (ft) (from Simonson, 1993). 

n.a. n.a. n.a. n.a. n.a. n.a. 

V5-X36V5 
Percent cover (from Simonson, 1993). 
 Cover for adult fish abundant >12% of stream  
 (SI = 1.0) 
 Cover for adult fish common, but not extensive 7% -12% of stream  
 (SI = 0.64) 
 Occasional cover for adult fish, limited to one or two areas 2% - 6% 

of stream  
 (SI = 0.32) 
 Cover for adult fish is rare or absent <2%  
 (SI = 0.01) 
 
Survey of August 1990.  Suitable cover for adult fish nearly absent.  
Assumed available cover would be similar to that observed in the 
drawndown impoundment.  However, actual cover is likely to be less or 
absent due to long term sedimentation should the dam be retained and 
the impoundment re-flooded.  Extensive macrophyte beds provide 
limited adult fish cover due to shallow water depths, dense plant growth 
and very low dissolved oxygen levels. 

3.8 0.32 1.0 0.01 0.5 0.01 

V6-WPH02 
Average pH (su) during the year (1975 through 1990). 
 
average =  8.3 su 
sd =  0.3 
min. =  6.1 su 
max. =  8.9 su 
n =  385 

8.3 0.88 8.3 0.88 8.3 0.88 
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Variable 
 

Reach 3 Reach 2 Reach 1 

vVx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

V7-WDSGS01 
Average total dissolved solids (mg/l) the growing season (May-October 
1975 through 1990). 
 
average =  414 mg/l 
sd =  95 
min. =  99 mg/l 
max. =  1323 mg/l 
n =  371 
 

414 0.90 414 0.90 414 0.90 

V8-WDOMN07 
Minimum observed dissolved oxygen (mg/l) observed during the year 
(1975 through 1990). 
 
average =  9.6 mg/l 
sd =  2.9 
min. =  3.2 mg/l 
max. =  20.0 mg/l 
n =  390 

3.2 0.22 3.2 0.22 3.2 0.22 

V9-WTUMX01 
Maximum monthly average turbidity (HTU) during the summer (June-
September 1975 through 1990).  Use September. 
 
average =  17.1 HTU 
sd =  7.5 
min. =  8.6 HTU 
max. =  48.0 HTU 
n =  31 

17.1 1.00 17.1 1.00 17.1 1.00 

V10-X36V10 
Water temperature (C) (average) in selected habitats during the growing 
season (adult) (May-October 1975 through 1990). 
 
average =  18.3 C 
sd =  5.4 
min. =  2.5 C 
max. =  28.0 C 
n =  261 

18.3 0.76 18.3 0.76 18.3 0.76 

V11-X36V11 
Water temperature (C) (average) in selected habitats during spawning 
and 45-days post spawn (embryo) (May 15-July 1975 through 1990). 
 
average =  21.0  C   
sd =  3.9 
min. =  11.5 C 
max. =  27.9 C 
n =  102 

21.0 1.0 21.0 1.0 21.0 1.0 

V12-X36V12 
Water temperature (C) (average) in selected habitats during the growing 
season (fry) (May-October 1975 through 1990). 
 
average =  18.3 C 
sd =  5.4 
min. =  2.5 C 
max. =  28.0 C 
n =  261 
 

18.3 0.73 18.3 0.73 18.3 0.73 
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Variable 
 

Reach 3 Reach 2 Reach 1 

vVx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

V13-X36V13 
Water temperature (C) (average) in selected habitats during the growing 
season (juvenile) (May-October 1975 through 1990). 
 
average =  18.3 C 
sd =  5.4 
min. =  2.5 C 
max. =  28.0 C 
n =  261 
 

18.3 0.82 18.3 0.82 18.3 0.82 

V14-X36V14 
Water level fluctuations during spawning and post spawn;  
1 = Rapid rise during spawn 3.3 - 6.6 ft  
 (SI = 0.20) 
2 = Rapid fall during spawn or afterwards 1.6 - 

3.3 ft 
 (SI = 0.01)  
3 = Slow rise previous to spawn 1.6 - 3.3 ft with 

stable levels during and afterwards 
 (SI = 1.0) 
 
Dam and impoundment is managed as run-of-the-river system, and not 
as a fill and draw system.  As a result, it was assumed that drastic water 
elevation changes due to seasonal and precipitation induced events are 
tempered.  

