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ABSTRACT 
 
This document addresses the environmental impacts associated with an aquatic ecosystem 
restoration project on Underwood Creek in Wauwatosa, Milwaukee County, Wisconsin.  The 
proposed project is being conducted under the Great Lakes Fishery and Ecosystem Restoration 
Program, which is authorized by Section 506 of the Water Resources and Development Act of 
2000 (P.L. 106-541).  The proposed action involves the removal of approximately 4400 linear 
feet of concrete lined channel along Underwood Creek, to support the restoration of the fishery, 
the aquatic ecosystem, and aquatic habitat.  Improvements will result from the construction of a 
boulder and stone lined main channel with riffles and pools that will provide spawning habitat 
and fish passage to upstream areas that are currently blocked by the concrete channel lining and 
drop structures.  The project will provide access for fish from Lake Michigan and the 
Menomonee River into the lower 1.25 miles of Underwood Creek.  In the future, this 
connectivity is expected to extend into the upper reaches of Underwood Creek as the MMSD 
pursues removal of concrete drop structures that block fish passage into quality spawning 
habitats farther upstream. Implementation of the proposed project would not result in significant 
short term, long term or cumulative adverse environmental impacts.  
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1.0 PROJECT NEED AND PURPOSE 
 
1.1  The U.S. Army Corps of Engineers (USACE), Detroit District, proposes ecosystem 
restoration along a concrete-lined section of Underwood Creek in Wauwatosa, Milwaukee 
County, Wisconsin. 1  The proposed study reach extends approximately 4,400 feet upstream from 
the mouth of Underwood Creek at the Menomonee River (Figures 1 and 2).  
 
1.2  The project is needed because past alterations, including straightening, concrete lining, and 
drop structures, have drastically impacted the aquatic and riparian ecosystems through this reach 
of Underwood Creek.  Fish passage has been impeded by drop structures and high flow 
velocities, aquatic and riparian biodiversity have been severely reduced by the concrete channel 
liner, sediments and nutrients move rapidly through the concrete sections, stagnation occurs in 
dry seasons, and the creek has been disconnected from its floodplain.   
 
1.3  The purpose of the project is to restore a more natural stream bed with pools and riffles to 
produce a more natural stream form and function that facilitates fish passage through the reach as 
well as providing aquatic habitat improvements.  The enhanced natural stream substrate and flow 
conditions would support a diverse aquatic macro-invertebrate community.  The project also 
provides connectivity benefits from Lake Michigan and the Menomonee River into a recently 
restored section of Underwood Creek immediately upstream of the proposed study reach. 
 
1.4  The proposed restoration project would contribute to major watershed goals of aquatic 
connectivity from Lake Michigan and the Milwaukee River Estuary through the Menomonee 
River into Underwood Creek and its upstream reaches.  This major watershed goal would be 
fully realized with the expected future removal of concrete barriers in upstream reaches of 
Underwood Creek.1    
 
 
2.0 PROJECT AUTHORITY AND NON-FEDERAL SPONSOR 
 
2.1  This study is being conducted under the Great Lakes Fishery and Ecosystem Restoration 
(GLFER) Program, which is authorized by Section 506 of the Water Resources Development 
Act of 2000, Public Law 106-541.  Under this authority, the Secretary of the Army may “plan, 
design and construct projects to support the restoration of the fishery, ecosystem and beneficial 
uses of the Great Lakes.”  The Federal cost share under the Section 506 authority is 65% with a 
$10 million Federal expenditure limit per project.

                                                 
1  The USACE is currently implementing an ecosystem restoration project on the Menomonee River, Milwaukee 
County.  Completion of the Menomonee River ecosystem restoration project would provide connectivity for fish 
passage between Lake Michigan and the proposed project reach at Underwood Creek.  The Milwaukee Metropolitan 
Sewerage District (MMSD) has begun the planning process for removing concrete and drop structure obstructions in 
upstream reaches of Underwood Creek. 
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Figure 1. Underwood Creek Section 506 Project Vicinity. 
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2.2  The Milwaukee Metropolitan Sewerage District (MMSD) is the non-Federal sponsor for this 
project.  The MMSD is a regional government agency that provides wastewater and flood 
management services for about 1.1 million customers in 28 communities in the Greater 
Milwaukee Area.  It serves approximately 410 square miles that cover all, or segments of six 
watersheds.  Established by state law, the MMSD is governed by 11 commissioners with taxing 
authority.  
 
3.0 BACKGROUND 
 
Study Location History 
 
3.1  The Milwaukee area was originally inhabited by various Native American tribes including 
Fox, Mascouten, Potawatomi, and Ho-Chunk (Winnebago).  French missionaries and traders 
were the first Europeans to pass through this area in the late 17th and 18th centuries.  A fur 
trading post, established near the Menomonee River in 1795, was moved to the eastern bank of 
the Milwaukee River in 1825, and soon attracted settlers from the eastern US and Europe, 
particularly Germany.  Settlement and development steadily occurred as villages and suburbs 
became incorporated.  Because of its easy access to Lake Michigan and other waterways, 
Milwaukee’s Menomonee River Valley has historically been home to manufacturing, stockyards, 
rendering plants, shipping, and other heavy industry2.  These developments led to alterations to 
the Milwaukee Estuary to improve shipping access during the late 1800s.   
 
3.2  The proposed Section 506 study area is within Underwood Creek located in Milwaukee 
County, Wisconsin, within the City of Wauwatosa, a western suburb of Milwaukee (Figure 1).  
Underwood Creek is 8 miles long and has two major tributaries:  Dousman Ditch (2.6 miles 
long) and South Branch of Underwood Creek (1.1 miles long).  Underwood Creek, with a 
watershed of approximately 20 square miles, is a major tributary to the Menomonee River, which 
has a 135 square-mile watershed (including the Underwood Creek sub watershed) (Figure 1).    
 
3.3  Underwood Creek historically provided local stream and wetland habitat among a large 
regional collection of streams, rivers and wetlands connecting the Menomonee River, Milwaukee 
River, Kinnickinnic River and Lake Michigan.  This regional connection once supported the 
migration of potamodromous fish (migratory fishes whose spawning migrations occur entirely 
within freshwater) from Lake Michigan, through a short distance in the Milwaukee River and 
Milwaukee Estuary, then into the Menomonee River and on to other smaller tributaries including 
Underwood Creek.  These streams and wetland habitats supported and provided a productive 
fishery for the region, but they have been degraded over time.   
 
3.4  Underwood Creek within the Section 506 project area was once a broadly meandering 
channel (Figure 3).  The stream was altered to reduce flooding during the 1960s and 1970s by the 
Metropolitan Sewerage Commission of the County of Milwaukee, which was the predecessor to 
the MMSD.  These alterations included channel widening and realignment, clearing vegetation, 
and the construction of concrete lining and multiple drop structures along a substantial portion of 
the channel.  

                                                 
2 Milwaukee County Historical Society, http://www.milwaukeehistory.net/ (September 2011). 
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3.5  While the channel modifications successfully reduced peak water surface elevations along 
Underwood Creek, these activities and related industrialization resulted in loss of vital stream 
habitat, barriers to local and regional fish migration, and a cumulative decline in the abundance 
and diversity of the regional fish community.  In addition, the concrete lining and channel 
straightening did not keep up with the pace of watershed development and peak water surface 
elevations continued to increase.  
 
MMSD Flood Management Project   
 
3.6  Seven major floods occurred within the Menomonee River watershed from 1897 to 1973. 
All seven of these flood events impacted properties within and downstream of the study area and 
caused considerable economic losses.  During the last few major flood events through 1973, the 
majority of the damage that occurred along the Menomonee River was centered in Wauwatosa 
and western portions of the City of Milwaukee.  Along Underwood Creek, the Fisher Parkway 
neighborhood (Figure 2) also experienced secondary (basement) flooding during the April 1973 
flood event (SEWRPC, 1976).  
 
3.7  In the early 2000’s the MMSD designed the Milwaukee County Grounds Floodwater 
Management Facility (MCGFMF), which reduces peak discharges along Underwood Creek, 
including compensation for restoration of concrete segments into riffle/pool design, and 
enhances flood management along the Menomonee River.  The MCGFMF mainly consists of a 
diversion structure (approximately 675 feet upstream from the proposed Section 506 study reach) 
that delivers water through a tunnel that is approximately 3,000 feet long to a detention basin of 
approximately 940 acre-feet storage capacity.  The MCGFMF was completed in June of 2011.  
 
3.8  The restoration  of Underwood Creek was facilitated by the MCGFMF project, since peak 
discharges within the current Underwood Creek project area downstream of the MCGFMF 
Diversion Structure are substantially reduced.  MMSD initiated the efforts to restore 
approximately 6,600 linear feet of Underwood Creek beginning from the confluence with the 
Menomonee River and extending upstream.  MMSD’s Underwood Creek restoration plan was 
divided into 2 phases.  Phase 1 was completed by MMSD in September, 2010 with the 
construction of restoration improvements along 2,200 feet of channel starting at a point located 
just upstream of the railroad bridge under U.S. Highway 45.  The starting point of MMSD’s 
completed Phase 1 project corresponds to the upstream limit of the proposed USACE Section 
506 project reach.  
 
3.9  MMSD’s completed Phase 1 restoration project on Underwood Creek (see Figure 4, 
Segment 6, on Page 10) included the removal of concrete channel lining; the development of a 
channel with riffle and pool sequences; and the reactivation (lowering) and re-vegetation of the 
adjoining floodplain to improve floodplain wetland habitat (TetraTech, 2006).  The main goal of 
the Phase 1 project was to provide fish passage and floodplain riparian habitat.  The channel in 
the restored reach is composed of boulders and stones arranged to create a series of riffles and 
pools to reduce velocities for fish passage while at the same time providing channel stability in 
place of the concrete (depicted in Figure 15 on Page 13).  The restored channel appears to be 
performing as designed. 
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3.10  MMSD’s Phase 2 restoration project plan involves restoring Underwood Creek starting at 
its confluence with the Menomonee River and extending approximately 4,400 feet upstream to 
the beginning of the Phase 1 project reach.  It is noted that MMSD’s Phase 2 project reach 
corresponds to the proposed USACE Section 506 project reach.  
 
3.11  When MMSD planned the Milwaukee County Grounds retention facility (MCGFMF) in 
the mid-2000s they sought the required Section 404 permit from the USACE St. Paul District 
that covered the retention pond (including inflow and outflow channels/culverts) and stream 
restoration work in Underwood Creek3.  The stream restoration included an upstream phase 
which has been completed by MMSD and the currently proposed Section 506 work.  MMSD 
received their 404 permit (#2006-10-RMG) which required mitigation for expected unavoidable 
adverse wetland impacts.  Some of that mitigation was slated to occur in the area identified in 
this Section 506 project as Segment 3.  Because of the plans to remove the concrete from 
Underwood Creek to improve fish passage under the currently proposed Section 506 project, 
MMSD was forced to delay mitigation work in the floodplain in Segment 3 until the channel 
work is done and the floodplain is appropriately sized to accommodate a 100 year flood event.  
During construction of the proposed 506 project the USACE will remove the concrete and drop 
structures and create an armored channel and floodplain cross section to accommodate flooding.  
Following that, MSSD will do additional work within the floodplain created by the proposed 
Section 506 project to meet their remaining 404 mitigation requirements at their cost.  MMSD 
will design their work to assure it does not inhibit flow during flood events.  It is anticipated that 
the MMSD work will involve some additional excavation to establish wetlands at the appropriate 
elevations and the planting of native vegetation.   
 
Proposed Section 506 Study Area  
 
3.12  The proposed Underwood Creek Section 506 study reach begins approximately 250 feet 
upstream from the confluence with the Menomonee River, which is approximately 8.4 miles 
upstream from the Milwaukee Estuary.  The proposed reach to be restored extends 
approximately 4400 feet upstream closely followed by the Canadian Pacific Railway (CPR) on 
the south (Figure 2), and is paralleled in part by the W. Fisher Parkway on the north (Figure 2).  
The upstream end of the Study reach passes under bridges for the CPR and U.S. Highway 45. 
 
3.13  The project site consists of a concrete trapezoidal channel with a narrow riparian buffer, 
which has minimal access to a floodplain.  Because of the modification to the channel, as well as 
adjacent development, a typical geomorphic assessment could not be conducted in the project 
reach.  Prior to channelization, the stream followed a meandering path (Figure 3) and would have 
been expected to exhibit typical geomorphologic features, such as riffles and pools, with a 
connected floodplain. 
 
3.14  The segments identified in the proposed Section 506 study are numbered 1a through 5 
(reference Figures 4 – 15 beginning on Page 10) with section breaks based on changes in the 
                                                 
3 Evaluation	and	public	review	of	this	USACE	Section	506	Underwood	Creek	ecosystem	restoration	action,	pursuant	to	the	Clean	Water	
Act	Section	404(b)(1)	guidelines,	was	completed	by	the	St.	Paul	District	Regulatory	office	(Permit	#	2006‐RMB‐10)	as	part	of	the	MMSD’s	
MCGFMF	project,	which	included	the	restoration	reaches	along	Underwood	Creek.		Therefore	no	separate	Section	404(b)(1)	Evaluation	
was	prepared	for	this	Section	506	project. 
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floodplain and overbank area.  These channel segments vary in width and side slope.  The 
following paragraphs include a brief description of each stream segment.         

Segment 1a 
 
3.15  Segment 1a is 250 feet long extending upstream from the Underwood Creek confluence 
with the Menomonee River, to a point approximately 75 feet below the downstream end of the 
concrete channel lining in Underwood Creek.  This reach is a more natural, unlined section of 
Underwood Creek.  The channel near the downstream end of this segment exhibits an intact 
forested floodplain (Figure 5).   
 
3.16  The morphology in this reach appears to be highly influenced by the Menomonee River, as 
Section 1a of Underwood Creek is within its floodplain.  Near the upper end of this stream 
segment, the channel exhibits some bank erosion and a large scour pool associated with 
hydraulic expansion forces as storm flows exit the concrete-lined reach.  Although there is no 
drop structure in this reach, it is the first point in the channel where upstream-migrating fish 
encounter the exposed concrete channel.  As such, the beginning of the concrete channel is the 
first deterrent to fish migration and therefore inhibits longitudinal connectivity. 
  
Segment 1b 
 
3.17  Segment 1b is 1,945 feet long (Figure 4, existing STA4 10+49 to 29+94).  This segment is 
highly constrained on the left over-bank area (looking downstream) (Figure 6) by a church and 
single-family residential homes located along Fisher Parkway.   
 
