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1.0 EXECUTIVE SUMMARY 
 
This report was prepared as part of an initiative by the U.S. Army Corps of Engineers (USACE) 
to evaluate the feasibility of ecosystem restoration of approximately 2,400 lineal feet (LF) of the 
Menomonee River in the City of Milwaukee, Milwaukee County, Wisconsin.  The USACE is 
partnering with the Milwaukee Metropolitan Sewerage District (MMSD) for this project. This 
study is conducted under the authority of Section 206 of the Water Resources Development Act 
of 1996, (Public Law 104-303) as amended, Title 33 of the U.S. Code Section 2330 and the 
report was prepared according to guidelines specified in the USACE’s Engineering Regulation 
1105-2-100.  
 
Since 1999, MMSD has removed drop structures, a low head dam, and concrete paved segments 
that restricted upstream fish passage.  Immediately upstream of the proposed Menomonee CAP 
Section 206 project is a concrete segment containing a drop structure.  The removal of this 
upstream concrete segment and drop structure will be completed in 2014. The Menomonee CAP 
Section 206 project (Figure 1) is 2,400 LF and would remove the last obstacle to upstream fish 
passage.     
 
The Milwaukee Metropolitan Sewerage District (MMSD) constructed the Milwaukee County 
Grounds Floodwater Management Facility (MCGFMF), specifically to manage flood events by 
lowering flood stages to allow for the construction of multiple restoration projects, including the 
project herein evaluated. Information regarding the construction of the MCGFMF and other 
related projects are found in the Graef report referenced in section 3.2.  Thus, the increase in 
flood water surface elevation from this project, and other completed projects, was mitigated as 
part of a larger plan.  
 
The proposed project involves the removal of 8-inch thick concrete channel lining from 
approximately 2,400 lineal feet of the Menomonee River located in Milwaukee, Wisconsin to 
create a more natural channel to improve aquatic habitat.  The project extends from just 
downstream of Wisconsin Avenue to just downstream of the I-94 bridge crossing or River Mile 
4.03 to 3.55 (See Figure 3).    The upstream limit corresponds to the downstream limit of 
MMSD’s drop structure and concrete lining removal project that is scheduled to be completed in 
2014.  The downstream limit of the project corresponds to the end of the concrete channel lining. 
This project segment is critical to complete the connection between restored sections of the 
Menomonee River. 
 
The selection of the preferred alternative involved the utilization of both environmental and 
economic data and cost-effectiveness (CE) and incremental cost analyses (ICA).  The preferred 
alternative recommends the removal of the concrete channel lining and placement of stone with 
riffles and pools.  This restoration would provide connectivity between previously restored 
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sections of the Menomonee River allowing full use, by the fishery, of the upstream spawning 
habitat.  
 
The 100 year water surface elevations for Alternatives 1 and 2 exceed the existing conditions 
water surface elevation (Alternative 3) in several areas, but are lower than or equal to the 
effective FEMA 100-yr floodplain elevations since the stormwater detention facility built by 
MMSD [known as the Milwaukee County Grounds Floodwater Management Facility 
(MCGFMF)] was specifically developed to lower discharge elevations in order to proceed with 
river restoration projects.  The MMSD has submitted a regional CLOMR (Conditional Letter of 
Map Revision) and LOMR (Letter of Map Revision) to FEMA (Federal Emergency Management 
Agency) for the existing condition which was incorporated into the modeling used in this 
analysis.  The only measurable increase in inundation area is on the Miller-Coors property 
located adjacent to our project area, directly west of the river.  The difference between existing 
and proposed conditions measures approximately a third of an acre as circled in blue in Figure 7 
of this report.  Miller-Coors and the local sponsor, MMSD, are aware of the increase.  On the 
south end of this parking lot, both Alternative 1 and 2 exceed the existing conditions water 
surface elevation during a 100 year event with no impact for the 50 year or lesser events. 
 
This alternative is supported by the Milwaukee Metropolitan Sewerage District, the non-Federal 
partner. The proposed plan meets the desired goal of ecosystem restoration. 
 
The comparison of alternatives resulted in a selected plan involving the removal of the concrete 
channel lining and replacement with a rock lining with riffles and pools.  Table 1 presents a 
summary of the final costs for the selected plan. 
 

Table 1(ES) – Final Cost Apportionment 

2014 dollars, FY14 Interest Rate 

Remove Concrete w/Riffle/Pool Construction 

Category Federal Non-Federal Total Cost 

 Feasibility Study $187,500 $87,500 $275,000 

Planning, Engineering and Design $211,250 $113,750 $325,000

Construction Cost $3,534,700 $1,903,300 $5,438,000

Construction Management $41,600 $22,400 $64,000

LERRDs1 $89,700 $48,300 $138,000

Subtotal $3,877,250 $2,087,750 $5,827,000

Total First Costs $6,240,000

Operation and Maintenance $10,000 $10,000

Monitoring and Adaptive Management $21,450 $11,550 $33,000
1  Land, Easements, Right-of-Ways, Relocations and Disposal sites
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1.0      STUDY PURPOSE AND SCOPE 
 
This study evaluates ecosystem restoration along the Menomonee River beginning 
approximately 100 feet south of the Wisconsin Avenue Bridge and extending approximately 
2,400 lineal feet (LF) in a southerly direction downstream to approximately 100 feet south of 
Interstate Highway I-94 southwest of W Mt Vernon Avenue and N 42nd St in Milwaukee, 
Wisconsin (Figure 3).  
 
The existing concrete channel in this reach provides extremely limited habitat value and blocks 
upstream migration of fish, particularly during spring runoff. The purpose of this study is to 
determine the best solution to provide connectivity for fish spawning and to return the 
Menomonee River to a more natural state.  
 
Ecosystem restoration in the Civil Works program uses a systems view in assessing and 
addressing restoration needs and opportunities. Recognition of the interconnectedness and 
dynamics of natural systems, along with human activities in the landscape, is integral to the 
assessment. The philosophy behind ecosystem restoration promotes consideration of the effects 
of decisions over the long term. The goal is to restore and sustain the health, productivity, and 
biological diversity of ecosystems and the overall quality of life through a natural resources 
management approach that is fully integrated with social and economic goals.  
 
2.0      STUDY AUTHORITY 
 
This study is being conducted under the authority of Section 206 of the Water Resources 
Development Act (WRDA) of 1996, (Public Law 104-303) as amended, Title 33 of the U.S. 
Code Section 2330. As such, the project is subject to the requirements of the National 
Environmental Policy Act (NEPA), Section 404 of the Clean Water Act, and Engineer 
Regulation (ER) 1102-5-100.  
 
3.0      PRIOR STUDIES AND REPORTS 
 
This section presents a list of previously collected data and reports relevant to the restoration of 
the Menomonee River. Listed projects are not necessarily inclusive of the project region, but at 
least involve the Menomonee River. They may be representative of similar conditions and/or 
discussions that may or may not have resulted in information pertinent to this evaluation. 
Previous studies have been conducted by, or on behalf of, the U.S. Army Corps of Engineers 
(USACE); and the Milwaukee Metropolitan Sewerage District, WI. 
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3.1      U.S. Army Corps of Engineers Studies 
 
Reconnaissance Report, Flood Control Study, Menomonee River, Milwaukee County, Wisconsin, 
dated April 1, 1990, and prepared by the U.S. Army Corps of Engineers, Detroit District.   The 
study area was a 2.54 miles stretch of the river from 45th Street (downstream limit) in Milwaukee 
to Harwood Avenue (upstream limit) in Wauwatosa. The study evaluated both structural and 
non-structural flood reduction alternatives and concluded that protection measures were not 
economically feasible and not warranted based on national economic development. This area is 
immediately upstream of the stretch of river from the Middle Railroad Bridge (near 45th Street to 
I-94, which is being evaluated for aquatic ecosystem restoration. This study is included since it 
involved the Menomonee River upstream from the current evaluation. Data utilized in this 1990 
report were not considered current and/or were not available and thus, were not included in this 
evaluation.  
 