3 1.00 3 1.00 3 1.00 

V1-X36V1b 
Percent rocky substrate in shoal areas (from Simonson, 1993). 
 Extensive rocky substrate >65% of stream bed  
 (SI = 1.0) 
 Moderate rocky substrate 45% - 65% of stream bed (SI = 0.64) 
 Limited rocky substrate >15% - 44% of stream bed (SI = 0.32) 
 Rocky substrate uncommon <15%  
 (SI = 0.01)  
 
Survey of August 1990. 

<15 0.01 0 0.01 0 0.01 

V15-WGDO1 
Stream gradient within representative reach (ft/mi). 

n.a. n.a. n.a. n.a. n.a. n.a. 

 n.a.  not applicable.  Variable associated with riverine cover type. 



7.0  APPENDICES  
 

  
 

FISHERIES HABITAT TM 
 
 93

Appendix 3  
 

Habitat Suitability Index Model for the North Avenue Impoundment 
Input Variables and Resulting Subindex Values for Smallmouth Bass 

Riverine Model for Dam Removal Alternative 
 

Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

V1-X36V1 
Percent rocky substrate (from Simonson, 1993). 
 Extensive rocky substrate >65% of stream bed  
 (SI = 1.0) 
 Moderate rocky substrate 45% - 65% of stream bed  
 (SI = 0.64) 
 Limited rocky substrate >15% - 44% of stream bed  
 (SI = 0.32) 
 Rocky substrate uncommon <15% 
 (SI = 0.01)  
 
Survey of August 1993. 

85 1.00 17 0.32 5 0.01 

V2-SRApo01 
Percent pools. 
 
Survey of August 1993. 

1.0 0.03 1.0 0.03 0.01 0.01 

V3-WDP01 
Average (maximum) depth (ft) of reservoir during midsummer. 
 

n.a. n.a. n.a. n.a. n.a. n.a. 

V4-MTHD01 
Maximum thalweg depth (ft) (from Simonson, 1993). 
 River very deep > 4.9 ft. 
 (SI = 1.0) 
 River relatively deep 3.3 - 4.9 ft. 
 (SI = 0.64) 
 River moderately deep 2.0 - 3.0 ft. 
 (SI = 0.32) 
 River relatively shallow < 2.0 ft. 
 (SI = 0.01) 
 
Survey of August 1990. 

2.7 0.32 5.4 1.00 5.1 1.00 

V5-X36V5 
Percent cover (from Simonson, 1993). 
 Cover for adult fish abundant >12% of stream  
 (SI = 1.0) 
 Cover for adult fish common, but not extensive 7% -12% of stream  
 (SI = 0.64) 
 Occasional cover for adult fish, limited to one or two areas 2% - 6% 

of stream  
 (SI = 0.32) 
 Cover for adult fish is rare or absent <2%  
 (SI = 0.01) 
 
Survey of August 1993. 

3.8 0.32 1.0 0.01 0.5 0.01 

V6-WPH02 
Average pH (su) during the year (1991 through 1993). 
 
average =  8.2 su 
sd =  0.3 
min. =  7.2 su 
max. =  8.8 su 

8.2 0.92 8.2 0.92 8.2 0.92 
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Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

n =  76 

V7-WDSGS01 
Average total dissolved solids (mg/l) the growing season (May-October 
1991 through 1993). 
 
 

n.a. n.a. n.a. n.a. n.a. n.a. 

V8-WDOMN07 
Minimum observed dissolved oxygen (mg/l) observed during the year 
(1991 through 1993). 
 
average =  9.9 mg/l 
sd =  2.4 
min. =  5.9 mg/l 
max. =  16.8 mg/l 
n =  76 

5.9 0.97 
 

5.9 
 

0.97 5.9 0.97 

V9-WTUMX01 
Maximum monthly average turbidity (HTU) during the summer (June-
September 1991 through 1993).  Use July. 
 
average =  18.1 HTU 
sd =  4.3 
min. =  14.0 HTU 
max. =  26.0 HTU 
n =  7 

18.1 1.00 18.1 1.00 18.1 1.00 

V10-X36V10 
Water temperature (C) (average) in selected habitats during the growing 
season (adult) (May through October 1991 through 1993). 
 