3.18  Segment 1b is also constrained on the right over-bank area by Hansen Golf Course and the 
CPR corridor.  The Segment 1b existing concrete channel includes a 3.5-foot-high cracked and 
failing concrete drop structure (Figure 7), and has the approximate channel dimensions of 30-
foot bottom width, 68-foot top width, and 2:1 (horizontal to vertical) side slopes.  
 
Segment 2 
 
3.19  Segment 2 is 323 feet long (Figure 4, existing STA 29+94 to 33+17).  It is a transitional 
segment that includes a slight curvature of the Underwood Creek channel, and because of the 
open space located between the Underwood Creek channel and Fisher Parkway along this 
segment, allows for relatively wide left and right over-bank areas (Figure 8).  The concrete 
channel dimensions vary within this segment. 
 
Segment 3 
 
3.20  Segment 3 is 1320 feet long (Figure 4, existing STA 33+17 to 46+37) and is located just 
downstream of the U.S. Highway 45 Bridge.  There are three existing drop structures in Segment 
3, of 0.5 feet (Figure 9), 1.9 feet, and 4.0 feet, respectively (Figure 10).  The concrete channel 
within Segment 3 is a 20-foot wide shallow U-shaped channel, with a six-inch vertical rise on the 

                                                 
4  STA = Station.  Used in engineering drawings.  Stationing is given in 100s of feet + number of feet less than 100.  
E.g., STA 33+17 is 3317 feet from the point of origin that all linear distances are measured from. 



- 9 - 
 

channel perimeter, which is unique when compared to other concrete-channel cross-sections in 
the study area (Figure 11).  The channel is connected to a broad forested floodplain.  There are 
extensively eroded areas adjacent to the concrete channel.  This erosion has been caused by past 
large storm discharge events.  
 
3.21  The total channel and floodplain top width in Segment 3 is approximately 150 feet, with 
the floodplain areas having approximately 6:1 side slopes.  Fisher Parkway is on the left over 
bank area and the CPR corridor on the right over bank area. 
 
Segment 4 
 
3.22  Segment 4 is 414 feet long (Figure 4, existing STA 46+37 to 50+51), and extends from 
approximately the downstream face of the U.S. Highway 45 Bridge to the downstream face of 
the CPR Bridge.  Approximately one half of this channel segment is located beneath the  
U.S. Highway 45 Bridge (Figure 12).  It also has a 90 degree right bend just downstream of the 
CPR Bridge.  The Segment 4 concrete channel includes a concrete drop structure approximately 
67-feet downstream of the CPR Bridge that is 1.9 feet high (Figure 13).  
 
Segment 5   
 
3.23  Segment 5 is 149 feet long (Figure 4, existing STA 50+51 to 52+00), extending from the 
downstream face of the CPR bridge, upstream to the downstream limits of MMSD’s completed 
restoration project (Figure 14).  The existing concrete channel beneath the CPR Bridge has 
vertical side slopes and is approximately 20 feet wide, extending to the bridge piers.  An inset 
trapezoidal concrete channel was constructed within the Segment 5 channel during construction 
of MMSD’s restoration project to allow the channel to properly discharge downstream. 
 
4.0 ALTERNATIVES 
 
4.1  Three alternatives were considered for the proposed Section 506 project.  Alternative 1 is the 
“No Action” alternative, where the concrete within the channel would not be removed.  
Alternative 2 (Naturalized Channel with Floodplain Improvements Upstream) would involve the 
removal of the concrete channel lining and drop structures, replacing them with pools and riffles 
constructed with natural boulders and stone.  Alternative 3 (Expanded Floodplain Upstream with 
Tiered Walls Downstream) would include many of the same improvements proposed in 
Alternative 2, plus a more sinuous channel alignment.  Each of the discussions for the action 
alternatives (Alternative 2 and 3) are broken down into its respective segments so that project 
details associated with each restoration alternative plan are easier to understand.  Table 1, 
provides information pertaining to each of the restored channel segment dimensions. 
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Alternative 1: No Action 
 
4.2  The USACE is required to consider the option of “No Action” as one of the alternatives in 
order to comply with the requirements of the National Environmental Policy Act (NEPA).  No 
action assumes that no restoration project would be implemented by the USACE or by the non-
Federal sponsor.  No Action, which is synonymous with the Future Without Project Condition, 
forms the basis from which all other alternative plans are measured.   
 
4.3  Without implementing the proposed project, the concrete channel and drop structures within 
this reach of Underwood Creek would remain in place.  The watercourse would not provide the 
ecosystem benefits associated with natural channels and migratory fish would remain severed 
from upstream habitat.  The very low value aquatic habitat ecosystem provided by the concrete 
channel would remain the same, and the habitat would not be improved and over time, concrete 
maintenance would be required.   
    
Alternative 2: Naturalized Channel with Floodplain Improvements Upstream 

 
4.4  This alternative combines the following measures in its design: concrete removal, channel 
slope modification, natural rock bottom, riffle/pool sequence, and low flow channel.    
 
Segment 1a 
 
4.5  This segment already has a natural channel and floodplain and so would not be modified.   
 
Segment 1b 
 
4.6  Concrete from the channel bottom and a 3.5-foot drop structure would be removed and 
replaced with a natural stone bottom.  The channel’s slope would be slightly modified and a 
riffle and pool sequence would also be incorporated into the channel’s design along with an in-
set low flow channel.  This low flow channel would have a top with of 7.5 feet, a bottom width 
of 3 feet and depth of less than a foot (Table 1).  Dimensions of the main channel would consist 
of: a 30-foot top width, nearly an 18-foot bottom width, and an average channel depth of 2.57 
feet (Table 1).  In addition, the main channel’s design would be sized hydraulically so that the 
actual channel is exceeded on average between 12 and 16 times per year.  This overtopping is 
important for ensuring that any adjacent floodplains remain hydrologically connected.   
 
4.7  The concrete side slopes throughout this segment would not be modified.  Those concrete 
slopes that are in good condition would remain in place and any deteriorated slopes would be 
replaced with new concrete banks/side slopes.  To provide channel stability and prevent incision, 
Steel Sheet Pile (SSP) walls would be installed on both sides of the channel throughout this 
Segment and Segment 2 for a total channel length of 2100 feet.  A concrete-block retaining wall 
would be anchored at the toe of the banks to further ensure slope stability.   
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Segment 2 
  
4.8  Consistent with Segment 1b, this segment would call for: removal of the concrete channel 
bottom, slight modification in the channel slope, the addition of a main channel riffle/pool 
sequence, inclusion of an in-set low-flow channel within the main channel, a natural rock 
channel bottom, and new or modified concrete side slopes.  Both the main channel and low flow 
channel dimension would remain fairly consistent with Segment 1b (Table 1).  The SSP and 
concrete-block wall, as noted in discussion of Segment 1, would also continue into Segment 2.  
The SSP and concrete block walls would extend 2100 feet, spanning both segments, on both 
sides of the channel.   
 
 

Table 1.  Underwood Creek Proposed Channel Parameters. 

Location          
(reference         
Figure 4) 

  Main Channel                    
(2:1 side slopes) 

Low Flow Channel        
(3:1 side slopes) Slope 

(ft/ft) Top Bottom Max Ave Top Bottom Max 
  Width Width Depth Depth Width Width Depth 
  (ft) (ft) (ft) (ft) (ft) (ft) (ft) 

Seg. 1b and 
downstream ~162 

ft. of Seg. 2 0.00228 30 17.8 3.06 2.57 7.5 3 0.75 

Upstream ~188 ft. 
of Seg. 2 and 

Downstream ~393 
ft. of Seg 3 

0.00289 30 18.9 2.78 2.38 7 2.5 0.75 

Upstream ~844 ft. 
of Segment 3 0.00577 30 21.4 2.15 1.93 6 1.5 0.75 

Segment 4 0.015 32 26.2 1.46 1.39 5 0.5 0.75 

 
 
Segment 3 
 
4.9  The concrete channel bottom would also be removed in this segment and would have most 
of the same design elements incorporated into the main channel as those presented in the 
previously mentioned segments (1b and 2).  These design elements include: a natural rock 
channel bottom, a main channel riffle/pool sequence, and an in-set low flow channel.  Three 
concrete drop structures 0.5, 1.75 and 4.0 feet in height, respectively, would also be removed 
during the concrete channel’s demolition.    
 
4.10  Segment 3’s adjacent floodplain would be increased to a width of 86 feet in order to 
provide additional storage during peak flows.  In addition, the channel slope in the downstream 
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portion of this segment would have a steeper slope compared to the upstream end portion of the 
segment (Table 1).  Two separate channel cross sections have been developed to accommodate 
this difference in slope. 
 
Segment 4 
 
4.11  As in the other segments, the concrete channel bottom in Segment 4 would be removed. 
Downstream from U.S. Highway 45, the floodplain would consist of a relatively flat concrete 
bench, approximately 30 feet wide.  The concrete is necessary to provide stability under a 
hydraulic jump predicted to occur in this reach during above the 50% chance (2-year) storm 
event.  The flat concrete bench would be widened to help transition to the Segment 3 floodplain.  
 
4.12  In Segment 4, the existing concrete on the side slopes will be maintained or reconstructed 
at U.S. Highway 45 to avoid scour at the bridge pilings.  A footing would be required at the base 
of the concrete slab to support the slab and prevent undermining.  The existing piles are not 
battered, and no adverse impacts are expected if the concrete walls are properly supported.  The 
1.9-foot high concrete drop structure would also be taken out with the concrete channel.  The 
dimensions of the main channel and low-flow channel would be different in this segment 
compared to other the segments.  More specifically, the main channel in Segment 4 would be 
wider (26.2 ft) and shallower (1.46 ft) and low-flow channel in this segment would have a 
narrower (0.5 feet) bottom width (Table 1).   
 
4.13  Similar to the other segments, the channel’s slope would be modified through Segment 4.  
The new slope (Table 1) would transition from a fairly flat profile on the upstream end of the 
segment to a steeper slope towards the downstream end.  Segment 4 would have the steepest 
design reach (1.5%) and would require structural grade controls to be installed into the stream 
bed to provide channel stability.  Grade controls maintain the vertical elevation of the stream bed 
and prevent channel incision.  They would be designed as step structures composed of large 
boulders, rock cross vanes, or a series of boulder cascades in order to break up flows so fish can 
pass upstream.   
 
Segment 5 
 
4.14  In Segment 5, the existing channel cross section would be maintained and disturbance 
under the CPR Bridge would be avoided.  Instead, surface roughness and boulders would be 
added to the existing concrete channel, effectively turning the channel into a riffle section, with 
water depths and velocities conducive to the passage of migratory fish.  The remainder of the 
reach would be a riffle transition or tie-in to the upstream restoration project (Phase 1, completed 
by MMSD).  Notably, the slope in Segment 5 would not be modified from existing conditions. 
 
Alternative 3: Expanded Floodplain Upstream with Tiered Walls Downstream 
 
4.15  Alternative 3 would have many of the same channel improvements as Alternative 2.  The 
concrete channel bottom would be removed and replaced with natural stone throughout all 
stream segments with to the exception of Segment 5.  As in Alternative 2, boulders would be 
added to the existing channel bottom to create a modified riffle section within Segment 5.  The 



- 17 - 
 

main channel cross section dimensions (Table 1) and proposed channel slopes would remain 
consistent with Alternative 2 (Table 1).  As proposed with Alternative 2, the five concrete drop 
structures would also be eliminated.   

 
4.16  Compared to Alternative 2, this alternative would provide enhanced aquatic habitat and 
energy dissipation through larger pools (located within the channel bottom) located near 
stormwater outfalls at North 103rd Street (Segment 2), North 106th Street (Segment 3), and 
upstream of the U.S. Highway 45 Bridge (Segment 4).  In-stream habitat would be further 
enhanced in this alternative compared to Alternative 2 by creating a section of broad meanders 
throughout Segment 3.  To incorporate the broad meanders, the cross section in Alternative 3 
would be widened to 120 feet.   

 
Segment 1a     
 
4.17  No change from Alternative 2 

 
Segment 1b 

 
4.18  This segment would be consistent with Alternative 2 except with regard to the method 
chosen for bank stabilization.  Once the concrete channel bottom is removed, stabilization would 
occur on both sides of the channel, near the downstream end of this segment.  To stabilize the 
banks/slope, the edges of the cross section would be composed of tiered wet-cast retaining walls, 
on both sides of the channel for 2100 feet (including extending into Segment 2), which would 
allow for the development of an expanded stone-lined floodplain bench adjacent to the main 
channel.  (Compared to pre-cast concrete blocks, wet-cast concrete blocks contain higher 
moisture content; have less entrained air; are more durable to abrasive forces, are larger and 
heavier.)  The bench would accommodate limited low-flow channel sinuosity.  Terraces would 
be created between the walls and would consist primarily of 8-inch-thick geocell layers with a 
cobble stone backfill.  Temporary steel sheet pile shoring, approximately 550 feet in length, 
would be used during the in the construction of the wall to provide slope stability and prevent 
channel incision.     

 
Segment 2 

 
4.19  This segment would be consistent with Alternative 2 except with regard to the method 
chosen for bank stabilization.  As discussed above, in Segment 1b, the proposed slope stability 
methods (retaining wall) would be carried over from Segment 1b into Segment 2.   

 
Segment 3 

 
4.20  As mentioned above, this alternative incorporates broad channel meanders into Segment 3.   
In order to maintain existing flood provisions under the broadened meanders, the cross section in 
this segment would be widened to approximately 120 feet (vs. the 86-foot width in Alternative 2) 
to create an expanded area for floodwater storage.   
 
Segments 4 and 5 

 
4.21  No changes from Alternative 2. 
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5.0 ALTERNATIVE SELECTION 
 
5.1 The USACE is committed to spending the nation's tax dollars wisely by investing in 
ecosystem restoration projects that provide the greatest benefits for the investment, and focus 
upon our most significant natural resources.  Three alternative plans were evaluated for the 
proposed Section 506 project.  The purpose of the alternatives analysis is to find the one 
alternative that becomes the National Ecosystem Restoration (NER) Plan.  The NER plan is 
defined as the plan that reasonably maximizes environmental restoration benefits compared to 
costs and meets the project goals.  Both cost effectiveness and habitat benefits are used to 
identify the NER plan.   
 
5.2 Because ecosystem benefits are not measured in monetary terms, the USACE utilizes an 
incremental cost analysis (ICA) in the evaluation of its environmental restoration projects.  The 
ICA is used to identify the project alternative that is the most efficient at producing 
environmental benefits as calculated by the net average annualized habitat units measured over 
the 50 year life of a project.  There are habitat benefit/output evaluation techniques, models and 
tools with an emphasis on scientifically based and peer-recognized metrics for the analysis of 
ecosystem restoration projects.  For the proposed Section 506 project, the Habitat Unit (HU) 
evaluation tool was used.   
 