Preliminary Restoration Plan (PRP) for Aquatic Ecosystem Restoration, Section 206, at 
Menomonee River, Milwaukee, Wisconsin, dated August 4, 1999, prepared by the U.S. Army 
Corps of Engineers, Detroit District. This report collected existing site data and initiated 
coordination with local, state, and Federal agencies related to formulating alternatives to solve 
identified problems at the study site. Federal interest was evaluated and a recommendation was 
made to continue into the feasibility phase to more completely evaluate the benefits and costs 
related to removal of the concrete channel lining from a 3,700-foot stretch of the river.  This PRP 
was the document prepared in order to determine Federal interest in proceeding with this study. 
The PRP was utilized as a starting point for this Detailed Project Report (DPR). 
 
Sampling and Analysis of Sediments, Menomonee River, Milwaukee WI. Final Report August 
2001.This report was prepared for USACE, Detroit District by Altech Environmental Services, 
Inc. This report integrates a field report, describing the collection and handling of concrete and 
sediment samples and the physical properties of the sediment encountered with an analytical 
report describing the chemical characteristics of the sediment underlying the concrete. The report 
detailed 22 physical samples and concluded that there are no chemical barriers to upland disposal 
of the removed material.  
 
Menomonee River Sediment Transport Modeling System, Final Report, February 28, 2003. 
Report and modeling effort was completed under the Great Lakes Tributary Modeling Program 
for the USACE, Detroit District by W.F. Baird & Associates, LTD.  As of April 2014, this report 
is available on-line at: 
http://projects.glc.org/tributary/models/documents/MenomoneeSedimentTransportReportFinal_0
00.pdf.  
The purpose of the work was to describe the sediment and flow dynamics of the Menomonee 
River Watershed and to describe the modeling system that was developed for its analysis.  The 
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DPR utilized the information generated in this report in the initial modeling effort for this 
analysis.  
 

3.2      Milwaukee Metropolitan Sewerage District (MMSD) Studies 
 
Draft Menomonee River Drop Structure Removal Project, Pre-Design Memorandum, dated 
January 1998, and prepared by Inter-Fluve, Inc. for the Milwaukee Metropolitan Sewerage 
District.   This study evaluated the impact of removing the drop structure upstream of the North 
45th Street Bridge. The report also analyzed and made recommendations for channel 
improvements to a 1,300 foot reach downstream of the drop structure. The recommended short 
term alternative including removing the drop structure which offered environmental and 
recreational benefits and it reduced water surface elevations for the 100-year event between the 
Upper Railroad Bridge and the Drop Structure, while creating only minor increases to the water 
surface between the Drop Structure and the Middle Railroad Bridge. The long-term goal 
recommendations included re-evaluating Alternatives 3-6 and possible long-term solutions for 
habitat restoration and recreation. Alternatives 3-6 included: Alternative 3 (Natural Channel Bed) 
which included removal of the drop structure, flattening the grade between the drop structure and 
the middle railroad bridge, removing concrete from the channel in this reach, and establishing a 
meandering low flow channel in boulders and cobbles which contains a pool/riffle sequence;  
Alternative 4 (Natural Channel With North Side Pathway) which has the same components as 
Alternative 3 but includes a 25 foot easement along the northeast bank. The existing wall is 
removed at this location and the ground is sloped back to provide a greenbelt with a pathway; 
Alternative 5 (Natural Channel with South Side Pathway) has the same components at 
Alternative 3, but includes a south side easement along half the distance where the existing wall 
is removed and replaced with a pathway. A small parking lot is provided which is accessible via 
Monarch Place and 43rd Street. Alternative 6 (Floodway Easement) is less specific than earlier 
alternatives, and could include components from Alternatives 2 through 5. The main distinction 
of this alternative is that a flood wall and storm drain extension is not required. A flood easement 
is obtained on the southwest bank for all areas inundated during the 100-year event, which 
includes a portion of three land parcels. This land could be developed for recreational purpose 
with parks, pathways, river access, and parking. This 1998 report involved recreational 
components which are not part of the current evaluation.  
 
Menomonee River Flood Management Plan, Interim Executive Summary, dated September 15, 
1999, and prepared by the Milwaukee Metropolitan Sewerage District.  The Executive Summary 
presented the status and preliminary recommendations of the various Menomonee River 
Watershed projects to enable the District to accelerate the implementation of critical projects. 
This report indicated that the majority of flood damages on the Menomonee River Mainstem (In-
County) occur in the Hart Park and Valley Park neighborhoods. The Valley Park neighborhood 
is located along the east side of the Menomonee River between Wisconsin Avenue and I-94, 
which is in the study area of this project. The recommended alternative for Valley Park was 750 
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feet of 5 feet high floodwall and 750 feet of 7 feet high levee as well as 7 residential acquisitions. 
MMSD has on-going flood management efforts and continued efforts beyond this 1999 study to 
include the recent CLOMR and LOMR through FEMA which were utilized in the hydraulic 
modeling in this DPR study. 
 
Sediment Characterization for Menomonee River Drop Structure Project Near 45th and State 
Streets, Milwaukee, Wisconsin, dated February 10, 2000, and prepared by K. Singh and 
Associates and James Cape & Sons for the Milwaukee Metropolitan Sewerage District.  This 
area is immediately upstream of the Wisconsin Avenue to I-94 study area. The site investigation 
summary indicated that levels of soil contamination at five feet below grade exceeded the 
Wisconsin Department of Natural Resources generic residual contaminant levels (RCL’s) in 
some of the samples along the river channel. Groundwater contaminant levels in the 
corresponding water samples were generally below detection limits or applicable prevent action 
limits (PAL’s), except for a few cases where contaminant levels were between the PAL and 
enforcement standard (ES).  The MMSD study was referenced in the DPR’s Environmental 
Assessment, Section 3.1.3, to show the characterization of soil located immediately upstream of 
the proposed Section 206 project reach.   
 
Channelization study Memorandum, dated February 2001, and prepared by Harza Engineering 
Company for the Milwaukee Metropolitan Sewerage District.   MMSD contracted for this study 
to evaluate the effect of removal of concrete channel lining. The goal was to determine if 
concrete removal would significantly improve stream habit. The study demonstrated that 
vegetated banks provide shade and are a source of food for stream life. Gravel stream bottoms 
were the most productive, but a variety of bottom types provided living spaces for a variety of 
types of stream life. Variations in depth provided by the natural flow of stream channels, large 
stones and woody debris provided a variety of depths and current velocities that supported a 
variety of aquatic life. Objects large enough to provide shelter from the current and hiding places 
from predators were especially important for fish and large invertebrates such as crayfish. The 
study also demonstrated that concrete-lined channels provide little or no cover, and objects that 
fall in the channel are washed downstream. The determinations made in this 2001 report were 
utilized in the development of the Corps designs in this DPR. 
 
Final Design Memorandum, Menomonee River Stream Management, Contract No. W20021D01, 
Milwaukee, Wisconsin, May 2011. This report was prepared for Milwaukee Metropolitan 
Sewerage District, by Graef. This report and modeling effort provided alternatives to meet the 
goals of providing for fish passage and fish refuge zones while maintaining or decreasing water 
surface elevations. The designs developed in this 2011 report were utilized in the development of 
the Corps designs in this DPR. This report includes information on the other projects completed 
in the watershed and specifically on the Milwaukee County Grounds Floodwater Management 
Facility (MCGFMF), which lowered flood stages in anticipation of the planned restoration 
projects, including this proposed project.  
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4.0      PLAN FORMULATION 
 

4.1     EXISTING CONDITIONS  
 
Location 
 
The Menomonee River is a tributary of the Milwaukee River and discharges to a Federal 
navigation channel in the Milwaukee Harbor in Milwaukee, Wisconsin.  The Menomonee River 
watershed encompasses 136 square miles, including portions of Washington, Ozaukee, 
Waukesha and Milwaukee Counties and flows approximately 32 miles in a southeasterly 
direction from its headwaters in the Village of Germantown and the City of Mequon, Wisconsin 
to the Milwaukee and Kinnickinnic Rivers in the Milwaukee Harbor Estuary.  The watershed 
flows primarily through urban areas, with the central and lower portions including mainly 
residential, commercial and industrial developments.  The agricultural land near the upper reach 
of the Menomonee River is rapidly being developed.  
 