average =  18.5 C 
sd =  5.3 
min. =  6.8 C 
max. =  26.7 C 
n =  59 

18.5 0.77 18.5 0.77 18.5 0.77 

V11-X36V11 
Water temperature (C) (average) in selected habitats during spawning 
and 45-days post spawn (embryo) (May 15 through July 1991 through 
1993). 
 
average =  21.1 C 
sd =  3.5 
min. =  13.0 C 
max. =  25.9 C 
n =  22 

21.1 1.00 21.1 1.00 21.1 1.00 

V12-X36V12 
Water temperature (C) (average) in selected habitats during the growing 
season (fry) (May through October 1991 through 1993). 
 
average =  18.5 C 
sd =  5.3 
min. =  6.8 C 
max. =  26.7 C 
n =  59 
 

18.5 0.75 18.5 0.75 18.5 0.75 

V13-X36V13 
Water temperature (C) (average) in selected habitats during the growing 
season (juvenile) (May through October 1991 through 1993). 

18.5 0.83 18.5 0.83 18.5 0.83 
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Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

 
average =  18.5 C 
sd =  5.3 
min. =  6.8 C 
max. =  26.7 C 
n =  59 
 

V14-X36V14 
Water level fluctuations during spawning and post spawn;  
1 = Rapid rise during spawn 3.3 - 6.6 ft 
 (SI = 0.20) 
2 = Rapid fall during spawn or afterwards 1.6 - 3.3 

ft 
 (SI = 0.01) 
3 = Slow rise previous to spawn 1.6 - 3.3 ft with 

stable levels during and afterwards 
 (SI = 1.0) 
 
Water level fluctuations were assessed assuming a worst case condition.  
The range of water elevation were calculated for the 14-day pre-spawn 
period (May 1 - May 14), and 45-day post-spawn period (May 15 - July 
31).  The U.S. Geological Survey stream discharge and stage data (1983 
through 1990) for the Estabrook Park gaging station was utilized.  Data 
for water years 1991-93 have not yet been published. 
 
Range of Stage Height for Pre-Spawn Period May 1-14 
 
Year Min. Max. Range May 

1May 14 
 ft. ft. ft. ft. ft. 
 _________________________ _______________ 
1983 2.88 3.12 0.24 0.880.90 
1984 3.05 3.90 0.85 1.190.97 
1985 2.82 2.39 0.43 0.860.73 
1986 2.62 2.95 0.33 0.900.81 
1987 2.56 3.02 0.46 0.910.78 
1988 2.95 2.49 0.46 0.900.76 
1989 2.69 2.30 0.39 0.820.70 
1990 2.46 4.10 1.64 0.761.17 
 
Pre-spawn water elevations characterized as relatively stable.  Extremes 
for the period-of-record range from 0.24 ft - 1.64 ft.  Two-week period 
characterized by very gradual falling stage. 
 

3 1.00 3 1.00 3 1.00 

V14-X36V14 (continued) 
 
Range of Stage Height for Post-Spawn Period May 15 - July 31 
 
Year/ Min. Max. Range Rangemax 
Month ft. ft. ft. ft. 
 
5/83 2.46 4.13 1.67 2.23 
6 2.13 3.54 1.41 
7 1.90 2.66 0.76 
 
5/84 2.72 3.67 0.95 2.30 
6 2.59 4.63 2.04 
7 2.33 4.33 2.00 
 
5/85 1.77 2.79 1.02 1.51 
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Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

6 1.91 2.43 0.52 
7 1.71 3.22 1.51 
 
5/86 2.46 3.22 0.76 1.05 
6 2.23 2.99 0.76 
7 2.17 3.05 0.88 
 
5/87 2.43 2.89 0.46 1.31 
6 1.84 2.89 1.05 
7 1.81 3.12 1.31 
 
5/88 1.41 2.43 1.02 1.02 
6 1.64 2.00 0.36 
7 1.54 2.03 0.49 
 
5/89 0.82 3.94 3.12 3.67 
6 2.20 4.49 2.29 
7 1.84 3.22 1.38 
 
5/90 2.66 4.04 1.38 2.20 
6 2.10 3.25 1.15 
7 1.84 2.66 0.82 
 
Post-spawn water elevations characterized as relatively stable.  Extremes 
for two to four week intervals range from 0.46 ft - 3.12 ft., and 1.05 ft to 
3.67 ft. for an entire 45-day period. 
 

V15-WGDO1 
Stream gradient within representative reach (ft/mi). 
 