5.3 The HU evaluation may include type of habitat to be used by specific target species, the 
quantity, quality, and biodiversity associated with each habitat type, and the connectedness to 
other habitat types/ecosystems for specific target species.  The HUs are compared between two 
future conditions, the condition of implementing each of the alternative plans versus the 
condition of taking no action, to determine each alternative’s potential ecosystem benefits.  The 
goal of the HU evaluation and ICA was to determine if the value of the ecosystem outputs 
(benefits) for each of the project alternatives exceeds the project cost.   
 
5.4 For this proposed Section 506 project, the HU/ecosystem output (benefit) for each of the 
project alternatives was calculated as the product of the estimated values of the quantity of 
habitat in acres by the quality of the habitat, measured using the US Fish and Wildlife Service’s 
(USFWS) habitat suitability index (HSI) for select species.  The Habitat Unit Evaluation is 
contained in Appendix E of the DPR and is summarized as follows.  
 
5.5 Habitat quantity was expressed as the number of acres of habitat at the project site.  The 
present stream channel through the project reach totals 2.5 acres, mostly concrete lining.  
Alternative 2 would provide a more naturalized and slightly widened stream lining for a total of 
2.9 acres.  Alternative 3 is similar to Alternative 2 but wider for a total of 3.1 acres. 
 
5.6 Habitat quality is expressed as suitability, as determined using an HSI for a representative 
species.  The HSI is a quotient up to a maximum of 1.0.  The representative species used are 
white sucker (Catostomus commersoni) and longnose dace (Rhinichthys cataractae), both warm 
water fish species.  These two fish species are commonly found in Underwood Creek and in the 
Menomonee River.  Longnose dace was chosen to represent fish of smaller plains streams that 
may have irregular flows, slower velocities, and shallower depths.  The white sucker is a highly 
adaptable species that would travel up Underwood Creek during spring spawning runs.  Their 
preferred spawning habitat reflects the restored in-stream habitat proposed in Alternatives 2 & 3.    
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5.7 Based on the HU evaluation, Alternative 3 results in the highest AAHUs at the total lowest 
cost compared to Alternative 2.  Alternative 3 provides the most benefits in terms of restoring 
ecological function, diversity and integrity to the project area, compared to the other alternatives.  
Alternative 3 is the National Ecosystem Restoration (NER) Plan, since it is the plan that 
reasonably maximizes environmental restoration benefits compared to costs and meets the 
project goals. 
 
6.0  DESCRIPTION OF THE PROPSOSED ACTION 
 
6.1  The recommended plan for the proposed USACE Section 506 Underwood Creek restoration 
project is Alternative 3, which includes tiered retaining walls downstream.  The relatively 
continuous slope within the existing channel would be replaced with numerous pools and riffles 
in the bottom of the main channel.  Riffles provide spawning habitat and cover for species that 
are suited to higher velocities (e.g. dace and darters), while pools provide cover for species that 
need lower velocities (e.g. bass, sunfish and northern pike).   
 
6.2  Coordination with other Federal, state and local agencies resulted in support for the project. 
In addition, this plan is acceptable to the non-Federal sponsor (MMSD) and is supported by other 
local stakeholders.  The proposed plan includes a monitoring plan (DPR, Appendix G).  This 
restoration project would also tie in with MMSD’s recently completed restoration of 2,200 feet 
of channel upstream of this reach and would add to MMSD’s current and ongoing regional 
efforts to restore fish passage from Lake Michigan and the Milwaukee Estuary to smaller 
tributaries like Underwood Creek and valuable habitats in other small watersheds.      
 
Aquatic Habitat Improvements 
 
6.3  This proposed USACE Section 506 restoration project encompasses the channel restoration 
features identified by MMSD for their proposed Phase 2 Underwood Creek restoration project.  
This Section 506 project involves the restoration of approximately 4,400 linear feet of 
Underwood Creek, including removal of the concrete liner and drop structures, installation of a 
more naturalized bed material, and widening of the floodplain to hydraulically compensate for 
the channel modifications.  Once the concrete panels are removed and underlying materials are 
excavated, approximately 6,000 cubic yards of granular fill material will be placed for the 
subbase and subgrade prior to placement of 17,700 cubic yards of stone for construction of riffles 
and pools and 350 boulders for habitat improvements.    
 
6.4  The Section 506 project will connect to the MMSD’s completed restoration (Phase I) of the 
upstream Underwood Creek, resulting in approximately 1.25 miles of Underwood Creek stream 
channel becoming open to fish.  The Section 506 project is a step towards the MMSD’s goal of 
reclaiming historic fish access from Lake Michigan and the Milwaukee Estuary to small 
tributaries like Underwood Creek.  Concurrent projects on the Menomonee River will begin to 
restore fish passage from Lake Michigan.  Fish barriers exist on Underwood Creek beginning 
approximately 1,500 feet upstream of MMSD’s completed Phase 1 restoration project.  The 
MMSD’s proposed upstream restoration projects on Underwood Creek will eventually provide 
additional access in the upper watershed, which contains over 400 acres of high quality emergent 
floodplain wetlands with 140 acres of emergent wetland suitable for spawning by northern pike.   
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6.5  The Section 506 project would improve local fish populations.  In doing so, this restoration 
would also indirectly help address fish and wildlife habitat and population concerns associated 
with Beneficial Use Impairments of the Milwaukee Estuary Area of Concern,5 which includes 
much of the Menomonee River, the inner and outer harbor, and other rivers connected to the 
harbor.   
 
6.6  The proposed project would remove nearly all concrete within the bottom of the main 
channel of the stream, replacing it with a boulder and stone lined main channel with numerous 
pools and riffles.  The riffles/pools are designed to be self cleaning and pass bed load materials. 
The variable substrate and morphology in the channel would provide spawning habitat and 
resting areas for fish, while supporting the development of a more diverse macro-invertebrate 
community.   
 
6.7  Upstream passage of resident stream fish and potamodromous species would be promoted 
through the removal of all existing drop structures and would be further enhanced through the 
addition of a low flow channel and random cover boulders in the riffle sections.  The low flow 
channel will help ensure sufficient water depth for fish passage during dry seasons.  The random 
boulders will break up flows to simulate more natural conditions and provide resting areas to 
enable fish passage upstream during high flow conditions. 
 
6.8  In-stream channel improvements for Alternative 3 would involve removing concrete drop 
structures and providing more natural stone and boulder in the bottom of the bankfull channel.  
In Segment 4, a series of pools and grade control structures are proposed within the bankfull 
channel to provide refuge habitat and fish passage through the reach (Figure 16).  Grade controls 
also maintain the vertical elevation of the stream bed and prevent channel incision.  They can be 
designed as step structures composed of large boulders, rock cross vanes, or a series of boulder 
cascades.  Where excessive channel velocities and shear6 are predicted, grade controls that 
incorporate sheet pile and concrete would be designed and installed.  All grade controls on 
Underwood Creek would be designed to provide fish passage.  The type of grade control 
installed in Underwood Creek would be specific to the hydraulic and habitat requirements of 
each segment and would be determined during the design phase.  
 
6.9  Alternative 3 includes larger pools at stormwater outfalls to provide enhanced aquatic 
habitat and energy dissipation. Segment 3 includes a new broadly meandering channel alignment 
(Figure 17) with a widened floodplain (Figure 18).7   
 

                                                 
5  The Milwaukee Estuary has been listed by the International Joint Commission (IJC) as one of forty-four Areas of 
Concern over impaired water resources within the Great Lakes ecosystem.  The International Joint Commission 
(IJC) is a bi-national organization that was established by the 1909 Boundary Waters Treaty “to help resolve 
disputed and to prevent future ones, primarily those concerning water quantity and water quality along the boundary 
between Canada and the United States” (http://www.ijc.org/rel/agree/water.html). 
6  Hydraulic shear stress is the parallel force of water over an area. 
7  Floodplain habitat is to be constructed by the MMSD after completion of the Section 506 project, but is  not 
accounted for in this benefits analysis because it is being constructed at 100% non-Federal cost as requirements from 
the permitting of the MMSD County Grounds project. 
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Figure 16.  Plan View of Segments 4 and 5. 

 
 

 
Figure 17.  Segment 3 with New Meander Pattern. 

 
 

 
Figure 18.  Segment 3 Proposed Typical Cross Section (Note, floodplain habitat is not part 
of USACE project.) 
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Channel Modifications 
 
6.10  Concrete side slopes are required in Segment 4 (upstream) and concrete floodplain benches 
are required in the downstream portion of Segment 4, because a hydraulic jump is anticipated 
immediately downstream of the U.S. Highway 45 Bridge during certain design discharge events.  
These concrete features, which are also present under existing conditions, are needed to maintain 
floodplain and embankment stability within these segments, which provides protection of off-site 
properties and structures.  Along Segment 1b and most of Segment 2, the banks of the channel 
cross-section would be composed of tiered retaining walls that allow the development of an 
expanded stone-lined floodplain bench adjacent to the main channel (Figure 19).  This bench 
would accommodate limited low-flow channel sinuosity.  It is likely that these terraces would 
consist of an erosion control layer with a cobble stone backfill. 
 
6.11  Alternative 3 would provide enlarged pools in the main channel to provide habitat and 
energy dissipation for the existing stormwater outfalls at North 103rd Street, North 106th Street, 
and upstream of the U.S. Highway 45 Bridge.   
 
 

 
Figure 19.  Alternative 3 Segments 1b and 2 Proposed Cross Section Detail. 

 
 
Floodplain Widening and Excavated Material Disposition  
 
6.12  A total of approximately 40,000 cubic yards of soil/fill material would be removed from 
the existing channel to allow stone placement, and for floodplain widening to provide flood flow 
capacity needed to compensate for the increased channel friction of the restored channel lining.  
The excavated material is typical urban fill, and will be sampled and analyzed during the project 
implementation phase to determine acceptability for the intended use.  A small quantity 
(approximately 1500 cubic yards) may require special handling as regulated material (see 
discussion under “Hazardous Material” Subsection in Section 7.0 for additional information).  
Regulated material is any soil or sediment that contains contaminants above regulatory threshold 
levels. 
 
6.13 Excavated material will be disposed of in accordance with applicable Federal, State, and 
local laws and USACE polices.  Any excavated material if it is determined to be a regulated 
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material (approximately 1500 cubic yards are potentially regulated material) would be 
transported to a licensed Type II facility, most likely Advanced Disposal Emerald Park landfill 
located at W124S 10629 S. 124th Street 587, Muskego, Wisconsin.  Excavated non-regulated 
material (current estimate of approximately 39,000 cubic yards) will be disposed of at the 
Lakefield Sand and Gravel facility, located at 7003 W. Good Hope Road, Milwaukee, 
Wisconsin.   
  
Miscellaneous Project Details 
 
6.14  The proposed action may require the construction of one or more temporary structures 
upland or in-water.  The type and location of temporary structures and/or construction materials 
cannot be determined at this time, since they would be incidental to the work being performed.  
Examples are work and storage areas, access roads, and office facilities.  Temporary structures or 
fill material would be at USACE-approved locations within project boundaries or rights-of-way, 
outside of any wetlands, areas containing Federal or state protected species or their critical 
habitat, or properties listed on or eligible for listing on the National Register of Historic Places or 
state-listed properties.  Temporary activities will include appropriate precautionary measures to 
prevent erosion and sedimentation or other undesirable environmental impacts.  These 
construction aids would be removed when no longer needed and their sites would be restored 
upon project completion.  
 
6.15  Minor variations in project design or construction method may occur, depending upon site 
conditions or as a result of the implementation of cost saving measures.  Depending on the 
method and sequence of construction, temporary staging areas, and associated placement of 
clean fill material, may be required.  These areas would be at USACE approved locations within 
project boundaries, temporary construction and staging areas or right-of-ways, and would be 
restored to original condition upon project completion.  Some variation in design details may 
occur as a result of unanticipated design improvements, site conditions, or cost-saving measures.  
Any variations that would result in significant changes to environmental impacts would be 
further evaluated under the National Environmental Policy Act.   
 
 
7.0 AFFECTED ENVIRONMENT AND ENVIRONMENTAL 
CONSEQUENCES 
 
7.1  This section describes the physical conditions and ecological resources within the project 
area, and identifies and analyzes the type and magnitude of anticipated impacts associated with 
implementing the proposed project.  Adverse effects associated with the proposed Section 506 
project are mainly temporary and include items such as: short-term noise and air emissions from 
construction equipment operation, temporary turbidity during construction operations, and 
temporary displacement of fish and wildlife.  Positive long-term effects include improved fish 
passage, and creation of spawning and resting areas for fish. 
 



- 24 - 
 

Climate Considerations  
 
7.2  As is typical in the Great Lakes Region, Milwaukee is susceptible to rapidly changing 
weather and experiences a humid continental climate with windy, cold, snowy winters and very 
humid, warm summers8.  Milwaukee has the second-coldest average annual temperature of the 
50 largest US cities, next to Minneapolis.  Average winter lows are in the teens Fahrenheit (F) 
with average summer highs in the high 70s (F).  On average, Milwaukee receives 31.5 inches of 
precipitation annually at Mitchell Airport.  Rainfall is variable throughout the year, although rare 
during winter months. Long rain events from frontal systems are typically uncommon during 
summer months as shorter thunderstorms are the main precipitation events from May until 
September.  Snow falls regularly from late November until early March. With an annual average 
snowfall of 52.4 inches; much of this snow is due to the lake effect produced by Lake Michigan.   
 
7.3  The majority of Global Atmospheric Circulation Model runs indicate that, under a 
continuing global warming trend, air mass differences will become greater in the Great Lakes 
and upper Midwest regions during the fall and spring (transition) seasons, with stronger resultant 
atmospheric disturbances.  This suggests precipitation events in the project region that will be 
more frequent and more intense.  As such, there is the possibility that river and stream systems in 
the Great Lakes region could experience more frequent events of intense rain falling during a 
short period of time which would increase the likelihood of significant stream bank erosion, 
greater sediment loading into the stream, increased flashiness of the system, and shorter flood 
warning lead time.   
  