During 1965-66, the Milwaukee Metropolitan Sewerage District (MMSD) lined approximately 1 
mile of the Menomonee River with concrete, for flood control purposes. No information is 
available on the level of flood control provided by the locally constructed concrete lining. The 
upstream limit of the proposed project area corresponds to the downstream limit of a completed 
MMSD project which is removing a drop structure at 45th Street and 1,300 feet of concrete 
channel lining.  
 
This project area is enclosed within WPA (Works Progress Administration) constructed walls 
(WPA walls) circa late 1930’s.  The WPA was a New Deal agency which constructed parks, 
bridges, schools, public buildings and roads and, as in this region, flood control structures. 
Because of the significance of the WPA walls, a Request for SHPO (State Historic Preservation 
Office) Comment and Consultation on a Federal Undertaking was filed with the Wisconsin 
Historical Society. The request was initiated to repair outfalls through the WPA walls. 
Correspondence regarding this submittal is included with this document in the Correspondence 
attachment (Attachment 2).  Due to the historical significance of the WPA walls, they are a 
constraint to the project and will be protected.  If the soil boring data indicates the WPA walls 
require protection from a slumping failure, the WPA walls will be stabilized with steel sheet 
piling (SSP) placed at the waterward edge of the upper most concrete panels.  The SSP wall 
would be placed parallel to the river and these costs would be shared as part of the project.  
Repair of drain outfalls that pass through the WPA walls may occur during the time of 
construction of this proposed project.  However, outfall repairs would not be part of the Federal 
project and would be pursued separately by the MMSD at 100% MMSD expense. The 
Menomonee River and Menomonee River Watershed is in southwestern Wisconsin (Figure 1).  
This 32-mile river is one of the principal tributaries of the Milwaukee River, and is part of a 
major watershed that drains to Lake Michigan.  Figure 2 depicts the Greater Milwaukee 
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Watersheds showing Menomonee River Watershed and Figure 3 provides a close view of the 
project area.  
 

. 

 
Figure 1. Project Location 
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Figure 2. Greater Milwaukee Watersheds/Menomonee River Watershed 

Project Location 
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Figure 3. Location of Proposed Menomonee River Ecosystem Restoration, Milwaukee, WI 

Hazardous, Toxic and Radioactive Waste (HTRW) Investigations 
 
The terms “hazardous materials” refers to any item or agent (biological, chemical, radiological or 
physical) which has the potential to cause harm to humans, animals, or the environment, either 
by itself or through interaction with other factors.  When hazardous materials are improperly 
used, they can threaten the health and well-being of wildlife species, habitats, soil and water 
systems, and humans.   
 
USACE policy prohibits the use of Civil Works funds to respond to concerns associated with 
HTRW and requires appropriate investigation to identify potential HTRW concerns early in 
planning and development of a civil works project.  Several actions were conducted to address 

Upstream 
beginning of 
project 

Downstream end of 
project.  
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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.   
 
Environmental databases and related records were searched and reviewed for information 
regarding current and former land use indicating storage, disposal or use of Comprehensive 
Environmental Response, Compensation, Liability Act (CERCLA) regulated substances.  No 
CERCLA sites were revealed in the project vicinity.  In 2001 a Phase II ESA was conducted, 
Twenty-two samples were collected and analyzed to characterize the sediments under the 
concrete lined channel within the proposed project site.  No HTRW materials were detected 
underneath the concrete located within the proposed project area or in the project reach.  All of 
the soil under the concrete would be classified as a non-regulated material and is suitable for 
upland placement.  MMSD has tested sediments immediately upstream of the proposed CAP 
Section 206 project reach.  No other projects located within the proposed CAP Section 206 
project area have contained soil identified as hazardous or have met the requirements for HTRW 
disposal (MMSD Study, Sediment Characterization for Menomonee River Drop Structure 
Project Near 45th and State Streets, Milwaukee, Wisconsin, dated February 10, 2000, and 
prepared by K. Singh and Associates and James Cape & Sons for the Milwaukee Metropolitan 
Sewerage District.).   
 
While implementing the proposed project is not expected to result in the identification or the 
release of HTRW regulated material, some additional testing is likely to occur prior to or during 
construction. If the additional testing indicates the presence of CERCLA substances above State 
of Wisconsin criteria in soils to be excavated and removed from the project, those soils will be 
transported and disposed of in accordance with applicable Federal, State, and local laws 
consistent with USACE polices.  The non-Federal project sponsor (MMSD) will pay 100% of 
the costs associated with the removal and disposal of any HTRW regulated waste materials 
encountered during construction activities.  The HTRW regulated materials will be taken to a 
properly permitted Type II landfill such as the Waste Management Facility located at 2101 W. 
Morgan Avenue, Milwaukee, Wisconsin.  (See EA, Section 3.1.3, Hazardous Material, for 
further details.) 
 
Excavated non-HTRW regulated material will be disposed of in accordance with applicable 
Federal, State, and local laws and USACE polices.  MMSD has identified the Road and 
Construction Materials Facility, located approximately 15 miles from the project site at 6401 
South Racine Avenue, New Berlin, Wisconsin as the primary disposal site. This site is a disposal 
for fee site and is compliant with all Federal, State and Local permit requirements to accept this 
material.  As part of the study, the government has screened several sites, including the proposed 
commercial facility in Racine identified by the Sponsor, and after evaluation of the potential 
costs, including transportation, permitting, and land, and public and environmental factors, has 
determined that the Racine commercial site is the most cost effective and reliable option readily 
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available for the disposal of the clean sediment materials.  The concrete removed from the site, 
will be taken to one of several available recycling facilities, location to be determined.  
 

If the construction contractor can find an economically favorable alternative site(s) that is/are 
suitable for disposal of this material, then the contractor will be required to prove to the 
government that they have properly obtained all Local, State and Federal permits required for 
disposal at these alternative sites. The placement of non-HTRW regulated material into an 
appropriate off site licensed disposal area is considered a project feature and the non-federal 
project sponsor can obtain Lands, Easements Rights-of-Ways, Relocations, and Disposal 
(LERRDS) credit.  For additional information, see the Real Estate plan located in the DPR, 
Appendix E - Real Estate. 

 
4.1.1     Water Quality and Fisheries Existing Conditions 
 

The existing concrete lined channel was designed to move water downstream during runoff 
events at high velocity.  Due to high water velocity and length of run necessary to pass the 
concrete lined channel, these design components prevent the upstream movement of fish to 
existing spawning habitat. The Menomonee River has been plagued with severe water quality 
and physical habitat problems in the past.  However, recent restoration efforts have resulted in 
substantial improvements. During this time, MMSD has reduced the annual combined sewer 
overflow events into the Menomonee River from 60 to 2, resulting in significantly improved 
water quality. Water quality has also been improved by zebra mussel activity.  The concrete 
portion of the river prevents the passage of fish to valuable spawning areas already restored 
upstream.   

As with other areas of rapid urban development, increases in impervious area contribute to a 
flashier system with higher peak velocities and shear stresses. Bank erosion and erosion from 
construction sites also contribute heavily to waterway pollution within the Menomonee River 
watershed. 

Upstream of the concrete lined portion of the channel, the Menomonee River and its tributaries 
extend into progressively more rural areas. A warm water fish community exists in this portion 
of the river, supporting significant smallmouth bass populations. Downstream of the concrete 
section, the river becomes an estuary backwater of Lake Michigan. Northern pike and walleye 
are the top fish predators in this area, exhibiting significant population increases in response to 
water quality improvements. The Wisconsin Department of Natural Resources (WDNR) 
provided a list of some of the fish species lost or severely impaired by the construction, and 
continued presence of the concrete lined channel, as depicted in Table 1.  
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Table 1 - Impacted Fish Species 
      
  Native Species   
Greater Redhorse Sucker       Smallmouth Bass             Northern Pickerel 
White Sucker                         Walleye                           Johnny Darter 
Longnose Sucker                   Northern Pike                  Creek Chub 
Shorthead Sucker                   American Eel*                   
      
                                               Non-Native Species   
Rainbow Trout                       Coho Salmon                   Atlantic Salmon 
Brown Trout                           Chinook Salmon              Sockeye Salmon 

*SPECIAL CONCERN STATUS: The WDNR has listed the American Eel as a  
“Species of Concern”; it is considered rare and uncommon in Wisconsin. 