Provided by Woodward-Clyde Consultants.  Values are conservative and 
based on elevations to existing substrate.  Actual gradients and resulting 
SI curves would be greater if channel is scoured to hardpan. 

7.46 1.0 3.55 0.85 6.19 1.0 

 n.a.  not applicable.  Variable associated with lacustrine cover type. 
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Appendix 4 
 

Habitat Suitability Index Model for the North Avenue Impoundment 
Input Variables and Resulting Subindex Values for Common Carp 

Lacustrine Model for Dam Retention Alternative 
 

Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

V1-X12V1 
Percent vegetative cover in shallow areas during spring and summer 
(inc. runs). 
 
Survey of August 1990.  Calculations based on observations made at 
three submerged point bars with a minimum coverage of 50%:   
Reach 1 Point bar #3 located opposite Wisconsin 

Paperboard Co. 
 6.5 ac / 25.2 ac = 26% 
 
Reach 2 Point bar #5 located adjacent to Gordon Park 

at Locust St. 
 4.2 ac / 12.6 ac = 33% 
 
Reach 3 Point bar #9 located adjacent to Kern Park 
 3.7 ac / 16.3 ac = 23% 

23.0 0.66 33.0 0.94 26.0 0.73 

V2-X12V2 
Percent cover in pools (inc. runs). 
 
Not applicable. 

n.a. n.a. n.a. n.a. n.a. n.a. 

V3-X12V3 
Percent pools, backwater and marsh areas during average summer 
flows. 
 
Not applicable. 

n.a. n.a. n.a. n.a. n.a. n.a. 

V4-SRAli01 
Percent littoral area. 
 
Based on calculated area of mudflats (as submerged point bars) by 
Woodward-Clyde Consultants: 
 
Reach 1 #1 1.29 ac  #2 3.97 ac 
 #3 6.46 ac  #4A 1.48 ac 
 #4B 1.68 ac #6 2.03 ac 
 #7 2.96 ac  
 19.87 ac / 25.2 ac = 78% 
 
Reach 2 #5 4.21 ac 
 4.21 ac / 12.6 ac = 33% 
 
Reach 3 #8 2.20 ac  #9 3.71 ac 
 #10 1.38 ac 
 7.29 ac / 16.3 ac = 45% 
  

45.0 0.89 33.0 1.00 78.0 0.16 

V5-CARPV5 
Reservoir storage ratio. 
 
SR    = mean reservoir water volume (ft3) 
 annual discharge volume (ft3) 
 
Mean Volume @ Q7,2 (Woodward-Clyde Consultants by reach) 
Annual Discharge (U.S. Geological Survey, Mean 1983-90) 

0.00035 1.00 0.00035 1.00 0.00035 1.00 
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Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

 
Reach 1 = 9.87 x 106 / 1.83 x 1010 
Reach 2 = 5.68 x 106 / 1.83 x 1010 
Reach 3 = 3.69 x 106 / 1.83 x 1010 

Mean    = 6.41 x 106 / 1.83 x 1010 
SR       = 3.50 x 10-4  

V6-WTUMX01 
Maximum monthly average turbidity (HTU) during average flow (June-
September 1975 through 1990) Use September. 
 
average =  16.2 HTU 
sd =  4.7 
min. =  0.0 HTU 
max. =  25 HTU 
n =  33 

16.2 1.00 16.2 1.00 16.2 1.00 

V7-WTEMX01 
Maximum midsummer water temperature (C) (adult July-August 1975 
through 1990). 
 
average =  23.4 C 
sd =  2.1 
min. =  18.9 C 
max. =  28.0 C 
n =  82 

28.0 0.60 28.0 0.60 28.0 0.60 

V8-X12V8 
Average water temperature (C) during spawning within specified areas 
(embryo May 15-June 15 1975 through 1990). 
 
average =  17.8 C 
sd =  3.6 
min. =  11.5 C 
max. =  23.6 C 
n =  39 

17.8 0.97 17.8 0.97 17.8 0.97 

V9-WTEMX09 
Maximum water temperature (C) within pools, backwaters or littoral 
areas (juvenile & fry July-August 1975 through 1990). 
 
average =  23.4 C 
sd =  2.1 
min. =  18.9 C 
max. =  28.0 C 
n =  82 

28.0 1.00 28.0 1.00 28.0 1.00 

V10-X12V10 
Maximum depth (ft) of pools, marshes and backwater during spawning. 
 