Geology, Soils and Land Use 
 
7.4  The study area is situated within the Kettle Moraines, a subset of the Southeastern 
Wisconsin Till Plains eco-region.  The Kettle Moraines sub-eco-region contains a higher 
concentration of lakes with lower overall biomass weights than in the rest of the eco-region9.  
The Southeastern Wisconsin Till Plans ecoregion encompasses most of southeast Wisconsin, 
beginning just north of Green Bay, extending to Madison and the Ohio border, then extending 
east and north along the coast of Lake Michigan, minus the Central Corn Belt Plains region 
located around Kenosha.  Representing a transition between the hardwood forests and oak 
savannas of the eco-regions to the west and the tall-grass prairies of the Central Corn Belt Plains 
to the south, the Southeastern Wisconsin Till Plains eco-region supports a myriad of vegetation 
types.  This sub-eco-region also contains extensive end and ground moraines and pitted outwash 
with belts of hilly moraines10.  Land use in the Southeastern Wisconsin Till Plains is mostly 
cropland, historically forage and feed grains to support dairy operations, and has a higher plant 
hardiness value than eco-regions to the north and west.   
 
7.5  Most of present-day Wisconsin was buried under an ice sheet during the glacial period.  
Glaciation divided Wisconsin into two distinct geographic provinces: the Driftless Area, which 
escaped glaciation during the last glacial period and is known for its deeply carved river valleys, 

                                                 
8 Wisconsin State Climatology Office, http://www.aos.wisc.edu/~sco/ (September 2011). 
9 U.S. Environmental Protection Agency, http://www.epa.gov/wed/pages/ecoregions/wi_eco.htm (September 2011). 
10 USDA Natural Resources Conservation Service, http://websoilsurvey.nrcs.usda.gov/app/HomePage.htm 
(September 2011). 
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and the Glaciated Region.  Underwood Creek lies in the Glaciated region in the Eastern Ridges 
and Lowlands, which is mostly a plain. Dominant features in this plain include more than 1,400 
oval drumlins (elongated hills) of glacial till in southeastern Wisconsin.  Soils that formed over 
this glacial till were derived from glacial deposits, decomposed vegetation, and silt. 
 
7.6  According to the current Milwaukee and Waukesha County soil survey (US Dept. of 
Agriculture, Natural Resources Conservation Service) the majority of the study site is made up 
of Loamy Land and Matherton Silt Loam. Loamy Land is predominately located in the lower and 
middle reaches of Underwood Creek, while Matherton silt loam is found in the middle to upper 
reaches.  The parent material of Loamy Land is loamy spoils or earthen fill and has a depth to 
water table of 12-80” with a soil profile of 0-10” of loam.  The parent material of Matherton Silt 
Loam consists of loamy glaciofluvial deposits over stratified sandy and gravelly outwash with a 
depth to water table of 12-24” and a soil profile of 0-11” silt loam and 11-35” sandy clay loam.  
Soils in the eco-region are clayey to the east and sandier to the west.  The concrete lining along 
Underwood Creek is approximately 7 inches thick and rests on 0.5 - 1 feet of sand and gravel fill 
with some of the disturbed areas along the banks containing fill material.  Implementing the 
proposed project would not have a significant cumulative effect on geology, soils and land use. 
  
Exotic and Invasive Species 
 
7.7  Aquatic invasive species are not considered to be a problem for the Milwaukee River 
System (including Menomonee River and Underwood Creek).  Zebra and quagga mussels live on 
rocks but previously restored rock riffle pool areas within the project reach are not infested with 
these invasive mussels.  Some round gobies may move into the reconstructed rock riffle pool 
segment but the fish already reside in the Milwaukee Harbor.  The USFWS has indicated 
(correspondence of June 7, 2010, Attachment A) that "the Milwaukee River system has no 
record of sea lamprey infestation and the concrete channels and drop structures in these 
tributaries are not considered to be effective at blocking sea lamprey migration."  Further, in 
electronic mail communication the WDNR has indicated that, "if these structures do not stop sea 
lampreys they are not going to stop any other [aquatic invasive] species including round goby,” 
noting that the structures along the Menomonee River are, "routinely under water after even a 
minor rain event", and that they don't see any chance of successful sea lamprey spawning 
because these are warm waters. 
 
7.8  If Asian carp successfully establish within the Great Lakes, the potential exists that the carp 
may try to spawn within the Milwaukee River watershed. Asian carp are thought to have 
exacting spawning requirements, requiring long rivers for the development of the eggs and 
larvae.  The USGS investigated the Asian carp spawning and egg transport suitability of four 
Great Lakes tributaries, including the Milwaukee River, and predicted that, with the right 
temperature and flow conditions, Asian carp could successfully spawn and produce larvae in 
some river segments as short as 16 miles (USGS, 2013).  The observed data indicate that the 
main stem of the Milwaukee River may at times have sufficient hydraulic and water-quality 
characteristics to support successful spawning and recruitment of Asian carp.  However, the 
tributaries within the Milwaukee River watershed do not appear to have enough flow volume or 
length for successful Asian carp reproduction.  Therefore, based on the current understanding of 
their reproduction requirements, implementation of this project does not provide Asian carp 
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access to additional suitable spawning habitat, nor would it extend any existing spawning habitat 
that may be present in the Milwaukee River. 
 
7.9  Invasive vegetation in the proposed limit of disturbance includes fruiting buckthorn 
(Rhamnus sp. and Frangula sp.), honeysuckle (Lonicera sp.), and purple loosestrife (Lythrum 
salicaria), and reed canarygrass (Phalaris arundinacea).  Prior to construction, invasive species 
management would be performed within the limits of disturbance to ensure that clearing and 
grubbing of existing vegetation within project limits includes proper removal and disposal of 
invasive species to prevent their spread.  Post construction monitoring and adaptive management 
of invasive plants in the floodplain is the responsibility of the non-Federal project sponsor.  
Implementation of this project is not expected to create or expand suitable habitat for invasive 
species.  No significant detriments caused by invasive species are anticipated with this project 
and the anticipated gains from river connectivity outweigh the potential adverse effects of 
expanding river connectivity.   
 
Terrestrial Biological Resources 
 
7.10  The Underwood Creek corridor associated with this project includes wooded areas, 
wetland, riparian, recreation, and developed areas.  Because of the confined, narrow, and 
disturbed nature of the riparian corridor and stream channel, the area is fairly limited in 
biodiversity. Wildlife and plant life associated with the stream corridor are indicative of urban 
and suburban wildlife and vegetation indicative of disturbance.  In A Comprehensive Plan for the 
Menomonee River Watershed the Southeastern Wisconsin Regional Planning Commission 
reported that areas of the project reach have been considerably disturbed and contain low animal 
and plant diversity (SEWRPC, 1976).  The project reach was classified as having mixed wildlife 
including song birds, waterfowl, pheasant, muskrat, squirrel, and deer.  On the south bank, 
Underwood Creek is paralleled by railroad tracks with a riparian buffer width ranging from 
approximately 30-100 feet.  To the north of Underwood Creek, the riparian buffer is restricted by 
development and roads, which reduce it down to approximately 0-75 feet. 
 

Physiochemical Water Quality 
 
7.11  The MMSD Water Quality Research Department developed a Water Quality Index (WQI), 
based on established water quality criteria, to evaluate water quality in rivers and creeks.  Eleven 
variables are calculated and values translated into six overall rankings; excellent, good, fair, bad, 
very bad, and worst water quality.  Seven sites were sampled on Underwood Creek from 2003-
2005, including one within the project reach.  This site received a “fair” reading in both 2003 and 
2004 and a “bad” reading in 2005.  Most of the sites fell into the “fair” and “bad” ranges and 
received lower scores in 2005 than previous years.  The sub-indices typically ranked as “bad” 
and contributing to degraded water quality were total phosphorus, fecal coliform, and chlorides 
(MMSD, 2008).  
 
7.12  Wisconsin Warm Water Quality Standards require a minimum of 5 mg/l of dissolved 
oxygen (D.O.) to support warm water fish species.  Below 5 mg/l of D.O. and depending on the 
length of time the D.O. is depressed, fish may suffer deleterious effects, up to and including 
death.  Underwood Creek meets this standard between 50 to 80% of the time, while the 
Menomonee River meets it at least 85% of the time. During the spring spawning periods of 
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March-May, the D.O. in the river is suitable for fish life and egg and larvae development.  The 
hatched larvae will move downstream with the river flows and short periods of low D.O. later in 
the summer should not impact the juveniles.  In addition, the USEPA recommends nutrient water 
quality criteria for this ecoregion below 1.59 mg/L for nitrogen and 0.08 mg/L for phosphorus. 
As of 2006 both the Menomonee River and Underwood Creek were meeting the nitrogen 
requirement at least 85% of the time and the phosphorus requirement less than 50% of the time 
(HNTB, 2006 and references therein).  However, the water quality entering the proposed Section 
506 project reach may have improved since the completion of MMSD’s upstream restoration 
project.   
 
7.13  The existing concrete channel is susceptible to high thermal loading, causing water 
temperatures to be elevated above natural conditions during the summer months.  This situation 
results from the general lack of shade by riparian trees; the conditions of wide, shallow sheet 
flow; the heat-absorption capacity of concrete, and the lack of groundwater/surface water 
(hyporheic) exchange.  However, implementing the proposed Section 506 project would result in 
improved water quality in the Underwood Creek project corridor and further downstream in the 
Menomonee River and beyond.  Water quality improvements would result from the addition of 
in-stream substrate and complexity causing turbulent mixing and oxygenation of the water.  
Trees and shrubs established along the banks as part of the MMSD floodplain restoration efforts 
would provide shade to lower water temperatures, filter runoff, and intercept sediment. 
 
Vegetation 
 
7.14  A healthy native vegetation community requires sufficient soil and access to groundwater 
or periodic inundation for survival.  With the exception of plants growing in cracks and joints 
along the concrete sections, plants are unable to become established on the channelized, concrete 
stream banks along Underwood Creek.   
 
7.15  The vegetation on the slopes beyond the concrete Underwood Creek channel consists of a 
severely narrow and degraded riparian area.  Residential development and flood management 
activities have resulted in clearing of most riparian habitat at this site, leaving a discontinuous 
riparian community concentrated along the channelized stream terrace beyond the armored 
banks.  This community consists of primarily mown turf areas and narrow riparian wooded 
banks.  Several areas along the stream lack a shrub and canopy layer entirely.   
 
7.16  Segment 3 is the only stream reach that is somewhat connected to a broad partially wooded 
floodplain.  The floodplain in this reach is a mix of young trees and open shrub areas that appear 
to be in a state of recovery from past disturbance, and/or maintenance.  The dominant shrubs in 
this area are silky dogwood (Cornus amomum) and common buckthorn (Rhamnus cathartica).  
Dominant trees are box elder (Acer negundo), sugar maple (Acer saccharum), white ash 
(Fraxinus americana), and American elm (Ulmus americana).  The floodplain in this segment 
also includes two narrow wetland bands, described below in Section 7.1.2.2.   
 
7.17  The forked aster (Aster fucalus), and wafer ash (Ptelea trifoliata) have been observed on 
the MMSD’s Milwaukee County Grounds project area (HNTB, 2006 and references therein).  
The wafer ash is a special concern species in Wisconsin, while the forked aster is State-listed as 
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threatened.  Wafer ash is found just west of the proposed USACE Section 506 project reach and 
additional reviews identified further wafer ash habitat to the east of this project area, but not in 
the project reach.  Forked aster habitat was also identified near the project reach.  Implementing 
the proposed Section 506 project would not impact the forked aster, or wafer ash.   
 
7.18  The first year monitoring report for MMSD’s completed Phase I Underwood Creek 
restoration project (ESM, Inc. 2010) indicated favorable conditions for wetland species.  The 
monitoring showed wetland species to be twice as prevalent as upland species with new plant 
communities having developed in 2010, including wet meadow, shallow marsh, shrub carr11, and 
floodplain forest.  This successful Phase I restoration will help support riparian communities in 
the proposed USACE Section 506 project reach immediately downstream by providing desirable 
seeds and plant material through creek flow and wind dispersal. 
 
7.19   Construction of the USACE Section 506 project will require removal of some vegetation 
along both banks of the concrete channel. This vegetation is typically scrubby (shrubs, saplings 
and small trees), some growing out of cracks in the concrete channel lining, but also includes 
mature trees.  A preliminary survey estimated that approximately 50 trees would have to be 
removed along with shrubs and brush in the work area, including areas for site access, but some 
trees would remain along the upper bank slopes in the area of floodplain widening.   
 
7.20  The vegetation along the channel provides some shading to help keep water temperatures 
lower, and provides organic debris to the aquatic ecosystem.  This is of little value in the project 
reach because the existing concrete channel is the limiting factor for aquatic ecology, but the 
vegetation does provide some downstream benefits.  This vegetation must be removed in order to 
construct the project, but impacts will be temporary as the non-Federal Sponsor will provide tree 
and shrub plantings for development of natural vegetation along the new naturalized channel.  
However, the absence of overhanging vegetation would have no effect on passage of sucker and 
northern pike (two of the target species), as these fish are moving upstream in the February 
through April time frame when thermal impacts are negligible.  Additionally, the proposed 
restored channel design focuses on fish passage and ecosystem connectivity.  The restored 
channel at the project site would provide habitat but of limited value to the overall Menononee 
River watershed and sub-watersheds.   
 
7.21  As the proposed USACE Section 506 project only addresses the river channel work, i.e. the 
removal of concrete and the installation of the riffle/pool complex for river connectivity, the non-
Federal project sponsor is responsible for all costs associated with reconnecting the floodplain to 
the creek, floodplain plantings and the costs for disposal of any contaminated sediments 
requiring containment.  As the overall design (channel and floodplain) is similar to that of the 
completed MMSD’s Phase I Underwood Creek restoration, a comparable level of success is 
expected and likely.  
 

                                                 
11 Shrub carr is a type of wetland usually found along edges or lakes or streams, often serving as a transition zone 
between forest and open water or other, more open wetland type. 
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Wetlands  
 
7.22  Field investigations in 2005 and 2006 for the MMSD’s MCGFMF project identified two 
small wetlands along the proposed USACE Section 506 project reach, Segment 3: a 0.64-acre 
wetland along the left bank and a 0.67-acre wetland along the right bank.  These wetlands are 
accounted for in the mitigation requirements of the St. Paul District Regulatory Permit  
(#2006-10-RMG) issued to the MMSD for their MCGFMF project.  These wetlands will be 
compensated for in the required mitigation that MMSD will be completing in accordance with 
the permitting requirements from their MCGFMF project.  In addition to providing terrestrial 
habitat, the MMSD floodplain work will improve vegetative cover providing some shade to 
Underwood Creek and reduce thermal impacts to the creek.  
 