Though sea lamprey exists in Lake Michigan, the warm waters of the Milwaukee River 
tributaries were determined to be unsuitable for sea lamprey production by the USFWS Sea 
Lamprey Control Unit. 
 

4.1.2     Population, Land Use and Industry 
 
The Menomonee River watershed is populated with 2,367 persons per square mile when 
compared to the State of Wisconsin with 99 persons per square mile.  The population in the 
watershed is relatively stable with approximately 325,000 individuals in 2010 and has continued 
to experience increased urbanization with increasing numbers of household units between 1990 
and 2010.  The watershed spans four counties, nine cities, six villages and four towns.1  
 
Figure 4 provides a depiction of land use in the Menomonee Watershed indicating that 52% of 
the watershed is suburban/urban, 22% is devoted to agriculture with 14% remaining as open 
water or open space. 
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Figure 4. Menomonee Watershed Land Use1 

 
The City of Milwaukee is the largest city in the watershed with a 2012 population of nearly 
598,000 with a total of over 955,000 in Milwaukee County and over 5,725,000 in Wisconsin.  
The City of Milwaukee is densely populated with 6,188 persons per square mile compared to 
3,926 in the county. The unemployment rate for Milwaukee County exceeded 9% in February of 
2013 compared to just over 7% for the state of Wisconsin.   
  

4.2      Future Without-Project Conditions 
 
Water quality conditions on the Menomonee River without this project would be expected to 
gradually improve over the next 50 years. This projection is based on the assumption that other 
efforts underway to clean up and restore degraded areas in the river continue. Such efforts 
include the removal of contaminated sediments, the restoration of wetland areas and other 
activities.  None of these activities are within the proposed project area. 
 
The Milwaukee Estuary Remedial Action Plan (1995), prepared by the Wisconsin Department of 
Natural Resources lists as a goal, to develop high quality aquatic and wildlife habitats. One of the 
objectives described in the plan was to evaluate and implement recommendations regarding 
removal or modification of human-made obstructions along the rivers which restrict navigation 
and natural fish movement, spawning, feeding, protection, development or winter habitat. 
 

1 Wisconsin Watersheds, Menomonee Watershed Plan 2010, August 2010, Wisconsin 
Department of Natural Resources.   
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Some continuing development along the waterfront is anticipated but it is expected that 
restoration efforts will exceed development during the period of consideration resulting in stable 
flows as presented in Table 1, page 3 of the H&H appendix (Appendix B). Overall gains in water 
quality, sediment quality, and habitat availability are expected to occur as a result of regulation 
and restoration efforts by governments. Because of the size of the system and the permanence of 
the development that caused habitat losses, gains will be gradual and small in relation to the 
losses that have occurred due to development including the placement of a concrete channel 
lining along the river.  If the USACE project is not implemented, the local sponsor, MMSD, 
could choose to implement the project independently.  
 
The lack of connectivity due to this concrete lined area of the river would continue to prevent 
fish from accessing valuable spawning areas and thus, would not contribute to the restoration of 
these species in Lake Michigan and in the Menomonee River.  
 

4.3     Problems, Opportunities, Constraints and Objectives  
 

The problems are described in the Existing Conditions paragraph 4.1.1, Water Quality and 
Fisheries Existing Conditions. The overall objective is to restore the degraded aquatic structures, 
functions, and dynamic processes to a less degraded, more natural condition. The identified 
problems and opportunities are summarized below. 
 
 

4.3.1     Problems 
 

The fishery within the Milwaukee Harbor is limited due to a lack of access by adult fish to 
suitable spawning habitat.  The concrete lined channel prevents fish access to over 18 river miles 
comprised of 100 acres of open water, 30 acres of gravel for spawning by game and forage fish 
species, and access to over 125 acres of shallow water emergent wetlands for spawning use by 
listed various fish species, and in particular,  northern pike.   

 Lack of connectivity within the river for fish to reach valuable spawning areas 

The concrete channel lining from the Middle Railroad Bridge north of Wisconsin Avenue to 
I-94 prevents fish from accessing spawning areas upstream due to high velocities during the 
spawning season.   
 
 Loss of aquatic habitat, natural shoreline and emergent wetlands  

The concrete channel lining from the Middle Railroad Bridge north of Wisconsin Avenue to 
I-94 as well as commercial and industrial development along the Menomonee River has 
degraded a significant amount of the once available fishery habitat.        
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 Shortage of deeper water areas sheltered from the main current of the river occurring near 
to shoreline spawning habitat  

 
The placement of concrete along the Menomonee River channel bottom has resulted in a system 
with a shortage of deeper water areas sheltered from the main current of the river. The study area 
of the river lacks any riffle/pool systems, which provide vital habitat to fish and other aquatic 
organisms. Variations in depth provided by natural stream channels as well as stones and woody 
debris provide a variety of depths and current velocities that support a variety of aquatic life. 
This loss of habitat has reduced the quantity and the diversity of fish present in the river and 
impedes fish passage upstream. 
 
The Milwaukee Estuary Remedial Action Plan cites a goal to develop high quality aquatic and 
wildlife habitats. 

 
4.3.2     Opportunities 
 

There are several opportunities related to improving fish passage and aquatic habitat in the 
Menomonee River.  

 Improve fishery habitat along the Menomonee River 
 

 Restore indigenous fish species in the river 
                                                

 Provide increased recreational opportunities along the waterfront  
 

 Restore a diverse and self-sustaining riparian vegetative community along the river’s 
edge 

 
 Restore fish spawning and rearing in the river by providing passage through the affected 

section 
 

 Decrease peak velocities within the channel  
 

 Improve water quality  
 

 Decrease maintenance expenses 
 

 Improve the overall health of the estuary 
 

Concrete channels provide little or no cover and current velocities often reach speeds unsuitable 
for fish and other aquatic organisms. The restoration of natural channels and banks provide 
sources of food for stream life as well as shade and cover for temperature variation in the stream.   
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Fish access to historical spawning and rearing habitat upstream could be restored, and the 
composition of benthic communities could be improved.  
 

4.3.3      Planning Constraints 
 
This study was conducted within the constraints depicted in the Economic and Environmental 
Principles and Guidelines for Water and Related Land Implementation Studies, and by 
applicable USACE regulations and other documents which provide guidance pertaining to the 
implementation of these principles and guidelines. Plans were developed with due regard to the 
benefits and costs, both tangible and intangible, as well as associated effects on the ecological, 
social, and economic well-being of the region. Federal participation in projects seek to ensure 
that any plan is complete, efficient, economically feasible, environmentally acceptable, and 
consistent and acceptable in accordance with local, regional, and State plans and policies. To the 
extent practical, plans are formulated to maximize beneficial effects and minimize adverse 
impacts and costs.  
 
Planning Constraints identified for the Menomonee River Ecosystem Restoration are: 
 

 Physical constraints along the Menomonee River concrete channel area, including 
bridges and the WPA walls that must remain in place and the structures on either side of 
the river, limit the methods and/or designs available for cost effective channel restoration.     
 

 Any implemented alternative should not significantly increase the area of the estimated 
100-year flood zone.  Project features must safely convey extreme flood flows and 
protect existing flood risk management measures.  

 
 Bridges near the south end of the project, the I94 Bridge and the Railroad Bridge, require 

special consideration to evaluate potential impedance to fish passage.  
 