Survey of August 1990.  Maximum depths estimated by Woodward-
Clyde Consultants (WCC) using HEC-2 analysis were not used since 
they were derived following drawdown and scour of thalweg.  Sediment 
modeling by WCC predicted that additional sedimentation and 
shallower water depths would result if the impoundment is re-flooded. 

2.0 0.98 1.6 1.00 1.6 1.00 

V11 
Maximum salinity (g/l). 

n.a. n.a. n.a. n.a. n.a. n.a. 

V12-WDOMN01 
Minimum dissolved oxygen (mg/l) during midsummer (fry, juvenile and 
adult July-August 1975 through 1990). 
 

3.2 0.38 3.2 0.38 3.2 0.38 
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Variable 
 

Reach 3 Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

average =  6.9 mg/l 
sd =  2.0 
min. =  3.2 mg/l 
max. =  12.0 mg/l 
n =  81 

V13-X12V13 
Minimum dissolved oxygen (mg/l) within specified areas during 
spawning (embryo May 15-June 15 1975 through 1990). 
 
average =  8.6 mg/l 
sd =  2.2 
min. =  5.1 mg/l 
max. =  18.8 mg/l 
n =  39 

5.1 0.51 5.1 0.51 5.1 0.51 

V14-WPHMN02 
Minimum pH (su) levels during the year (1975 through 1990). 
 
average =  8.3 su 
sd =  0.3 
min. =  6.1 su 
max. =  8.9 su 
n =  385 

6.1 0.69 6.1 0.69 6.1 0.69 

V15-WPHMX02 
Maximum pH (su) levels during the year (1975 through 1990). 
 
average =  8.3 su 
sd =  0.3 
min. =  6.1 su 
max. =  8.9 su 
n =  385 

8.9 0.51 8.9 0.51 8.9 0.51 

 n.a.  not applicable.  Variable associated with riverine cover type. 
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Appendix 5 

 
Habitat Suitability Index Model for the North Avenue Impoundment 
Input Variables and Resulting Subindex Values for Common Carp 

Riverine Model for Dam Removal Alternative 
 

Variable 
 

Reach 3 
 

Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

V1-X12V1 
Percent vegetative cover in shallow areas during spring and summer 
(inc. runs). 
 
Survey of August 1993.  Only small and isolated patches of emergent or 
submergent aquatic vegetation observed along reach 3 since drawdown 
of impoundment.  Absent from reaches 1 & 2. 
 

0.0 0.20 0.0 0.20 0.0 0.20 

V2-X12V2 
Percent cover in pools (inc. runs) 
 
Survey of August 1993. 

3.8 0.26 1.0 0.26 0.5 0.21 

V3-X12V3 
Percent pools, backwater and marsh areas during average summer 
flows. 
 
Survey results from 1993.  Exclusively as pool cover.  

1.0 0.22 1.0 0.22 0.0 0.22 

V4-SRAli01 
Percent littoral area. 
 
Not applicable. 

n.a. n.a. n.a. n.a. n.a. n.a. 

V5-CARPV5 
Reservoir storage ratio. 
 
Not applicable. 

n.a. n.a. n.a. n.a. n.a. n.a. 

V6-WTUMX01 
Maximum monthly average turbidity (HTU) during average flow (June-
September 1991 through 1993).  Use July. 
 
average =  18.1 HTU 
sd =  4.3 
min. =  14.0 HTU 
max. =  26.0 HTU 
n =  7  

18.1 1.0 18.1 1.0 18.1 1.0 

V7-WTEMX01 
Maximum midsummer water temperature (C) (adult July-August 1991 
through 1993). 
 
average =  22.5 C 
sd =  2.0 
min. =  19.0 C 
max. =  26.7 C 
n =  23 

26.7 0.86 26.7 0.86 26.7 0.86 

V8-X12V8 
Average water temperature (C) during spawning within specified areas 
(embryo May 15-June 15 1991 through 1993). 
 
average =  18.9 C 

18.9 1.00 18.9 1.00 18.9 1.00 
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Variable 
 

Reach 3 
 

Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

sd =  3.8 
min. =  13.0 C 
max. =  24.1 C 
n =  9 

V9-WTEMX09 
Maximum water temperature (C) within pools, backwaters or littoral 
areas (juvenile & fry July-August 1991 through 1993). 
 
average =  22.5 C 
sd =  2.0 
min. =  19.0 C 
max. =  26.7 C 
n =  23 

26.7 1.0 26.7 1.0 26.7 1.0 

V10-X12V10 
Maximum depth (ft) of pools, marshes and backwater during spawning 
(inc. runs). 
 