Wildlife and Listed Species  
 
7.23  Two species are Federally listed for Milwaukee County (April 2015 online listing, U.S. 
Fish and Wildlife Service web listings):  northern long-eared bat and rufa red knot, both listed as 
threatened.   
 

a.  The rufa red knot may be present in the area during its migrations but would typically use 
coastal habitats such as mudflats and tidal zones, coastal wetlands and beaches.  As the 
project site is seven miles inland from Lake Michigan, rufa red knot is not expected to be 
present in the project area. Therefore, the project would have no effect on rufa red knot.   
 
b.  The northern long-eared bat is associated with large areas of older forest, but also roosts 
in buildings, under loose bark and in tree cavities.  As the bats give birth from late May 
through late July, depending on the region, and the young bats start flying after about 18-21 
days, any tree cutting (including removal of dead snags) would have to be done after mid-
August.  Therefore, no trees or dead snags would be removed between the dates of April 1 
and August 15 in order to avoid impacting any bats that may be present.12  Since potential 
roosting trees would be removed that would then not be available the following season, the 
project may affect, but would is not likely to adversely affect the northern long-eared bat.   

 
7.24  Based on information received from the Wisconsin DNR the project vicinity has mixed 
wildlife including song birds, waterfowl, pheasant, muskrat, squirrel, and deer.  Two species of 
particular interest occur in the project vicinity: the orchard oriole (Icterus spurious), which is 
State-listed as a special concern, and the Butler’s gartersnake, which is State-listed as threatened.   
 
7.25  The Butler’s gartersnake is a colonial species restricted to several southeastern counties in 
Wisconsin.  Since 1973, there have been only 30 documented locations of this species.  The 
WDNR has determined that the project site is not located near a recently confirmed record, but 
recommended to the MMSD that the voluntary measures described within the State’s Butler’s 
Gartersnake Conservation Strategy (WNDR, 2005) be applied and incorporated into their project 
design to benefit grassland snake species at the site.  MMSD is complying with the WDNR’s 

                                                 
12 If tree removal during the April 1 through August 15 exclusion period is desired by the construction contractor, 
the USACE would need to show there are no bats present and complete further consultation with the U.S. Fish and 
Wildlife Service under Section 7 of the Endangered Species Act.  This typically would require a bat survey. 
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Butler’s Gartersnake Conservation Strategy as part of their (MMSD’s) required restoration work 
in the floodplain located alongside the proposed USACE Section 506 project.   
 
7.26  The orchard oriole is a special concern species in Wisconsin that has been observed on the 
MCGFMF property, which is near the Section 506 project area (HNTB, 2006 and references 
therein).  While the oriole has not been documented as using trees in the project site, as a 
precaution, construction in the vicinity of oriole habitat would be avoided during the active 
nesting period of mid-May to mid-June. 
 
7.27  The existing vegetation and landscape, within much of the project area, would be impacted 
by construction activities.  These activities require temporary access roads and construction 
staging areas to transport and store construction equipment and materials.  Wildlife within the 
project sites and construction areas would be temporarily displaced during construction 
activities.  There are ample areas where displaced wildlife can go during construction, including 
the 67 acres of forest habitat at the nearby WDNR Forestry Education Center property, an 
isolated natural resource area located south of the east basin, the Hansen Golf Course along the 
downstream third of the project reach, and Gravel Sholes Park just upstream of the project reach.   
 
Aquatic Biological Resources 
 
7.28  The Section 506 project reach of Underwood Creek consists of concrete lined channel 
segments and drop structures, lacking pool and riffle habitat typical of a natural stream, which 
plays a major role in facilitating upstream fish passage under high flow conditions that are 
typically present during spring fish migrations.  Woody debris, which contributes to overall 
aquatic habitat quality, is lacking in the reach since the channel design focus was to move water 
swiftly and efficiently downstream.  This reach of Underwood Creek has been designated for 
special variance use designation, meaning that it is unable to fully support warm-water fish 
communities.  Fish surveys have shown relatively little fish abundance and diversity, with 
pollution tolerant fish species being the predominant species observed (HNTB, 2006 and 
references therein). 
 
7.29  In 1973 the WDNR conducted a fish population inventory on Underwood Creek between 
U.S. Highway 45 and the confluence with the Menomonee River (mostly concrete lined) and 
reported four fish species present: southern redbelly dace (Phoxinus erythrogaster, pollution-
intolerant), creek chub (Semotilus atromaculatus, pollution tolerant), blacknose dace 
(Rhinichthys atratulus, pollution tolerant), and common shiner (Luxilus cornutus, pollution 
tolerant).  A more recent fish survey was conducted by staff from the University of Wisconsin-
Milwaukee Stream Ecology Laboratory in 2002.  A total of 11 species were found at the 
confluence with the Menomonee River, where the creek is not concrete lined, while six species 
were identified at both 0.5 miles and one mile upstream of the confluence, both within the 
concrete reach. The most common fish species found at the sampling locations were green 
sunfish (Lepomis cyanellus), bluegill (Lepomis macrochirus), and blacknose dace.   
 
7.30  The United States Geological Survey also evaluated fisheries for lower Underwood Creek 
and the Menomonee River in 2004 and 2007.  These studies  identified 20 fish species overall, 
with 12 species found in Underwood Creek including pearl dace (Semotilus margarita), creek 
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chub, white sucker, longnose dace, bluntnose minnow (Pimephales notatus), blacknose dace, 
central stoneroller (Campostoma anomalum), fathead minnow (Pimephales promelas), 
largemouth bass (Micropterus salmoides), green sunfish, and bluegill.  Based on the fish 
community structure, Index of Biotic Integrity (IBI) scores for Underwood Creek were listed as 
“very poor” (10) in 2004 and “fair” (37) in 2007.  Overall, the concrete-lined channel portions of 
Underwood Creek tended to have lower fish abundance and diversity when compared to more 
natural channel reaches of the creek.  
 
7.31  In addition to fish communities, the USGS also evaluated the benthic macro-invertebrate 
community in Underwood Creek in 2007. Midges and aquatic worms, which are indicators of 
poor water and sediment quality, were the dominant groups found.  Overall, 21 species were 
identified, and the creek was rated as fairly poor (USGS, 2007).  Benthic (bottom dwelling) 
organisms along this reach would be limited to small areas in the joints between concrete panels 
or where some of the concrete is eroded or broken to expose soft sediments.   
 
7.32  Removal of the concrete creek bed and the creation of a rock-lined channel with alternating 
pools and riffles would provide fish and macro-invertebrate habitat.  The streambed substrate 
would consist of sand, gravel, cobbles, and boulders placed in the riffle and pool features.  These 
materials would be well-graded, meaning that all sizes of material would be represented.  Over 
time, the flow of water would sort these materials along the stream course and across the width 
of the stream.  This range of bed material would provide habitat to benthic macro-invertebrates, 
which serve as a food source for fish, and other aquatic and terrestrial life.  Thus, the quantity 
and quality of existing stream habitat would be greatly improved. 
 
Fish Passage 
 
7.33  Portions of the Menomonee River hinder fish migration.  The MMSD is currently working 
on removing a section of concrete channel beginning immediately downstream from the 
Interstate I-94 overpass in Milwaukee and extending upstream approximately 3,700 feet.  Within 
this section of channel, a 1,000 foot reach has been removed by MMSD in 2014.  The remaining 
portion of the reach is currently in construction for concrete removal and channel restoration per 
a USACE Section 206 Aquatic Ecosystem Restoration project.  Once this 3,700 feet of concrete 
channel is removed and restored, ecologically important native potamodromous fish from Lake 
Michigan, the Milwaukee Estuary, and lower reaches of the Menomonee River, which are mostly 
absent upstream of the barrier, will reclaim historic access to upstream sections of the 
Menomonee River and tributaries including Underwood Creek that have been unavailable for 
almost 50 years. 
 
7.34  One of the objectives of the proposed USACE Section 506 project is to improve fish 
passage within Underwood Creek.  The five drop structures and concrete channel within the 
proposed USACE Section 506 project reach of Underwood Creek prevent fish passage from the 
Menomonee River into the upstream reaches of Underwood Creek including the completed 
MMSD Phase 1 project reach.  There are three additional concrete drop structures and concrete 
channel segments on Underwood Creek upstream from the proposed USACE Section 506 project 
limits that block access to approximately 400 acres of floodplain wetland in the upper watershed.  
The first drop structure is located shortly upstream of MMSD’s completed Phase 1 restoration 
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project and two additional drop structures exist on the South Branch of Underwood Creek.  
These structures have been identified for removal by SEWRPC (2000).  MMSD plans to remove 
these structures and restore the remaining sections of Underwood Creek in order to provide 
access to the upstream wetlands and habitat, but the timeline for this work has not been finalized. 
 
7.35  To ensure that fish passage would be maintained through the proposed Section 506 project  
reach, it was necessary to select the weakest swimming fish that would inhabit Underwood 
Creek.  Northern pike (Esox lucius) are prized by sportsman for their size and fighting ability, yet 
they are recognized by scientists and fisheries biologists as a weak swimming fish.  Using their 
sit-and-wait predatory strategy, they swim in short powerful bursts, but lack stamina for 
constantly swimming against river and stream currents.  Although northern pike prefer slack 
water and lakes, they routinely migrate up streams in the spring to reach suitable spawning 
habitat in shallow wetlands (Inskip, 1982).  Northern pike are a target species for active 
management by the WDNR, as such: the WDNR is seeking opportunities to enhance the pike’s 
access to flooded wetlands for spawning.  There are approximately 400 acres of floodplain 
wetland habitat located upstream on Underwood Creek with 140 acres identified that would be 
accessible to northern pike and other species once the restoration projects are completed.   
 
7.36  Given the relatively weak swimming abilities of northern pike, the suitable upstream 
spawning habitat, and the MMSD’s plan to eventually connect all of Underwood Creek to this 
habitat; the northern pike is an excellent species for evaluation of future fish passage.  Using the 
swimming abilities of the northern pike as a benchmark; the hydraulic evaluation performed at 
the proposed riffle and pool cross sections indicates all aquatic species of interest would be able 
to swim upstream through the restored channel during the majority (80%) of all stream 
discharges.  This percentage is similar to a natural stream setting, where water velocities 
associated with high flows or extreme low baseflow can temporarily limit fish movement.   
 
Aquatic Connectivity 
 
7.37  With the recently completed and proposed fish passage and habitat improvements to 
Underwood Creek and the proposed USACE study and ongoing MMSD restoration work in the 
Menomonee River, a multitude of fish species present in Lake Michigan, the Menomonee River, 
and Underwood Creek will benefit from increased access to aquatic habitat in the watershed.  
Approximately 40 different fish species have been documented as inhabiting portions of the 
Menomonee River; potamodromous fish species present downstream of the project area should 
benefit in the long-term, while species that are present in the upper Menomonee above the 
concrete channel blockage at I94 should benefit immediately.   
 
7.38  Those species most likely to benefit in the near-term include walleye (Sander vitreus), 
members of the sucker family (Catostomidae) including golden redhorse (Moxostoma 
erythrurum), shorthead redhorse (Moxostoma macrolepidotum), smallmouth bass (Micropterus 
dolomieu), and northern pike.  The walleye, smallmouth bass, and northern pike are also 
important Wisconsin game fish.  Roughly a million people live within one hour of the greater 
Milwaukee area and the Milwaukee River system is used for recreational fishing (Pajak, 1991).  
Walleye are present in the Milwaukee Estuary and lower Menomonee River and the WDNR has 



- 33 - 
 

an ongoing walleye restoration project for the Estuary and connecting rivers. Anglers have 
directly targeted walleye as a game fish since their introduction in 1990's.  
 
7.39  The WDNR indicates that 7 lb walleye are being taken in the Milwaukee River, that spent 
males and females are being collected during the spawning run, and that it is the opinion of the 
WDNR fisheries staff that sufficient native walleye stocks are available to use the spawning 
habitat even if no further plantings occur (Will Wawrzyn, personal communication).  Thus, one 
would anticipate Underwood Creek to provide important fish stock recruitments to the 
Menomonee River, Milwaukee Estuary and Lake Michigan for a variety of targeted species, 
including walleye once fully restored.  As indicated prior, the removal of the concrete fish 
passage barrier along the lower reaches of the Menomonee River is a critical component to the 
sustainability of resident and potamodromous fish species of Underwood Creek, the Menomonee 
River, and the Milwaukee Estuary. 
  
Hydrologic Conditions 
 
7.40  Hydrologic responses in the Underwood Creek watershed have been substantially altered 
from pre-development conditions  by the highly urbanized character of the landscape  with its 
efficient drainage systems that rapidly convey runoff downstream.  As a result, Underwood 
Creek exhibits a flashy nature during periods of rainfall, with relatively short times to peak flood 
stages and large increases in discharge rates above baseflow conditions.  Based on stream gage 
data from USGS 04087088 at Wauwatosa, Wisconsin, monthly flows through the study area can 
be expected to average approximately 10 cubic feet per second (cfs) in the winter to over 20 cfs 
during spring. 
 
7.41  The storm event discharges provided by MMSD and SEWRPC in April 2011 were applied  
to the proposed Section 506 restoration project (Table 2).  The MCGFMF diversion structure is 
located just upstream of the Section 506 project reach.  The structure diverts flows to the 
detention basin beginning at the 10% chance storm event and has been designed to reduce the 
1% chance storm event by over one-half its volume.  Without the MCGFMF diversion structure, 
the proposed Section 506 project would not be possible.  The hydrologic analysis is provided in 
Appendix B of the Detailed Project Report for the Underwood Creek Section 506 Aquatic 
Ecosystem Restoration Project (DPR).      
 
Floodplains  
 
7.42 The proposed USACE Section 506 project is within the 100-year floodplain.  The proposed 
action complies with the Federal Executive Order on Floodplain Management (E.O. 11988) 
because there is no practicable alternative to construction within the floodplain, the restored river 
reach would not encourage development in the floodplain, and the project in combination with 
the MCGFMF project would not result in increased flood elevations relative to pre- MCGFMF -
project conditions. 
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Table 2.  Underwood Creek Section 506 Restoration Storm Event Discharges. 
 

 
Description 

 

River 
Mile 

Discharge Frequencies 
(cubic feet per second) 

50% 10% 2% 1% 

Upstream of MCGFMF Diversion Structure 1.01 1,650 3,570 5,800 6,910 

Downstream of MCGFMF Diversion 
Structure 0.96 1,650 2,290 2,860 3,080 

Near Upstream Limits of Section 506 Project 0.74 1,660 2,680 3,500 3,840 
Large Box Culvert at 103rd Street  (located 
approx. where Sec. 1b transitions into Sec. 2) 0.41 1,770 3,010 4,100 4,570 

 
 
7.43 Prior to the installation of the MCGFMF diversion structure in 2011, the Fisher Parkway on 
the north side of Underwood Creek in the Section 506 project reach was subject to a 17- to 26-
inch increase in the 1-percent-annual-chance (100-year frequency) water surface elevation.  
Flooding was also prevalent on the downstream end of the creek, near the confluence of the 
Menomonee River.  Once the MCGFMF diversion structure was completed, this inundation was 
reduced.  Channel restoration (both the upstream segment completed by the MMSD and the 
proposed USACE Section 506 project segment) was predicated on the installation of the 
diversion structure since it reduced peak flows on both Underwood Creek and the Menomonee 
River.   
 