4.3.4     Objectives 

 
The overall goal of the Menomonee River Section 206 project is to restore aquatic ecosystem 
functions and remove migratory barriers for fish traversing the network of streams and rivers 
linking them to the estuary.  To reach the overall restoration goal, specific objectives were 
identified through coordination with local and regional agencies, site assessments and review of 
prior studies and reports.  The specific objectives for the proposed restoration within the project 
area are presented below: 
 

 Provide connectivity upstream to 18 miles of river for spawning for adults and nursery 
habitat for juvenile fish  
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SIGNIFICANCE: The reduction of velocity with riffles and pools provides connectivity between 
Lake Michigan and the upper Menomonee River spawning and rearing habitats and supports the 
restoration of fish populations. 

 Restore more natural riverine habitat for a variety of fish and invertebrates in the 
channelized portion of the Menomonee River.  
 

 Offset degradation and loss of significant habitat in the study area via improvements in 
native vegetation, physical habitat and water quality. 
 

SIGNIFICANCE: Vegetation and habitat is currently limited by the concrete lining in the project 
region. 
 

 Contribute to National Ecosystem Restoration through restoration of degraded ecosystem 
structure, function, and dynamic processes to a more natural condition of riffles and 
pools. 
 

5.0      OVERVIEW OF THE PLAN FORMULATION PROCESS 
 
The Planning Guidance Notebook (ER 1105-2-100) calls for the formulation of alternative plans 
to identify specific ways to achieve the planning objectives within the constraints listed above. 
An alternative plan consists of a system of measures that address specific needs or concerns of a 
project. The first phase of the formulation process is identifying potential management measures 
that could be implemented. The second phase is formulating alternative plans by combining 
management measures as appropriate. 
 
As plans are formulated, it is crucial that they be developed with the goal of maximizing benefit 
to the economy, the environment, or the sum of both. As stated in the Planning Guidance, each 
alternative plan shall consider the four criteria described in the Economic and Environmental 
Principles and Guidelines for Water and Related Land Resources Implementation Studies 
(1983): completeness, efficiency, effectiveness, and acceptability. “Completeness is the extent to 
which the alternative plans provide and account for all necessary investments or other actions to 
ensure the realization of the planning objectives, including actions by other Federal and non-
Federal entities. Effectiveness is the extent to which the alternative plans contribute to achieve 
the planning objectives. Efficiency is the extent to which an alternative plan is the most cost 
effective means of achieving the objectives. Acceptability is the extent to which the alternative 
plans are acceptable in terms of applicable laws, regulations and public policies.” 
 
6.0      PLAN FORMULATION MANAGEMENT MEASURES AND ALTERNATIVES 
 
Several alternatives were considered and rejected prior to alternative evaluation including some 
non-structural alternatives that proved to be capital dependent and labor intensive, such as trap 
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and release and stocking.  The primary constraint with this project is the river location between 
the two historic WPA walls.  The width of the available corridor for river restoration is set by the 
WPA walls. The potential is high for slumping or WPA wall failure if excavation is conducted at 
or below the toe of the WPA structures.  The SHPO would not consider removal or modification 
of the historic WPA walls for project design other than in kind and in place maintenance.  

Ideally, a river restoration project would include construction of a two stage channel with 
meanders and riparian vegetation.  The WPA walls prevented the design of such a channel based 
on available river width.  While it is conceivable that a new river corridor alignment could be 
procured of sufficient width to create a river with meanders, riparian vegetation, riffles and 
pools, the impacts to existing businesses and residential structures and costs (acquisition and new 
bridges) made this type of alternative neither feasible nor prudent. The available real estate 
between the historic walls is insufficient for the creation of a two stage channel with a vegetated 
floodplain and a natural channel design.    

The I94 Bridge and the railroad bridge were specific physical constraints that required special 
analysis.  The challenge was to find alternatives that would achieve desired flow conditions for 
fish passage while preventing scour near the structures.  This concern resulted in a detailed scour 
analysis to aid in alternative development at these two locations.  Again, due to the limitations on 
the banks with the WPA walls that were required to be left in place, potential measures were 
extremely limited.   
 
Management measures are the individual means that address specific needs or concerns of the 
project. Given the constraints, initial plan formulation included evaluation of a limited number of 
viable measures to improve and restore the degraded aquatic habitat along the Menomonee 
River.  
  
Evaluated measures included: 

 Concrete Removal, 

 Stone Placement, and 

 Stone Placement with Riffles and Pools. 
 
The project area is highly urbanized, limiting the viability of expanding the restoration beyond 
the immediate Menomonee River footprint.  The water velocity in the concrete channel limits 
upstream migration of fish and blocks passage. The creation of riffles and pools would allow fish 
passage to extensive habitat areas. The riffles and pools create an impediment to flow resulting in 
a slight increase in stage elevation. Several riffle pool variations were considered resulting in 
either flow velocities that were too high to allow for fish passage or potential flood impacts.  
Ultimately, the alternatives presented in this report were deemed the only viable solutions, 
reducing flow velocities from the existing conditions to levels that would allow fish passage 
without creating flood damage consequences.  The MMSD is obtaining necessary flowage 



18 

 

easements for the potential flooding in an industrial parking lot and has notified FEMA of the 
intent to change the 100-year flood plain. The Milwaukee County Grounds Floodwater 
Management Facility (MCGFMF) was constructed in anticipation of potential increases from 
individual restoration projects. (NOTE: see Correspondence included with this report).  Since the 
project has no impact for the 50 year event, it is expected that a takings analysis will not be 
required.  
 
Since 1999, MMSD has removed drop structures, a low head dam, and concrete paved segments 
that restricted upstream fish passage.  Immediately upstream of the proposed Menomonee CAP 
Section 206 project is a concrete segment containing a drop structure.  MMSD has scheduled the 
removal of this concrete segment and drop structure in 2014.  MMSD’s project consists of 
replacing the concrete lined channel with coarse granular bedding stone and rock boulders set in 
concrete to form riffles and pools, where necessary, for successful fish passage to upstream 
habitat.  
 
Since the existing 2,400 LF of concrete channel immediately downstream of the MMSD project 
area provides extremely limited habitat value and blocks the upstream migration of fishes, 
particularly during spring runoff because of high discharge velocity, the removal of the concrete 
channel lining was deemed a necessary component to any proposed habitat restoration 
alternative.  Simply removing the concrete channel lining would result in high water velocities 
and riverbed erosion causing undercutting and compromise of the WPA retaining walls.  Given 
the limitations of the project area to within the existing river width because of the historic WPA 
walls, the limited measures resulted in only two viable designs which were further evaluated 
within this DPR. The alternatives evaluated in depth include:  1) removal of the concrete channel 
lining and replacing it with stone and creating riffle and pool complexes, and 2) removal of the 
concrete channel lining and replacing it with stone without the creation of any riffle or pool 
complexes.     
 
The proposed project involves the removal of 8-inch thick concrete channel lining from 
approximately 2,400 lineal feet of the Menomonee River located in Milwaukee, Wisconsin and 
replacing it with stone and creating riffle and pool complexes to improve aquatic habitat. The 
project extends from just downstream of Wisconsin Avenue to just downstream of the I-94 
bridge crossing or River Mile 4.027 to 3.55 (See Figure 3).  The upstream limit corresponds to 
the downstream limit of the drop structure and concrete lining removal project to be completed 
in 2014.  The downstream limit of the project corresponds to the end of the concrete channel 
lining. 
 
All excavated underlying soil material will either be taken to the MMSD identified Road and 
Construction Materials Facility located approximately 15 miles from the project site at 6401 S. 
Racine Avenue, New Berlin, Wisconsin. If the construction contractor can find an economically 
favorable alternative site(s) that is/are suitable for disposal of this material, then the contractor 
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will be required to prove to the government that they have properly obtained all Local, State and 
Federal permits required for disposal at these alternative sites. All of the concrete removed from 
this project will be taken to a licensed concrete recycling facility. Any materials determined to be 
unsuitable for disposal at the Road and Construction Materials Facility site based on further 
testing will be taken to a Type II landfill with all disposal costs attributed to MMSD.  
 
The alternative plans are compared in this Detailed Project Report using four formulation criteria 
suggested by the U.S. Water Resources Council: completeness, effectiveness, efficiency, and 
acceptability as herein defined. 