Survey results from 1993. 

2.7 0.91 5.4 0.64 5.1 0.67 

V11 
Maximum salinity (g/l). 
 
Not applicable. 

n.a. n.a. n.a. n.a. n.a. n.a. 

V12-WDOMN01 
Minimum dissolved oxygen (mg/l) during midsummer (fry, juvenile and 
adult July-August 1991 through 1993). 
 
average =  8.0 mg/l 
sd =  1.4 
min. =  5.9 mg/l 
max. =  11.6 mg/l 
n =  23 

5.9 0.98 5.9 0.98 5.9 0.98 

V13-X12V13 
Minimum dissolved oxygen (mg/l) within specified areas during 
spawning (embryo May 15-June 15 1991 through 1993). 
 
average =  9.3 mg/l 
sd =  1.9 
min. =  6.9 mg/l 
max. =  13.5 mg/l 
n =  9 

6.9 0.74 6.9 0.74 6.9 0.74 

V14-WPHMN02 
Minimum pH (su) levels during the year (1991 through 1993). 
 
average =  8.2 su 
sd =  0.3 
min. =  7.2 su 
max. =  8.8 su 
n =  76 

7.2 1.00 7.2 1.00 7.2 1.00 

V15-WPHMX02 
Maximum pH (su) levels during the year (1991 through 1993). 
 
average =  8.2 su 
sd =  0.3 
min. =  7.2 su 
max. =  8.8 su 

8.8 0.54 8.8 0.54 8.8 0.54 
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Variable 
 

Reach 3 
 

Reach 2 Reach 1 

Vx Input 
Data 
    

Sub-
Index 

Input 
Data 

Sub- 
Index 

Input 
Data 

Sub-Index 

n =  76 

n.a.  not applicable.  Variable associated with riverine cover type. 
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Appendix 6: Evaluation of Potential Habitat Restoration Practices for the Dam Retention Alternative. 
 

Practice Effectiveness Ease of Implementation Institutional 

 Increase Dissolved Oxygen Concentrations 
 
Mechanical systems (diffused air) would be operated 
and maintained from shore at selected locations.  
Diffusers would be located to abate chronic low 
dissolved oxygen concentrations in the thalweg only. 

+ Mechanical aerating methods are technically 
feasible and have already been applied successfully 
in lacustrine/reservoir environments. 
 
+ Compatible with the recommended encapsulation 
sediment management alternative for the dam 
retention alternative. 
 
+ Materials readily available. 
 
+ Minimal production of residuals.   
 
- Another feasibility and design level study would be 
required to determine effectiveness of mechanical 
system (eg. oxygen budget, mixing efficiencies, 
location and sizing of aerator systems, etc.). 
 
- Localized low dissolved oxygen concentrations 
may still occur especially in the organically enriched 
littoral areas and macrophyte beds. 
 
-  May require intensive management of 
macrophytes through chemical treatment or 
mechanical removal on an annual/seasonal basis.  

 
+ Access readily available for installation and 
maintenance of mechanical systems and macrophyte 
management operations. 
 
-/+ State permits may be required for mechanical 
aeration devices, and definitely required for 
macrophyte management.  Permit costs minimal.   
- Easements may be required to construct and 
maintain systems on private or public properties.  

- Sighting constraints, and long term commitments 
for local or state operation and maintenance of these 
facilities can not be guaranteed. 
 
- High capital cost, and high long term operation and 
maintenance cost compared to other practices. 

 Cover 
 
A variety of passive and active structures to be 
utilized.  Emphasis on boulder size rock and woody 
snag material such as root systems.  Placed over 
fabric or cohesive bed material.  Include as bank and 
submerged treatments. Bioengineered and structural. 
 Transported via barges.  

+ Technically feasible and already applied 
successfully in lacustrine/reservoir environments. 
 
+ Compatible with recommended sediment 
remediation for dam retention alternative by 
encapsulation.   
 
+ Materials readily available. 
 
+ Minimal production of residuals.   
 