7.44  The existing concrete channel through the Underwood Creek Section 506 project area 
provides interim flood management for the 1% chance flood event without overbank flooding.  
The proposed ecosystem restoration alternatives under the Section 506 study maintain the pre 
MCGFMF -diversion flood conveyance capacity through the study reach while providing 
ecosystem benefits.    
 
7.45  Hydraulic analysis for Alternatives 2 and 3 predicts overtopping of the left (north) bank 
along the Fisher Parkway for the one-percent-annual-chance event.  More importantly, these 
increases are much lower for Alternative 3 (the proposed action) than for Alternative 2.  Any 
localized flooding for the predicted water surface elevations would be limited to Fisher Parkway 
and no structures would be impacted.  During development of project construction plans, this 
area will be evaluated in more detail to determine the need for a low berm or wall/high curb to 
help restrict localized flooding.  
 
Hydraulics and Sediment Transport 
 
7.46  The full hydraulic sediment analysis that was completed for this project is in Appendix B 
of the DPR.  For use as a guideline in sizing the bed material in the proposed restoration channel, 
a sediment competency analysis was undertaken using the channel shear stresses computed from 
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the proposed conditions HEC-RAS13 model for both restoration alternatives.  This competency 
analysis provides a preliminary estimate of the ability of the bankfull channel to move sediment 
for a given discharge and is embodied by estimating the local threshold grain size.  For the 100-
year peak discharge in Alternatives 2 and 3, a D50 range of approximately 2 to 20 inches is 
predicted to be stable in the steeper channel reach from STA 51+00 to 46+84 (within Segments 5 
and 4).  From STA 46+84 to 10+49 (approximately Segments 3 through 1b), where slopes are 
milder, the channel is less competent to mobilize bed material and the stable D50 predicted does 
not exceed 2.5 inches.  Based on these results, the modeling shows that these proposed sizes 
should be stable at most locations during the peak discharge events that resemble uniform, steady 
flow conditions. 
 
7.47  Additional sediment analysis was performed as part of the proposed Section 506 project 
using the Sediment Analysis Model (SAM).  Integrated within the SAM package is a riprap 
sizing procedure based on USACE Engineering Manual (EM) #1110-2-1601 on Riprap 
Protection.  The module was run for the same cross sections used in the channel capacity 
analysis.  In Alternatives 2 and 3, results for reaches from STA 10+48 – 45+87 (approximate 
Segments 1-3) are the same.  SAM predicts a median size of 0.4 ft and maximum size of 0.75 ft.  
For the steeper reach (STA 45+87 – 49+92, approximate Segment 4) in Alternative 3 , where the 
design slope is an order of magnitude greater, SAM predicts a median and maximum riprap size 
of 1.3 ft and 2.25 ft, respectively.  For the same reach in Alternative 2, which includes less 
floodplain grading than Alternative 3, larger riprap would be needed to meet stability 
requirements (median size of 1.8 ft and maximum size of 3.0 ft). 
 
7.48  Final rock sizing will be completed during the design phase.  In order to be conservative, it 
is likely that larger rocks will be used to comprise in-stream and bank protection structures along 
Underwood Creek.  However, these SAM results provide a minimum size to guide design. 
 
Cultural Resources 
 
7.49  Human influence and land use surrounding the project reach include a multitude of 
different uses including, residential, commercial, industrial, recreational, transportation, and 
governmental/institutional uses.  The dominant adjacent land uses are recreational-Hansen Golf 
Course, Hansen Park and Underwood Creek Parkway to the south and residential-single family 
housing to the north.  In addition, the Milwaukee County Grounds, Mayfair Mall Shopping 
Center, and the City of Wauwatosa Landfill are nearby features. 
 
7.50  Archaeological and historical investigations of the Milwaukee County Grounds including 
the proposed project reach of Underwood Creek have resulted in the documentation of seven 
archeological or historical burial sites within the vicinity of the project (HNTB, 2006 and 
references therein).  These sites include isolated finds of prehistoric materials, a small lithic 
scatter, prehistoric campsites and historic cemeteries.  The ephemeral nature of the prehistoric 
sites located on the County grounds suggests that the use of the project area by prehistoric 
peoples was neither intensive, nor long-term.  
 

                                                 
13  Hydrologic Engineering Center—River Analysis System  (U.S. Army Corps of Engineers) 
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7.51  The most intensive use of the project area dates to the historic period and is related to its 
development into the Milwaukee County Institutional Grounds.  Vestiges of the use of the 
project area as the Milwaukee County Institutional Grounds are clearly visible today and include 
several former institution buildings and two marked cemeteries.  All of the sites are outside the 
planned area of disturbance.  Historical investigations identified five extant buildings near the 
project area that have historical or architectural significance.  Four of these buildings comprise 
the Milwaukee County School of Agriculture and Domestic Economy Historic District; the fifth 
building is the former Milwaukee County Home for Dependent Children.  All buildings are 
outside the planned area of disturbance.  No other archaeological sites or cultural materials were 
identified during the archaeology survey. 
 
7.52  Underwood Creek Parkway was part of Charles B. Whitnall’s vision of a green necklace of 
parks and parkways for Milwaukee, conceived in 1906 and detailed in his 1923 master plan for 
the Milwaukee County park system (Erickson, 2004).  Based on historic and archeological 
investigations conducted at the project site (HNTB, 2006 and references therein), the proposed 
Section 506 project would not have an adverse effect on the National Register of Historic Places-
eligible Underwood Creek Parkway because the project design will be in accordance with the 
Secretary of Interior’s Standards.  The proposed project would have a positive effect upon the 
historical integrity of the Underwood Creek Parkway as the project would allow the creek to 
more closely resemble its historic appearance.   
 
7.53  The State Historical Preservation Office (SHPO) expressed concerns about the impact this 
project could have on the Underwood Creek Parkway (determined eligible for the National 
Register of Historic Places) and requested an opportunity to review the proposed plans and 
specifications accordingly (correspondence of November 7, 2011).  MMSD provided the 
Wisconsin SHPO additional project information, which supported a finding of “no historic 
properties affected” (correspondence of May 13, 2014).  The Wisconsin SHPO responded with a 
finding of “no historic properties affected” pursuant to 36 CFR 800.4(d)(1) (correspondence 
dated May 27, 2014).  The USACE submitted a letter to the Wisconsin SHPO on June 3, 2014, 
stating that based on the recent correspondences between the Wisconsin SHPO and MMSD, the 
USACE has reached a determination under 36 CFR 800.4 that there are no historic properties 
affected by the proposed Section 506 project.  In an electronic mail message of May 8, 2015, the 
compliance archeologist at the Wisconsin SHPO office noted that, “After having reviewed the 
contents of our Compliance file, and Chief Uhlarik's June 3, 2014 letter addressed to Sherman 
Banker at the Wisconsin Historical Society, I concur with the Chief's determination that no 
historic properties will be affected by the proposed Underwood Creek Aquatic Ecosystem 
Restoration Project.” 
 
Utilities 
 
7.54  Impacts to existing utilities would be avoided during the construction of the Underwood 
Creek Section 506 project.  Utilities in the vicinity of the project reach include an abandoned 
sanitary sewer and an existing 48-inch Metropolitan Interceptor Sewer (MIS) crossing.  The 
abandoned sewer is not in service and is not likely to be encountered.  If it is encountered in the 
construction it would either be demolished in place or removed with appropriate measures taken 
to ensure no leakage into the remaining abandoned pipe.  The 48-inch MIS pipeline parallels the 
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proposed channel for approximately 500 feet downstream from the Fisher Parkway 
neighborhood, and then crosses beneath the channel.  It is estimated that there would be about 4 
feet of cover over the pipeline at the bottom of the proposed channel excavation at the typical 
riffle cross section.  To this would be added granular fill for subbase/subgrade and stone for the 
naturalized channel bottom.  In order to ensure maximum cover over this pipeline, the proposed 
channel in the vicinity of the pipeline would not include any pools.  Actual utility locations 
would be clearly identified during implementation phase. 
 
Hazardous Material 
 
7.55  Issues associated with hazardous materials typically center around waste streams, 
underground storage tanks (USTs), above ground storage tanks (ASTs), and the storage, 
transport, use, and disposal of pesticides, fuels, lubricants, hazardous toxic and radioactive 
(HTRW) and other industrial substances.  When such materials are improperly used, they can 
threaten the health and well-being of wildlife species, habitats, soil and water systems, and 
humans. 
 
7.56  Several actions were conducted to address the existence of, or potential for, HTRW 
contamination on lands in and adjacent to the proposed project site, including structures and 
submerged lands, which could impact, or be impacted by project implementation.   
 
7.57  Hazardous Materials Assessments and subsurface investigations were completed for both 
the MCGFMF and Underwood Creek from 2001 to 2005 and are discussed in the State of 
Wisconsin Environmental Assessment prepared for the MCGFMF and both phases of the 
Underwood Creek Rehabilitation Project  (WDNR, 2006).  These assessments and investigations 
identified six recognized environmental concerns (RECs), which appeared to be an outcome 
from incidences occurring at off-site sources:   
 

 Oil was observed in the creek in 1992.   
 Soil and ground water contamination by chlorinated solvents. 
 In 1984, a spill was reported resulting in soil contamination. 
 In 1998, a diesel spill from a landfill into a storm sewer. 
 A storm drain released a spill into Underwood Creek. 
 Active (and one abandoned) landfills in the area. 

 
7.58  Given these RECs, the Phase I ESA report recommended conducting groundwater and soil 
sampling in the project area.  Phase II sediment sampling and analysis was conducted in March 
2005 to characterize the sediments under the concrete lined channel and along the creek bank 
(GeoTrans, Inc., and Norris & Associates, Inc., 2005).  The following criteria were used to 
evaluate the sediments: 
 

 Soil Cleanup Standards Wisconsin NR720 
 Soil Cleanup Levels for Polycyclic Aromatic Hydrocarbons (PAHs) Interim 

Guidance, April 1997, Publication RR-519-97, Wisconsin Department of Natural 
Resources 

 Resource Conservation and Recovery Act (RCRA) of 1976, 40 Code Federal 
Regulation 261.24 
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7.59  As part of the Phase II sediment investigation, fifteen soil sample locations were identified 
within a 6,600 foot reach of Underwood Creek.  Twelve soil borings (SB) were taken within the 
concrete lined channel and three borings within the creek’s banks within 40-feet of the concrete 
edge.  Seven of the sampling locations (SB-2 to SB-8) are within the proposed USACE Section 
506 project reach and seven sampling locations (SB-9 to SB-15) are within MMSD’s Phase 1 
project reach.  One sample (SB-1) is located downstream of the Section 506 project reach.  
Approximate sampling locations are included in Figure 20.  The river was not sampled in the 
location between SB-2 and SB-3 as the equipment could not safely access this river segment. 
 

 
  Figure 20. Underwood Creek Environmental Sampling Location Map  
 
 
7.60  A four to six inch diameter diamond drill bit was used to bore holes through the concrete 
for sediment sampling access.  Samples were collected in each bore hole to project depth.  The 
first 5 feet of collected sediment was composited as over burden material.  The five to six foot 
depth of collected sediment was composited to represent what sediment characteristics the new 
river bed would be comprised of upon project completion.  The concrete lining generally 
measured 7-inches thick and was underlain with 6-inches to 12 inches of sand and gravel fill. 
The native soils generally consisted of clay, silt, and silty sands.  The creek bank material 
contained a topsoil surface layer underlain by clay, silt, sand and gravel.   
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7.61  The collected soil samples were analyzed for organic and non-organic compounds.  
Organic compounds included Volatile Organic Compounds (VOCs), Diesel Range Organics 
(DRO), Gasoline Range Organics (GRO), and Poly-Aromatic Hydrocarbons (PAHs).  The non-
organic compounds included eight RCRA metals (arsenic, barium, cadmium, chromium, lead, 
mercury, selenium, and silver).   
 
7.62  Analytical testing results indicated the presences of VOCs.  Chloroform was detected at 
three locations outside the project reach (SB-1, SB-10, and SB-11) and trichloroethene was 
detected at two locations (SB-6 and SB-8).  The VOC concentrations were compared to the 
regulatory limits identified in the RCRA toxicity characteristic tables to determine if there is a 
potential for the VOC contaminants to leach above regulatory levels.  Since the chloroform and 
trichloroethene concentration values were 20x the regulatory limits, there is a potential that the 
sediment in this project reach may leach above hazardous waste levels.  The levels for these 
VOC compounds are also above the residual contaminant levels (RCL) for the protection of 
groundwater. 
 
7.63  In seven borings (SB-7 and SB-9 to SB-14), PAHs had a detectable limit above the generic 
residual contaminant levels (RCL) non-industrial direct contact, yet none of the PAHs were 
reported at concentrations in excess of the RCL for industrial sites.  The levels of metals detected 
were low or not detected.  However, arsenic concentrations in the soil samples had results with 
elevated detection limits in the March 2005 sampling.  
 
7.64  Recent review of the 2005 soil boring data by the Wisconsin Department of Natural 
Resources indicates that soil borings 2, 3, 4, and 5 qualify for low hazard exemption and would 
not require special handling (March 2015).  The remaining borings had contaminated levels that 
were higher and warranted additional sampling and further evaluation to determine if they meet a 
low hazard exemption.  Additional sediment sampling and analysis would be conducted 
(including the area between SB-2 and SB-3) during the project implementation phase to confirm 
this determination and to provide the suitable disposal location.   
 
7.65  Since the 2005 Phase II analysis is over ten years old, the USACE HTRW Design Center 
recommended that a Phase I Environmental Site Assessment (ESA) be completed.  In November 
of 2014, a new Phase 1 ESA was conducted on the proposed USACE Section 506 project of 
Underwood Creek (K. Singh & Associates, Inc., 2014).  This ESA documented three recognized 
environmental concerns (RECs) associated with the proposed project area.  The RECs included:  
 

a. Detected concentrations of contaminants from previous sampling and analysis of soils 
in the project area:  The expectation is that these detected contaminants from previous 
sampling are at levels that would be classified as low hazard exemption (see discussion in 
paragraph 7.64, above). 
 
b. An active Leaking Underground Storage Tank (LUST) site located within a half mile 
of the project site: The LUST site includes a petroleum plume in fractured bedrock.  The 
project does not involve work near bedrock and is not expected to impact bedrock 
hydrogeology; therefore, impacts from this REC are expected to be limited.   
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c. Mainline railroad track which abuts the project area:  This area will not be directly 
impacted by the project, so potential contaminant impacts are expected to be minimal and 
limited to low level contamination that would be handled as low hazard exemption 
material (see discussion in paragraph 7.64, above). 
 