Completeness 

Completeness is a determination of whether or not the plan includes all elements necessary to 
achieve the objectives of the plan.  It is an indication of the degree that the outputs of the plan are 
dependent upon the actions of others.  

Effectiveness 

Effectiveness is defined as a measure of the extent to which a plan achieves its objectives. Both 
of the plans provide some contribution to the planning objectives in that both would result in 
restoration of fish passage to the upstream habitat.  

Efficiency 

Efficiency is a measure of the cost effectiveness of the plan.  

Acceptability 

All of the plans must be in accordance with Federal law and policy.  In addition, acceptance of 
the plan to the local sponsor and other stakeholders is important for implementation.  
 

6.1     Alternative 1 – Concrete Removal and Replacement with Stone Riffles and Pools 
 
Alternative 1 includes concrete removal and replacement with stone to restore aquatic habitat 
along approximately 2,400 LF of the Menomonee River within the City of Milwaukee, 
Milwaukee County, Wisconsin. The stone placement is designed to remain stationary during 
100-year or 1% flood events and will be placed in a riffle and pool configuration to reduce flow 
velocity and provide resting pools. The riffles and pools will provide access to upstream 
spawning and nursery habitat for fish that live in the Milwaukee estuary and nearshore waters of 
Lake Michigan, particularly northern pike, walleye, smallmouth bass, several species of the 
sucker family and other forage fishes.    
 
This alternative consists of 6 pools and 6 riffles. The riffles range from 40' to 65' with velocities 
from 1.69 fps to 2.98 fps.  Within this design, four riffle/run segments of the project reach have 
velocities greater than 2 fps, the velocity of concern for passage of northern pike. However, for 
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these riffle segments, the velocity at the edge of the channel is less than 2 ft/s and has over 1 foot 
depth of flow, therefore, they will still be able to pass fish. The pools range from 45' to 100' with 
velocities from 1.11 fps to 1.55 fps in spring. The boulders will be set in bedding gravel or 
crushed concrete unless final design plans reveal that the boulders should be set in concrete at a 
grade change or at a specific outfall.  Figure 5a presents a typical riffle cross section and Figure 
5b depicts the cross section of a typical pool.

 
Figure 5a – Typical Riffle Cross Section 

 
 

 
Figure 5b – Typical Pool  
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6.2      Alternative 2 – Concrete Removal and Replacement with Stone  
 
Alternative 2 involves replacing the removed concrete channel lining with stone without creation 
of any riffle or pool complexes. Thus, Alternative 2 differs from Alternative 1 in that it does not 
involve the organization of the stone into designed riffle and pool complexes. Some of the stone 
would be sized to be mobile enough to allow the river to create its own riffle pool complexes 
instead of forcing to specific locations on the river.  The rock lined channel includes three 
segments that exceed 2 fps; one at 430' with an average velocity of 2.87 fps, one at 807' with an 
average velocity of 2.54 fps, and one at 310' with an average velocity of 2.43 fps. All of these 
segments would restrict northern pike passage and greatly exceed the recommended length of 
passage at an average velocity of 2.65 fps. Also, the overall average channel velocity of 2.33 fps 
exceeds the sustained swim speed for northern pike passage as listed in the certified Upper 
Mississippi River (UMR) model. The mean velocity exceeds sustained swim speeds for the 
targeted fish species and is unacceptable for upstream connectivity for passage by northern pike 
and smallmouth bass.  
 
Figure 6 provides a typical cross section for this alternative.  

 
Figure 6 – Typical Cross Section, Alternative 2 

 
6.3      Alternative 3 – No Action 

 
The Corps 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 project would be implemented to achieve the planned objectives.  No action 
towards restoration of this habitat would allow the environment to remain in a degraded 
condition with only gradual improvement expected due to improved water quality, sediment 
quality, and other restoration efforts ongoing in Milwaukee and other affected areas.  In addition, 
water velocity would remain higher than the sustained swim speed for northern pike, a targeted 
species in the area.   
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7.0      EVALUATION OF ALTERNATIVES 
 
The Economic and Environmental Principles and Guidelines for Water and Related Land 
Resources Implementation Studies (1983) directs Federal agencies to formulate plans that are 
economically and environmentally sound. Cost-Effectiveness and Incremental Cost Analyses 
(CE/ICA) are recommended for evaluating ecosystem restoration projects. Using a CE/ICA, the 
costs and non-monetary environmental outputs of each alternative are weighed against each other 
to identify the environmental restoration plan. This CE/ICA follows the procedures specified by 
the U.S. Army Corps of Engineers’ Ecosystem Restoration in the Civil Works Program (EC 
1105-2-210, 1995a) and the Institute for Water Resources (IWR) Report, Evaluation of 
Environmental Investment Procedures Manual (IWR Report #95-R-1, 1995b).  
 

MMSD constructed the Milwaukee County Grounds Floodwater Management Facility 
(MCGFMF) to lower flood stages to allow for the construction of multiple restoration projects, 
including the project herein evaluated. The MMSD, FEMA, and the WDNR are aware of the 
water surface increases involved with the construction of this project and, although these 
increases result in levels lower than those prior to the construction of the MCGFMF, MMSD is 
working towards obtaining a CLOMR for this project.  The base flows for MMSD’s CLOMR 
were included in the hydraulic model for alternative 1, but is not included in the existing 
condition model (alternative 3). Miller-Coors is aware of the potential increase in the 100 year 
water surface elevation on their property and is not concerned, given that this elevation is below 
the pre-MCGFMF level. The increase in the wetlands area is contained and will not affect 
surrounding areas.  The Valley Park Levee located adjacent to this project area, along the eastern 
edge of the river, protects the adjoining neighborhood from the 100 year storm event.  The 100 
year water surface elevations for Alternatives 1 and 2 meet the necessary freeboard requirements 
for this levee as determined by FEMA.   
 
The 100 year water surface elevations for Alternatives 1 and 2 exceed the existing conditions 
water surface elevation (Alternative 3) in several areas.  The Milwaukee County Grounds 
Floodwater Management Facility (MCGFMF) came online in 2011 and has reduced flood flows 
and water surface elevations in the project area below the FEMA base flood elevations (FEMA 
BFE) to allow the construction of environmental restoration projects, including the herein 
proposed project.  The existing conditions model reflects these new (approved) flows and lower 
water surface elevation.  The effective FEMA BFE is the same or even higher than the proposed 
WSEL from this project. See the Graef Final Design for the Menomonee River Stream 
Management (May 2011) for details.  
 
The largest water surface increase over existing conditions (post MCGFMF construction) of 2.5 
ft occurs at Section 4.049 which is located at the south end of the Miller-Coors property.  Despite 
this water surface increase, the floodplain is still contained within the banks and the proposed 
floodplain delineation is nearly identical to the existing FEMA delineation (see Figure 13 in 
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H&H Appendix).  The proposed floodplain delineation and increased inundation area occurs at 
the south end of the Coors property on their parking lot.  Currently, the property owner 
experiences minor flooding and moves vehicles from the flood prone area prior to high water 
events.  The flood prone portion of the parking lot is used as excess storage.  Property damage 
has not been an issue in the past as the effective FEMA flood hazard inundation area is larger 
than both the existing and proposed conditions areas.  The circled area between the red and green 
line in Figure 7 below shows this increased inundation area which measures approximately a 
third of an acre.  The minor increased inundation area does not impact any structures and does 
not pose a threat to property.  (In locations where the floodplain leaves its banks, there are slight 
increased inundation areas including the wetlands area upstream of Wisconsin Avenue.)  See 
Figure 13 in the H&H Appendix B for further detail. 
 

There is a slight change in the floodplain delineation upstream of the project limit.  The proposed 
floodplain delineation upstream of the project area shows minor differences from the existing 
conditions.  This is likely due to better topographic information, better mapping technology, 
and/or improved modeling. 
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Figure 7 -  Floodplain Map 1 - where green line is Alternative 3 or existing conditions; yellow line is 

Alternative 2; red line is Alternative 1; and orange lines are existing conditions cross sections. See Appendix 
B. 