-/+ Chronic sedimentation problems associated with 
impoundment make this practice suspect.  Must be 
located and built high to increase longevity as 
impacted by sedimentation.  
 
- Overhead vegetation cover may have limited value 
since they need to be located over suitable water 

+ Access readily available for installation and 
maintenance. 
 
+/- State permits may be required. Minimal costs. 
 
-/+ Easements may be required to construct and 
maintain systems on private or public properties. 
Cost unknown. 

+ Generally thought to be acceptable with riparian 
landowners provided they do not infringe on other 
water based uses. 
 
+/- Low maintenance provided structures can be 
placed and maintained above the impacts of new 
sedimentation. 
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Practice Effectiveness Ease of Implementation Institutional 

depth (minimum 1-2 ft) 

 Rocky Substrate 
 
Assorted cobble and boulder size stone placed over 
fabric or other suitable base material.  Transported 
via barges and deposited into thalweg areas only. 

+ Technically feasible and already applied 
successfully in wave or flow swept 
lacustrine/reservoir environments. 
 
+ Compatible with recommended sediment 
remediation for dam retention alternative by 
encapsulation.   
 
+ Materials readily available. 
 
+ Minimal production of residuals.   
  
- Chronic sedimentation problems associated with 
impoundment make this practice impractical. 

+ Access readily available for installation and 
maintenance 
 
-/+ State/federal permits will be required for 
placement of materials onto bed of stream.  Permit 
costs minimal.   
 
- Easements may be required to construct and 
maintain systems.  Costs unknown. 

+ Generally thought to be acceptable with riparian 
landowners provided they do not infringe on other 
water based uses. 
 
- High maintenance costs due to chronic 
sedimentation. 

 Water Depth 
 
Mechanical dredging in conjunction with sediment 
remediation during dam drawdown.  Average water 
depths within the impoundment may decrease by 2-4 
ft as a result of encapsulation sediment management 
alternative. 

+ Technically feasible and already applied 
successfully in lacustrine/reservoir environments.  
+/- Equipment is available but not locally. 
 
- Production of residuals.  
 
+/- Partially compatible with recommended sediment 
management alternative by encapsulation. 
 
- Chronic sedimentation problems associated with 
impoundment make this practice impractical. 
Although the drawdown has increased potential 
depth of water through compaction, oxidation and 
de-watering of sediments, water depths will 
eventually be similar to pre-drawdown conditions. 

- Will require transport of residuals off-site unless 
facility were constructed on or adjacent to the site. 
 
+/- State and federal permit required for dredging.  
Minimal cost.  State permit required for collection, 
transport and disposal.   

- Riparian landowner acceptance for extensive and 
frequent dredging may be low. 
 
- High unit capital and maintenance cost compared 
to other practices.  
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Appendix 7: Evaluation of Potential Habitat Restoration Practices for the Dam Removal Alternative. 
 

Practice Effectiveness Ease of Implementation Institutional 

 Cover 
 
A variety of passive and active structures to be 
utilized.  Emphasis on boulder size rock and woody 
snag material such as root systems.  Placed over 
fabric or cohesive bed material.  Include as bank and 
submerged treatments. Bioengineered and structural. 
 Transported via barges.  

+ Technically feasible and already applied 
successfully in lacustrine environments.   
 
+ Compatible with recommended sediment 
remediation for dam retention alternative by 
encapsulation.   
 
+ Materials readily available with minimal 
production of residuals.   
 
+/- Chronic sedimentation problems associated with 
impoundment make this practice suspect.  Must be 
located and built high to increase longevity as 
impacted by sedimentation.  
 
- Bioengineered systems may have limited value 
since they would be installed along banks with too 
shallow water depth (< 1-2 ft) 

+ Access readily available for installation and 
maintenance. 
 
+/- State permits may be required. Minimal costs.   
Easements may be required to construct and 
maintain systems on private or public properties. 
Cost unknown. 

+ Generally thought to be acceptable with local units 
of government provided they do not infringe on 
other uses.  Submerged systems have less potential 
for conflicts. 
 
+/- Low maintenance provided structures can be 
placed above newly deposited sediment.    

 Rocky Substrate 
 
Assorted size quarried stone placed over fabric or 
other cohesive bed material.  Transported via barges. 

+ Technically feasible and already applied 
successfully in lacustrine environments.   
 