7.66  The proposed Section 506 project site requires removal of concrete panels (23,200 square 
yards, 5,100 cubic yards (cy)) and the excavation of approximately 40,000 cy of underlying 
soil/fill material.14  The Underwood Creek concrete liner was constructed at a time when 
concrete panel joint compounds may have contained asbestos.  The MMSD has indicated that no 
asbestos has been found in the joint compound at other concrete removal projects in the 
Milwaukee area, so it is expected the joint compound at Underwood Creek would be free of 
asbestos.  However, if asbestos is found to be present, then the joint compound will be removed 
and disposed of consistent with state and Federal requirements. 
 
7.67  Based on WDNR and USACE reviews of the 2005 Phase II soil analysis, it is estimated 
that approximately 1500 cy of the excavated material may be regulated material15 with select 
contaminants at levels that limit placement options to facilities such as a Type II landfill.  The 
remaining material (approximately 39,000 cy) is not expected to require special handling. 
 
7.68  While it is anticipated that the risk of discovering and/or releasing HTRW material during 
project implementation appears to be low based on the Phase I and Phase II studies done to date, 
soil collection and analysis will be conducted during the project implementation phase for the 
presence of regulated materials.  If the soil analysis reveals that the soils under the concrete 
panels contain contaminants at regulated levels, the disposal of the regulated materials will be 
conducted in accordance with applicable Federal, State, and local laws and USACE polices.  The 
non-Federal project sponsor (MMSD) will pay 100% of the costs associated with the removal 
and disposal of any HTRW regulated materials encountered during construction activities.  Any 
regulated material will go to a licensed Type II facility, most likely the Advanced Disposal 
Emerald Park landfill located at W124S 10629 S. 124th Street 587, Muskego, Wisconsin. 
 
7.69  Most of the material to be excavated (current estimate of approximately 39,000 cubic 
yards) will be disposed of in accordance with applicable Federal, State, and local laws and 
USACE polices under low-hazard exemption (LHE) from the State.  The LHE material can be 
placed in locations that do not impact wetlands, surface water, ground water, or listed species.  
MMSD has identified a proposed disposal site for the LHE material, the Lakefield Sand and 
Gravel Facility16, located at 7003 W. Good Hope Road, Milwaukee, Wisconsin.  The Lakefield 
site is compliant with all Federal, State and Local permit requirements to accept low hazard 
exempted  material.   
 
7.70  During the project implementation phase, a sediment management plan would be 
developed to determine proper management actions in compliance with Federal, State, local 
regulations and in accordance with USACE policy.  The sediment management plan may 
identify the need for additional soil testing within the proposed project reach so as to 

                                                 
14 Some of the excavated material, if suitable, may be used in the construction of the proposed project. 
15  “Regulated Materials” are soil or sediments that contain contaminants above regulatory threshold levels. 
16 Operating under WPDES General Permit WI-S067831-4 
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appropriately evaluate for the presence of contaminants.  In addition, the plan may identify 
appropriate precautions for material handling during excavation and transport to ensure there are 
no releases of impacted sediments into the environment.  Sediment sampling and analysis shall 
be conducted as required by the regulatory agencies, and in accordance with USACE policy, to 
implement the developed sediment management approach.   
  
Air Quality  
 
7.71  A range of construction equipment would be used when implementing the proposed 
Section 506 restoration project.  Air emissions from equipment would be required to comply 
with federal and state performance standards.  Dust from excavation and equipment movement 
would be minimized by using various dust-control techniques such as periodic wetting of 
disturbed areas and stockpiles.  These emissions would only occur during construction.  All air 
impacts are short-term and temporary, occurring during project construction.  Thus, the project 
would be exempted as de minimis (Latin for 'of minimal importance') and meets the Conformity 
Requirements under Section 176(c) of the Clean Air Act, as amended and 40 C.F.R. 93.153. 
 
Coastal Zone Management 
 
7.72  The proposed project is within the coastal zone as defined in the Wisconsin Coastal 
Program, which consists of the 15 counties bordering on the Great Lakes.  Project 
implementation would have no adverse effects on the waters of Lake Michigan because the 
project consists of restoration of former habitat and will have beneficial water quality effects.   
Project implementation would cause minimal temporary turbidity from construction activities 
due to low flow diversion techniques that would minimize disturbances of the river bottom.  
Placement of the gravel and rock on filter fabric minimizes resuspension of sediments when the 
flows are restored to the river.  The turbidity effects would dissipate over time and distance from 
the work area and would not have significant long-term effects. 
 
7.73  The contractor will be required to develop a materials management plan, construct low 
flow diversion and sediment barriers for the active construction area, and limit the total length of 
active construction area that is covered and secured at the end of each day in case of high flows.  
No significant adverse water quality effects are expected.  Stone will be placed in the river 
channel that is clean and obtained from commercial sources.  Sedimentation control measures or 
silt fencing will be included around disturbed upland areas to prevent soil runoff into the river.  
The low river flows will be diverted by means of a plastic pipe to allow for work in the dry or in 
still water areas to minimize erosion and the movement of suspended sediments.  The contractor 
will locate his equipment staging area in environmentally non-sensitive areas.  Therefore, since 
the project would have no adverse effect on the coastal zone, it would be “consistent to the 
maximum extent practicable” (as defined in 16 U.S.C. 1456, Coastal Zone Management Act) 
with the Wisconsin Coastal Management Program. 
 
Temporary Construction Effects  
 
7.74  The Underwood Creek Section 506 project would result in temporary, construction-related 
effects, which would be minimized by using best management practices.  
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7.75  Construction, associated with this Section 506 project, would primarily occur during the 
mid-summer, fall and early winter when flows tend to be lowest (July to December).  The 
duration of construction would be limited by flows in Underwood Creek and by any permit 
constraints.  The duration of construction would also depend on the rate of progress of the 
construction contractor.  However, it is expected that the proposed plan would be implemented 
during one construction season. 
 
7.76  Construction would produce noise, dust, and other particulate matter, plus vehicle 
emissions.  These would be short-term and non-recurring.  Dust control, groundwater dewatering 
discharge, and noise issues resulting from construction would be addressed in the construction 
specifications and would meet state and local requirements.   
 
7.77  Construction activities in the project area would expose land to erosion and may result in 
fine silts and clays being transported downstream.  The magnitude and duration of soil erosion 
and sediment that is transported downstream during construction whould be managed 
appropriately.  Applicable standards would be followed for soil and erosion control at the 
construction site, and the construction contractor would be required to abide by applicable 
stormwater and erosion control permit requirements.  Also, appropriate sediment and erosion 
controls will be incorporated into the project design to prevent mobilization of sediments during 
their removal and disposal, including installation of runoff controls to prevent sedimentation.   
 
7.78  The movement of material downstream may be managed by incorporating Best 
Management practices (BMPs) during construction activities that would follow State of 
Wisconsin Department of Natural Resources technical standards for erosion control and to 
reduce impacts during and immediately following construction activities.  BMPs typically 
implemented may include: silt fencing at boundaries of ground disturbances, staging and access 
located to minimize potential for sediment contribution, removal of concrete to a limited 
maximum distance to minimize the length of stream reach susceptible to flood damage, and 
installation of erosion control fabric over completed or exposed soil surfaces.    
 
7.79  During implementation, water quality based expectations related to turbidity from soil 
erosion and sedimentation levels shall be developed with the regulatory agencies and in 
accordance with USACE policy.  The purpose of the plan is to limit erosion and sedimentation 
within the limits of construction using adequate and efficient control measures.  The approach to 
managing the short and long term impacts of mobilized material will reflect a level of control 
commensurate with the environmental risk they pose during transport and resettlement in the 
creek.  
 
Noise 
 
7.80  A range of noise-generating construction equipment would be used in implementing the 
proposed Section 506 project.  Noise would be managed by compliance with terms outlined on 
construction permits.  The noise would only occur during construction.  However, the site is 
located adjacent to the CPR railway and U.S. Highway 45, so loud noises at various times of the 
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day are a common occurrence in the project area.  Noise from construction would be limited to 
one construction season and only during typical work hours.  
 
Transportation and Traffic 
 
7.81  Operators of trucks and construction equipment used during the proposed project are 
required to obey all applicable Federal, State of Wisconsin, and local driving laws, construction 
ordinances, and city-imposed hauling/unloading time restrictions, and are required to obtain the 
appropriate permit(s).  Overall, the project area vicinity is highly urbanized with high capacity 
surface roads and highways nearby with the capacity to handle the additional truck traffic.  
Therefore, trucking would not be expected to significantly interfere with local traffic, residential 
areas, school zones, school buses, or emergency vehicles.  Movement of the excavated material 
to the reclamation site will be along established routes that handle truck traffic.   
 
Aesthetics  
 
7.82  The restoration would directly impact the Creek’s physical appearance.  The existing view 
of Underwood Creek from the stream banks and nearby road crossings is a highly engineered, 
concrete-lined channel with several drop structures.  The proposed alternatives would restore the 
creek to a more natural appearance, with more vegetation and less concrete. 
 
7.83  Construction of the Section 506 restoration project would cause temporary aesthetic 
impairment.  Activities involve clearing of trees and vegetation, earth-moving, stock-piling, and 
other construction activities.  Additionally, the construction equipment and vehicles would be 
visible outside the project area during ingress and egress.  The site would appear as a large scale, 
earth-moving, construction project for the duration of construction.  Construction activities 
would create the potential to generate dust that would be visible around the site.  Dust is required 
to be controlled during construction to minimize its effect. 
 
Socioeconomics 
 
7.84  The proposed project  site is located in  the City of Wauwatosa, a  western suburb of 
Milwaukee, Wisconsin.  According to the 2010 Census, the city has an estimated population of 
46,400 people living in approximately 20,400 households.  The average Wauwatosa household is 
smaller than the average county or state household (2.23 vs. 2.41 and 2.43, respectively).     
    
7.85  Compared to the state and county, the level of educational attainment for the City of 
Wauwatosa is higher with most residents having received at least a high school diploma (95 
percent vs. 89 percent and 87 percent, respectively).  In addition, nearly twice as many 
Wauwatosa residents have obtained a bachelor’s degree compared to the rest of the county and 
state (51 percent vs. 27 percent and 26 percent, respectively).  Consequently, the median 
household income for the city is higher than the median household income reported for the 
county and state ($64,574 vs. $43,397 and $51,598, respectively).  Also, the higher levels of 
income result in fewer Wauwatosa residents living below the poverty line.  In contrast, the 
poverty levels for the county are nearly five times higher than for the city.  In summary, the 
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higher levels of affluence and lower levels of poverty in the City of Wauwatosa do not present 
any social justice issues related to the project.   
 
7.86  Restoring Underwood Creek would have a positive impact upon the socioeconomic 
resources of the areas as its restoration is expected to result in improved aquatic resources, as 
well as, increase interest in the river and its natural amenities.  Non-consumptive environmental, 
educational, and recreational uses along Underwood Creek are likewise likely to increase with 
the recommended plan.  In addition sport fishing opportunities will increase with the aquatic 
ecosystem restoration of Underwood Creek, especially with the completion of the USACE 
Section 206 construction project on the Menomonee River.  Other significant socioeconomic 
resources such as population, transportation, housing, employment, and public services are not 
expected to be affected by the proposed project.  Although short-term impacts would be shared 
by users of the area, no disproportionately high and adverse impacts would be experienced by the 
minority and low income populations of Wauwatosa, Wisconsin. 
 
7.87  Based on the socioeconomic research gathered for the project site (HNTB, 2006 and 
references therein), implementing the proposed Section 506 project would not have an adverse 
effect on the social and economic characteristics of the Fisher Parkway neighborhood in the 
vicinity of the project reach.  The proposed project would have a positive effect on both property 
values and quality of life as the project would allow the creek to return to a more natural and 
accessible state. 
 
Cumulative Effects 
 
7.88  The proposed Underwood Creek ecosystem restoration project would not result in 
substantial adverse cumulative environmental impacts.  Past watershed development in the 
Wauwatosa, Wisconsin area (which included creating impervious surfaces, infrastructure, and 
stormwater conveyance systems), and elimination of forested and vegetated riparian areas 
resulted in impacts to the hydrologic conditions of the stream channel.  Stream realignment, 
channelization and concrete lining in the 1960s and 1970s further impacted stream habitat, fish 
passage, and water quality.   
 
7.89  Implementing the proposed Section 506 project will assist MMSD in the goal of reclaiming 
historic fish access from Lake Michigan and the Milwaukee Estuary to small tributaries like 
Underwood Creek and would open approximately 1.25 miles of Underwood Creek stream 
channel to fish passage once connected to MMSD’s completed upstream restoration.  Concurrent 
projects on the Menomonee River are restoring fish passage from Lake Michigan.  The MMSD’s 
proposed future upstream restoration projects on Underwood Creek will also eventually provide 
additional access in the upper watershed, which contains over 400 acres of high quality emergent 
floodplain wetlands.   
 
7.90   Implementing the proposed Section 506 project would improve local fish populations, 
which in turn would indirectly address fish habitat and population Beneficial Use Impairments of 
the Milwaukee Estuary Area of Concern.  The variable substrate and morphology in the restored 
channel would provide spawning habitat and resting areas for fish, while supporting the 
development of a more diverse macro-invertebrate community.  Upstream passage of resident 
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stream fish and potamodromous species would be promoted through the removal of all existing 
drop structures and would be further enhanced through the addition of a low flow channel and 
random cover boulders in the riffle sections.    
 

7.91  The City of Waukesha and Waukesha Water Utility, located approximately 10 miles west-
southwest of the project site, is considering use of Lake Michigan as a drinking water source, 
which under State regulations would require the City to return treated wastewater effluent back 
to the Lake Michigan drainage basin.  A possible location for such return discharge is 
Underwood Creek about 1.8 miles upstream of the Section 506 project location.  Such project, if 
approved, is unlikely to be constructed in the next 10 years, and the MMSD, which has discharge 
jurisdiction, would require that the City of Waukesha do all of the modeling and associated 
mitigation required to ensure there is a zero impact to any projects including the Underwood 
Creek Section 506 project.  The potential flow increase that could occur under the added input of 
the Waukesha wastewater effluent proposal has been included in the fish passage evaluation for 
the proposed Section 506 project and did not adversely affect fish passage.  The discharge would 
not change flood elevations and bed material was sized according to flows greater than would 
occur with the added flow from Waukesha.  As such, no adverse cumulative impacts on the 
proposed Section 506 project or flood management in the Section 506 project reach are expected 
if the City of Waukesha drinking water project were to be constructed. 
 