Table 3 of the H&H Appendix (Appendix B) contains a detailed summary of the flood increases 
and provides a larger version of Figure 7.  

7.1      Environmental Outputs 

The impacted habitat of the Menomonee River was assessed and the environmental outputs 
associated with each of the alternatives were determined. Both the current status of the 
Menomonee River and the results of implementing the alternatives were analyzed in terms of 
habitat connectivity, biodiversity, water quality, and significance. A detailed discussion of the 
habitat evaluation and the species HSI’s are located within Appendix E. 
 

7.2      Quantity, Quality and Connectivity   
 
The total acreage for current alternatives is 158 acres (Quantity). Habitat quality was based on 
the critical components for reproduction using the U.S. Fish and Wildlife Service Habitat 
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Suitability Index (HSI’s) for selected fish species, northern pike, smallmouth bass, and walleye 
which are representative of fish species using these two different habitat types for spawning and 
reproduction. White sucker and common shiner were also reviewed and could be used in place of 
walleye. 
 
The targeted fish species are smallmouth bass, walleye and northern pike, one of the poorest 
swimming warm water game fishes.  While forage species such as common shiner and suckers 
would also benefit from the connectivity to upstream habitat, no HSI's were prepared for the 
forage fishes.  Based on the Upper Mississippi River (UMR) model and Step 4 Connectivity 
from the UMR model, walleye and smallmouth bass can swim upstream during the spawning 
season under Alternative 1 (riffle pool) as the sustained swim speed of both of these fish exceeds 
the average velocity in the riffle and pool.  Under Alternative 2, of the targeted fish species, only 
the walleye can swim upstream as the average velocity is greater than the sustained swim speed 
of the smallmouth bass and northern pike.  In the UMR model, the northern pike has a sustained 
swim speed listed at 1.5 fps.  The average stream velocity in the reconstructed riffle pool during 
springtime is over 1.89 fps.  Figure 8 was adapted by others from a report and literature review 
by Ontario Ministry of Natural Resources (1988) and summarizes passage by free-swimming 
individuals over standard distance and velocities. The effect of temperature and length of the fish 
are not provided.  The steeper sloping portion of the curve more closely approximates “burst” 
swimming abilities while the lag or flat side of the curve approximates the “prolonged” 
swimming abilities.  From the Ontario summary, the sustained or “prolonged” swim speed of 
northern pike (Figure 8) is approximately 2 fps at a distance of 150 feet.  
 
Alternative 1 was designed to allow for northern pike passage based on burst speed.  Removal of 
the concrete lined channel and placement of stone to create riffles and pools will, allow northern 
pike passage based upon the computed spring flows and decreased flow velocities within the 
project reach.  The Alternative 1 design consists of 6 pools and 6 riffles.  The riffles range from 
40' to 65' with velocities from 1.69 fps to 2.98 fps.  Within this design, four riffle/run segments 
of the project reach have velocities greater than 2 fps, the velocity of concern for passage of 
northern pike.  However for these riffle segments, the velocity at the edge of the channel is less 
than 2 fps and has over 1’ depth of flow, therefore the design will still provide for northern pike 
upstream passage.  The pools range from 45' to 100' with velocities from 1.11 fps to 1.55 fps in 
spring.  The average design velocity for Alternative 1 is 1.89 fps, with slower velocities on the 
riverbanks and river bed. The velocity near the bottom and the sides of the channel will be 
slower but for conservative computational purposes, 60% northern pike passage is being used in 
this analysis.  Northern pike connectivity (passage) was conservatively estimated at 0.6 based on 
an assumed average 10% loss of passage at each of the four (4) riffles with velocity > than 2 fps 
using the Ontario summary, other data and professional judgment. 
 
Alternative 2, rock lined channel, because it does not include any riffles or pools, required 
special consideration of flow velocity relative to fish passage.  For Alternative 2, three segments 
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exceed 2 fps; one at 430' with an average velocity of 2.87 fps, one at 807' with an average 
velocity of 2.54 fps, and one at 310' with an average velocity of 2.43 fps. All of these segments 
would restrict northern pike passage and greatly exceed the recommended length of passage at an 
average velocity of 2.65 fps for 150 feet.  Also, the overall average channel velocity of 2.33 fps 
exceeds the sustained swim speed for northern pike and smallmouth bass as listed in the UMR 
model. The channel flow velocities within the project reach range from 1.21-3.22 fps for 
Alternative 2.  Since the sustained swim speeds of both the northern pike and smallmouth bass 
are exceeded in the Alternative 2 armored channel design, professional judgment was used to 
rate connectivity for smallmouth bass at 0.4 and northern pike at 0.2 based on length of passage 
and velocity.  The WDNR estimates the likelihood of northern pike successfully passing under 
Alternative 2 as very low, significantly lower than Alternative 1, because of the nature of the 
velocity in the armored channel and no resting pools.  The 2,400 foot passage at the design 
velocity exceeds any published literature for successful passage.  Of significant note is that the 
summer depths would limit adult fish usage because of lack of depth.  During the summer low 
flow period, water depths in the rock lined channel would range from 1-4 feet and velocity of 
1.0-1.5 fps.  However, fish are not moving upstream to spawn during this period of lower flow 
velocity.   
 
Habitat connectivity, or the ability of the selected fish species to swim upstream to access 
habitat, was based on the Upper Mississippi River (UMR) model for connectivity evaluation, 
Step 4. The model has been approved as a certified model for use within the Upper Mississippi 
River region.  Certification of the UMR model for use in Great Lakes tributaries has been 
requested through USACE Headquarters. Since smallmouth bass and walleye can pass upstream 
under the Alternative 1 design, a value of 1 was entered into Table 2, Column 3 (Connectivity) 
for these two species which equates to successful fish passage.  
 
Ecosystem output was calculated as the product of all the estimated values [Acres X Quality X 
Connectivity = HU Output].  The quality of the river habitat within the 18 mile river reach from 
Lepper Dam downstream to the proposed work site, which is three (3) miles upstream of the 
confluence with the Milwaukee River, was estimated on a scale of 0 to 1, with 1 being a habitat 
of the highest value.  
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Figure 8 - Swim Speed and Distances, Ontario Ministry of Natural Resources, 1998 
 
 7.3      Habitat Units 
 
Table 2 presents the total habitat units determined for each alternative.  
 
Table 2 Notes:  
* The quantities on which the subsection was evaluated; the sum of which equals the total 
quantity of spawning habitat being 30 acres of gravel in the upstream 18 river miles, 125 acres 
of emergent wetland for use by northern pike and 3 acres of rock riffle/pool ( 30 + 3 + 125 = 
158).  
** The likelihood fish are able to pass as determined by the Upper Mississippi River Certified 
Model for Connectivity. 
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Table 2 - Menomonee River Habitat Units 
  Quantity Quality Connectivity Total 

Habitat 
Units HU’s AAHUAlternatives ( acres) (0-1) (0-1) 

Alternative 1 -  - With-Project—Concrete Removal with Riffle/Pool Construction 

Upstream River Channel   100           

     Gravel within 100 acres 30 *           

        Smallmouth bass 30 1 1 30     

        Walleye 30 1 1 30     

                 Mean value  30 1   30 30 30 
Constructed River Channel Riffle 
Pool 3*           

         Smallmouth bass 3 0.6 1 1.8     

         Walleye 3 1 1 3     

                 Mean value       2.4 2.4 2.4 
Riparian Emergent Wetlands  for 
northern pike 125* 0.7 0.6** 52.5 52.5 52.5 

TOTAL 158       85 85 

Alternative 2 - With-Project —Concrete Removal with  Rock Lined Channel 

Upstream River Channel  100           

Gravel within 100 acres 30*           

        Smallmouth bass 30 1 0.4 12     

        Walleye 30 1 1 30     

                 Mean value  30 1 0.7 21 21 21 

Reconstructed Rock Channel  3*           

         Smallmouth bass 3 0.6 0.4** 0.7     

         Walleye 3 1 1 3     

                 Mean value       1.9 1.9 1.9 
Riparian Emergent Wetlands for 
northern pike 125* 0.7 0.2** 17.5 17.5 17.5 