+ Compatible with recommended sediment 
remediation for dam retention alternative by 
encapsulation.   
 
+ Materials readily available with minimal 
production of residuals.   
  
- Chronic sedimentation problems associated with 
impoundment make this practice impractical. 

+ Access readily available for installation and 
maintenance 
 
+/- State/federal permits will be required for 
placement of materials onto bed of stream.  Permit 
costs minimal.  Easements may be required to 
construct and maintain systems on private or public 
properties since riparians have been identified as 
owners of stream/flowage bed. 

+ Generally thought to be acceptable with local units 
of government and private landowners provided 
their placement does not infringe on other uses such 
as navigation. 
 
- High maintenance costs due to chronic 
sedimentation. 

 Water Depth 
 
Dredging under pool full conditions or in 
conjunction with sediment remediation during dam 
drawdown.  Average water depths within the 
impoundment would decrease by 2-4 ft as a result of 
encapsulation remedy. 

+ Technically feasible and already applied 
successfully in lacustrine environments.  
 
+ Materials readily available. 
 
+ Some production of residuals by through dredge 
spoils.  
 
- Not compatible with recommended sediment 
remediation for dam retention alternative by 
encapsulation. 

- Would likely require transport of residuals off-site 
unless facility were constructed on or adjacent to the 
site. 
 
+/- State permit for dredging would be required and 
at low cost.  State permit for collection, transport 
and disposal would also be required and potentially 
at a significant cost.   

- Public and local unit of government acceptance for 
extensive and frequent dredging may be expected to 
be low. 
 
- High unit capital and maintenance cost compared 
to other practices.  
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Practice Effectiveness Ease of Implementation Institutional 

 
- Chronic sedimentation problems associated with 
impoundment make this practice impractical. 
Although the drawdown has increased potential 
depth of water through compaction, oxidation and 
de-watering of sediments, decreasing water depths to 
pre-drawdown conditions will likely occur.   
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Appendix 8 
 

Cost Estimates for Recommended Habitat Restoration Practices - Dam Retention and Dam 
Removal Alternatives 

 
 
Dam Retention Alternative 
 
1. Install 260,000 ft2 of physical cover as boulder retards 
 
 - Assume 600 to 2,000 lb. stone at $30 per ton including site preparation 
 - Conversion yd3 x 1.5 = tons 
 - 9,630 yd3 x 1.5 conv. x $30 per ton = $433,350 
 
  Cost Estimate: 
  Boulder materials = $433,350 
  Mobilization @ 5% =    21,668 
  Subtotal =    $455,018  
  Engineering* @ 5% =    22,751 
  Total =    $477,769 
 
* Includes design, plan preparation, construction management, engineering and field inspection) 
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Dam Removal Alternative 
 
1. Install 82,000 ft2 of physical cover as boulder retards 
 
 - Assume 600 to 2,000 lb. stone at $30 per ton including site preparation 
 - Conversion yd3 x 1.5 = tons 
 - 3037 yd3 x 1.5 conv. x $30 per ton = $136,665 
 
2. Install rock wing deflectors for 32,000 ft2 of pool development  
 
 - Assume construction of 14 rock wing deflectors.  Structures are placed among all three 

reaches with final selection to be determined during design. 
 - Assume average triangular wing deflector 60 ft. long by 5 ft. wide at the base or total 

volume of 28 yd3.  Angular quarried stone average D50 of 2 ft. diameter. 
 - Assume average base for each deflector at 60 ft. long by 5 ft. wide by 0.5 ft. thick or total 

volume of 5.6 yd3.  Angular stone average D50 of 0.4 ft. diameter.   
 - Assume 600 to 2,000 lb. stone at $30 per ton including site preparation 
 - Assume base @ $20 per ton 
 - Conversion yd3 x 1.5 = tons 
 - (deflector) 14 x 28 yd3 x 1.5 conv. x $30 per ton = $17,640 
 - (base)      14 x 5.6 yd3 x 1.5 conv. x $20 per ton = $2,352 
 
  Cost Estimate: 
  Deflector materials = $ 19,992 
  Boulder materials =  136,665 
  Mobilization @ 5% =     7,833 
  Subtotal =    $144,498  
  Engineering* @ 5% =     7,225 
  Total =    $151,723 
 
* Includes design, plan preparation, construction management, engineering and field inspection) 
  
  