7.92  This project and similar projects on other tributaries of the Milwaukee River are designed 
to restore riverine habitat, provide improved habitats for benthos and fish and remove BUI’s as 
listed in the Milwaukee River Area of Concern  The restoration of tributary rivers with natural 
channel design using riffles and pools will benefit the aquatic ecosystem without causing adverse 
effects to the environment.  This project, in conjunction with other projects proposed for the 
Kinnickinnic River, Underwood Creek and the harbor estuary are designed for habitat 
improvements to beneficially affect the environment.  The measures presented in this proposed 
Section 506 aquatic ecosystem restoration project study would have beneficial long-term impacts 
within Underwood Creek, the surrounding community, the Milwaukee River Basin, and Lake 
Michigan. 
 
8.0 STATE AND FEDERAL AGENCY COORDINATION 
 
8.1  The USACE, Detroit District, coordinated the Section 506 ecosystem restoration project 
proposal for Underwood Creek in October 2011 with U.S. Fish and Wildlife Service (USFWS), 
the Wisconsin Department of Natural Resources (WDNR), the State Historic Preservation Office 
(SHPO), the U.S. Environmental Protection Agency (USEPA), the Federal Consistency 
Coordinator of the Wisconsin Coastal Program Office, and several Native American Indian 
Tribes and Interests.  Comments from this coordination effort are included in Attachment B and 
discussed below. 
 
U.S. Fish and Wildlife Service    
 
8.2   The USFWS Green Bay Ecological Services Field Office (Correspondence of November 
22, 2011) provided comments pursuant to the Endangered Species Act of 1973, the Fish and 
Wildlife Coordination Act, and the Migratory Bird Treaty Act, noting that because of the project 
location “no federally-listed, proposed, or candidate species, or designated critical habitat occurs 
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within the project area.”  However, since 2011 two species have been listed that occur in 
Milwaukee County.  Federal determinations on these two species are included in Paragraph 7.23 
of this EA, and have been sent to the USFWS pursuant to Section 7 of the Endangered Species 
Act. 
 
8.3  The USFWS Marquette, Michigan, Field Office (correspondence of June 7, 2010) offered 
comments specific to the Great Lakes Sea Lamprey Program, noting that “The Milwaukee River 
System [including Underwood Creek and the Menomonee River among others] has no record of 
sea lamprey infestation and the concrete channels and drop structures in these tributaries are not 
considered to be effective at blocking sea lamprey migration.”   
 
Wisconsin Department of Natural Resources 
 
8.4  The WDNR recommend that Alternative 1 (No Action) not be selected as it would eliminate 
the potential for an additional 1.25 miles of stream corridor available for fish passage and the 
creation of 2 acres of riparian wetland corridor.  The WDNR offered to provide data on the 
MMSD's completed restoration project.  The data and information has already been obtained 
through MMSD and through conversations with WDNR staff and used to support the predictions 
of this report for performance of the proposed ecosystem restoration.  The MMSD will apply to 
the WDNR for a Wisconsin Chapter 30 permit for the proposed Section 506 project. 
 
State Historic Preservation Office 
 
8.5  The State Historical Preservation Office (SHPO) expressed concerns about the impact this 
project could have on the Underwood Creek Parkway (determined eligible for the National 
Register of Historic Places) and requested an opportunity to review the proposed plans and 
specifications accordingly (correspondence dated November 7, 2011).  MMSD provided the 
Wisconsin SHPO additional project information, which supported a finding of “no historic 
properties affected” (correspondence dated May 13, 2014).  The Wisconsin SHPO responded 
with a finding of “no historic properties affected” pursuant to 36 CFR 800.4(d)(1) 
(correspondence dated May 27, 2014).  The USACE submitted a letter to the Wisconsin SHPO 
on June 3, 2014, stating that based on the recent correspondences between the Wisconsin SHPO 
and MMSD, the USACE has reached a determination under 36 CFR 800.4 that there are no 
historic properties affected by the proposed Section 506 project.  In an electronic mail message 
of May 8, 2015, the compliance archeologist at the Wisconsin SHPO office noted that, “After 
having reviewed the contents of our Compliance file, and Chief Uhlarik's June 3, 2014 letter 
addressed to Sherman Banker at the Wisconsin Historical Society, I concur with the Chief's 
determination that no historic properties will be affected by the proposed Underwood Creek 
Aquatic Ecosystem Restoration Project.”   
 
Native American Tribes and Interests 
 
8.6  The Stockbridge-Munsee Tribal Historic Preservation Office (correspondence of November 
3, 2011) responded that the project is not within a county the Mohican Tribe has interest in. No 
comments were received from the other tribes or tribal interests contacted.  A copy of this EA 
will be provided to the Tribes for their review. 
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9.0 MAJOR FINDINGS AND CONCLUSIONS 
 
9.1  Environmental review of the proposed action has indicated that no significant cumulative or 
long-term adverse environmental impacts would be expected as a result of implementing the  
proposed Section 506 project. The proposed project would provide spawning habitat and resting 
areas for fish through improved aquatic and riparian habitat, and fish passage from the 
Menomonee River and Lake Michigan into the lower 1.25 miles of Underwood Creek.  The 
project would also contribute to future connectivity into the upper reaches of Underwood Creek 
as MMSD  plans to remove concrete barriers to fish passage into the upstream reaches of 
Underwood Creek. 
 
9.2  The proposed ecosystem restoration project has been reviewed pursuant to the following 
Acts and Executive Orders: Fish and Wildlife Act of 1956; Fish and Wildlife Coordination Act 
of 1958; National Historic Preservation Act of 1966; National Environmental Policy Act of 
1969; Clean Air Act of 1970; Executive Order 11593, Protection and Enhancement of the 
Cultural Environment, May 1971; Coastal Zone Management Act of 1972; Endangered Species 
Act of 1973; Clean Water Act of 1977; Executive Order 11988, Flood Plain Management, May 
1977; and Executive Order 11990, Wetland Protection, May 1977.  The proposed project has 
been found to be in compliance with these acts and executive orders. 
 
9.3  This Environmental Assessment has been prepared in accordance with the National 
Environmental Policy Act (NEPA); the Council on Environmental Quality, Regulations for 
Implementing the Procedural Provisions of the National Environmental Policy Act (40 CFR 
Parts 1500-1508); and the Corps of Engineers, Policy and Procedure for Implementing NEPA 
(33 CFR Part 230). 
 
9.4  This Environmental Assessment concludes that 1) there are no significant cumulative or 
long-term adverse environmental impacts associated with implementing the proposed ecosystem 
restoration project; 2) the benefits of the proposed action outweigh the minor, temporary impacts 
that may result from project implementation; and 3) the project does not constitute a major 
Federal action significantly affecting the quality of the human environment. 
 
9.5    Evaluation and public review of this USACE Section 506 Underwood Creek ecosystem 
restoration action, pursuant to the Clean Water Act Section 404(b)(1) guidelines, was completed 
by the St. Paul District Regulatory office (Permit # 2006-RMB-10) as part of the MMSD’s 
MCGFMF project, which included the restoration reaches along Underwood Creek.  Therefore 
no separate Section 404(b)(1) Evaluation was prepared for this Section 506 project. 
MMSD will apply to the WDNR for a Wisconsin Chapter 30 permit for the proposed Section 
506 project.  Issuance of the Chapter 30 permit would be certification that the proposed Section 
506 project is in compliance with Section 401 of the CWA. 
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10.0 PUBLIC REVIEW 
 
10.1  This Environmental Assessment is being made available to the public for a 30-day review 
period.  Following this period and a review of the comments received, a final determination will 
be made by the USACE District Engineer regarding the necessity of preparing an Environmental 
Impact Statement (EIS).  
 
10.2  Based on the conclusions of this Environmental Assessment, it appears that preparation of 
an EIS will not be required.  Therefore, a Preliminary Finding of No Significant Impact (FONSI) 
is included with this Environmental Assessment in Attachment A.  If the District Engineer 
determines that an EIS is not necessary, the Preliminary FONSI would be finalized and the 
proposed ecosystem restoration project implemented. 
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ATTACHMENT A 
 
 

PRELIMINARY FINDING OF NO SIGNIFICANT IMPACT 
 

UNDERWOOD CREEK 
GREAT LAKES FISHERY AND ECOSYSTEM RESTORATION PROJECT 

CITY OF WAUWATOSA, WISCONSIN 
 
      In accordance with the National Environmental Policy Act of 1969, the Detroit District, U.S. 
Army Corps of Engineers (USACE), prepared an Environmental Assessment (EA) for the 
purpose of conducting a comprehensive evaluation of the existing conditions and environmental 
consequences of restoration of the Underwood Creek located in the Wauwatosa, Milwaukee 
County, Wisconsin.  The project begins at the confluence with the Menomonee River and 
extends upstream for approximately 4,400 lineal feet (LF) to 100 feet upstream of the Canadian 
Pacific Railroad.  The proposed project includes the removal of concrete within the bottom of the 
main channel, removal of drop structures, and the construction of a continuous boulder and 
stone-lined main channel resulting in the creation of a more natural stream channel and opening 
1.25 miles of stream channel to fish passage.  This study is being conducted under the authority 
of Section 506 of the Water Resources and Development Act (WRDA) of 2000, (P.L. 106-541).   
 
      Project Alternatives considered under this study include: 1) No Federal Action; 2) 
Naturalized Channel with Floodplain Improvements Upstream; and 3) Expanded Floodplain 
Upstream with Tiered Walls Downstream.  Alternative 3 is the selected alternative.  
 
      Evaluation and public review of this USACE Section 506 Underwood Creek ecosystem 
restoration action, pursuant to the Clean Water Act Section 404(b)(1) guidelines, was completed 
by the St. Paul District Regulatory office (Permit # 2006-RMB-10) as part of the MMSD’s 
MCGFMF project, which included the restoration reaches along Underwood Creek.  Therefore 
no separate Section 404(b)(1) Evaluation was prepared for this Section 506 project.  A Section 
401 Water Quality Certification, pursuant to the Clean Water Act, would be obtained via the 
State of Wisconsin Chapter 30 permit process.   
 
      This EA has been prepared in accordance with the National Environmental Policy Act of 
1969 (NEPA), Section 102(2)(C); the CEQ, “Regulations for Implementing the Procedural 
Provisions of NEPA”; 40 Code of Federal Register (CFR) Parts 1500 through 1508; and the 
USACE, Policy and Procedure for Implementing NEPA (33 CFR Part 230).  The proposed 
project complies with Federal Executive Order 11988 on Floodplain Management as it would not 
encourage floodplain development.  The proposed project would be “consistent to the maximum 
extent practicable” (as defined in 16 USC 1456, Coastal Zone Management Act, approved 1978) 
with the Wisconsin Coastal Management Program as it would have no effect on the coastal zone 
or waterways discharging into Lake Michigan.  
 
      Based on the findings of the EA, implementation of the selected project alternative would not 
result in significant short term, long term or cumulative adverse environmental impacts.  Adverse 
effects will be minor, limited primarily to short term noise, air emissions and turbidity from 
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construction activities; disturbance of low quality vegetation; and temporary displacement of fish 
and other wildlife.  The proposed project will provide a long term, environmentally sound 
solution for aquatic habitat restoration by providing connectivity for spawning habitat.   
 
      Review of the proposed project and the comments received during public review of the EA 
indicates that the project does not constitute a major federal action significantly affecting the 
quality of the human environment; therefore, an Environmental Impact Statement will not be 
prepared.  

 
 
 

__________________        __________________________  
 DATE        Michael L. Sellers  
        Lieutenant Colonel, U.S. Army 
        District Engineer  
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State of Wisconsin 
DEPARTMENT OF HATURAl RESOl.!fRCES 
23Qt N. Or. Lfettin Lullier King. Jr. Olfvt 
M!tw11111-cwWI "!12-·3128 

Oecen\her 2, 2011 

"1r. A. l!hlarik, ChiefEn1,ironmcntal Anal)'}lis Br'J.nch 
U.S. AnnyC,,)rps of Engineers, Detroit District 
477 li.4fobigan Avenue 
Dctm;t, Ml 4R226-2550-

OC€.r M1. Uhlarik: 

'l1\.1nk ynu for the t'!Jlj')<:rttunity oo <1n y()Uf of the ribn J\\nne 
tJndcr, .. ·ood Cn:ck in the City of\Vauwatosa u.nder Sec-lion 206 oft.t.e \Valer and De•,.clapmml Act 11f 

l 996. Thi:i h a sccund phase or tile ?<.-fetropllli!ar. Sey,crugc Dis1.ric1'ii (t\illviSD> Mil...,tttukee Cooruy 
Grounds Project which is for the temovaJ of appro:<.im:uel;• 4,400 lil:ear ti!ec of cha.unel that extends from 
theconflut'11cc wilh the 1Vf i:nomonee Riv::r tu appn•ximalcly 100 fett. upslmtm of the Canadian Pacific Railroad 
Bridge. 

The Ocpanmcn: ofNau.aal Re;ouroc:s (Dq11mment) has y,orkt:d clmel>' with ti.tt\-tSO cm the Milwaukee Counl}' 
(.iroor.<IE. permitting and iinplcrncnU!titnt. The origil:wl pcm.tit proccS9 required o:i En"lr-OlUltmtal ,\roJysi:t (E1\) 
t., be comrlelcd; 1bat. permit b.1;1, rocr:ndy expired lhio yc:ar. so the l:'(,!(;Olld mi.uire u new perw.it 

The Department hlL'I reviewed the a!lc:ma.li\•c; e\'alualcd by the restoration plan and \\•ould recommend that 
.41lc:rnativt I is net chosc:t as this 1voold elitni.Jlate the potential for an ad:1i1tonaJ 1.3 1n.iles of strerun c«ri:lor to 
be Qf1C:11cd up to fii>h and the creation of2 acres of ri?Jirian wetland corridor. The Dqiartmeal ''"111 l::e 
more :han willing to shrlrt an.ydi)tfJ '"'t have cortCt:rninQ the project t11il ioJCnttation g<)tl<trctl during_ phase t 
cf tile project to help \\'itb your cvahlar,ion process. 

Tlwnk you ognin fur irr.•o:ving us i.o tbc p1cnl1ing p-roocs.!1. Y.,'c nrc interested in <ontinuing to \\',)fk witb :you as 
plans f<.1r pl.a.se 2 uf lhe Co.1n:.y Grot.1nds rroj«t. 

Erk Nilscllke. 
Regional Dirtccor 

Cc: 

<;ln1.w.gov 
·NiiCOOS.!n.gO\' Naturally WISCONSIN 
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