TOTAL 158       40 40 

Alternative 3 – No Action Alternative 

Upstream River Channel  100           

Gravel within 100 acres 30*           

        Smallmouth bass 30 1 0 0     

        Walleye 30 1 0 0     

                 Mean value   1 0 0 0 0 

Concrete Lined Channel 3*           

         Smallmouth bass 3 0 0 0     

         Walleye 3 0 0 0     

                 Mean value       0   0 
Riparian Emergent Wetlands for 
northern pike 125* 0.7 0 0   0 

TOTAL 158     Net 0 0 0  
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7.4     Project Costs 
 
Table 3 summarizes the preliminary project costs associated with each alternative. Preliminary 
costs were determined in FY13 and are presented here in FY13 dollars in table 3a and FY14 
dollars in table 3b.  Costs were updated to FY14 dollars using CWCCIS feature code 06- and 
FY14 interest rate of 3.5%.  The selected alternative was determined, and is evaluated and 
presented using FY14 dollars. The construction cost estimates are included in Appendix C, Cost 
Appendix, pages 10 and 11.  Feasibility Study costs are considered sunk costs associated with 
the development of the project to this point and is part of the non-construction costs in Table 3. 
O&M costs under Section 206 are 100% non-Federal responsibility. Monitoring costs under 
Section 206 are part of the total project cost and cost shared accordingly.  

Table 3a - Preliminary Costs of Alternatives 

2013 dollars, FY13 Interest Rate – 3.75% 

Item Alt 1 Alt 2 

Construction Cost 

Remove Concrete 
w/Riffle-Pool 
Construction 

Remove Concrete 
with Rock Lined  
Channel 

Mobilization & Demobilization $7,300 $7,300 

Demolition $728,300 $728,300 

Earthwork $1,092,300 $750,000 

Channel Construction $2,075,200 $2,002,600 

Control of Water $366,900 $278,500 

Access Rd & Parking Area  $39,000 $39,000 

Liners, Membranes and Fabrics $37,400 $37,400 

     Subtotal $4,346,400 $3,843,100 

     Contingency $651,960 $576,465 

SUBTOTAL  $4,998,360 $4,419,565 

  IDC 1 $47,104 $34,672 

Construction Cost with IDC $5,045,464 $4,454,237 

Non Construction Costs 2 $530,248 $495,018 

Total Costs (less sunk) $5,575,712 $5,949,255 

  Life Cycle O&M & Monitoring Costs $10,227 $9,070 

TOTAL PV OF PROJECT COSTS – FY13 $5,585,939 $4,958,325 
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Table 3b - Preliminary Costs of Alternatives 

2014 dollars, FY14 Interest Rate – 3.5% 

SUBTOTAL Construction Costs $5,083,281 $4,494,652 

  IDC 3  $43,949 $32,352 

Construction Cost with IDC $5,127,230 $4,527,004 

Non Construction Costs  $539,257 $503,428 

Total Costs (less sunk) $5,666,486 $5,030,432 

  Life Cycle O&M & Monitoring Costs $10,401 $9,224 

TOTAL PV OF PROJECT COSTS – FY14 $5,676,887 $5,039,656 
Notes for Table 3 
1 FY 13 dollars and 3.75% interest for 6 months construction for Alt 1 and 5 months for Alt 2 
2 Includes Contingency of 15% and excludes sunk feasibility costs 
3 FY14 dollars and 3.5% interest for 6 months construction for Alt 1 and 5 months for Alt 2 

7.5      Cost Effectiveness (CE) and Incremental Cost Analysis (ICA) 

The CE analysis begins with a comparison of the average costs of each alternative to identify the 
least-cost alternative for every level of environmental output considered. Alternative 1 has a 
lower average cost per habitat unit than Alternative 2 as shown in Table 4.  
 

Table 4 - Cost Effectiveness Analysis  
in 2014 Dollars 

Alternative 

Present 
Value of All 

Project 
Costs  

Total 
Output 
(HU) 

Average 
Cost (HU) 

3 $0 0.0 - 

2 $5,039,656 40.0 $126,000 

1 $5,676,887 85.0 $67,000 
 

After the CE analysis, an ICA is conducted to reveal and evaluate incremental changes in costs 
for increasing levels of environmental outputs. Although ICA does not provide a discrete 
decision criterion, it allows for the comparison of the changes in costs and HUs on which such 
decisions are made. Alternative 1 is compared to Alternative 2 in terms of incremental costs, 
outputs and incremental costs per habitat unit. 
  
Table 5 presents the incremental cost analysis for the evaluated alternatives. Since the No Action 
Alternative entails making no changes, the incremental values are determined from that basis. 
Compared with the No Action Alternative, Alternative 2 would provide 40.0 more HUs for an 
additional cost of $5,039,656, an incremental cost of $126,000 per HU. Alternative 1 would 
provide an additional 45.0 HUs for an additional $637,231, thus, with an associated incremental 
cost of $14,000 per HU. Of the two alternatives, Alternative 1 is relatively more cost effective 
and provides the greatest number of HUs. 
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Table 5 - Incremental Cost Analysis  

in 2014 Dollars 

Alternative 
Total  
Cost 

Incremental 
Cost 

Total 
Habitat 
Units 

Incremental  
Output 

Incremental 
Cost Per HU 

3 $0 N/A 0.0 - - 
2 $5,039,656 $5,039,656 40.0 40.0 $126,000 
1 $5,676,887 $637,231 85.0 45.0 $14,003 

8.0      TRADE-OFF ANALYSIS 

The two alternatives are similar in that each was developed to provide access to more than 80% 
of the main stem habitat in the Menomonee River through elimination of the concrete lining 
which is currently blocking fish passage from Lake Michigan. The primary trade-off between 
Alternatives 1 and 2 is that in Alternative 1 the concrete is replaced by a rock structure formed 
into riffles and pools. This riffle and pool structure slows the flow of water, allowing greater 
passage and provides shelter for habitat. The flows remain high enough in Alternative 2 to be 
obstructive to the passage of northern pike in particular (a target species) and does not provide 
shelter. The no action plan would not increase habitat, or fish diversity and density, in the 
Menomonee River.  
 
9.0      SELECTION OF THE RECOMMENDED ALTERNATIVE  
 
The rock lined channel alternative resulted in flows with velocities that did not provide for the 
upstream migration of targeted fish species.  The riffle and pool design still had segments that 
are at the top end of velocity suitable for upstream movement of northern pike.  This design did 
result in expansion of the floodplain but the project would not provide connectivity and low 
enough velocity for fish passage without the increasing the flood stage relative to existing 
conditions.  The goal of restoration of an urban fishery for social justice was deemed to be of 
such importance that a minor flood stage increase would be mitigated through the acquisition of 
one flowage easement in a parking lot. Prior to construction of the MCGFMF, the parking lot 
was subject to greater flood elevations (100 year elevations as presented in Figure 9 in blue) than 
those indicated with this alternative (Figure 9 in red).  The local sponsor, MMSD, is working 
directly with FEMA, as shown in the correspondence attachments to this report, for this flowage 
easement.  
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     Figure 9 – Floodplain Map 2 - BLUE: FEMA Effective FIS; YELLOW: existing condition, after the    
     construction of the MCGFMF; RED: Current Project 
 

Both Alternative 1 and Alternative 3, the No Federal Action Alternative, are cost effective. 
Alternative 1 was selected as the recommended alternative because it meets all of the evaluation 
criteria by being complete, effective, efficient, and acceptable and offers the greatest benefits 
with a significantly lower cost per habitat unit. Alternative 1 meets the planning objectives of 1) 
providing connectivity to spawning areas, 2) providing habitat and improved water quality, and 
3) providing a more natural river environment.   
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10.0  ENVIRONMENTAL REQUIREMENTS 
 
National Environmental Policy Act (NEPA) of 1969 requires Federal agencies, including the 
USACE, to assess the potential environmental impacts of proposed Federal actions. An EA is 
typically prepared by the USACE to evaluate the effects of a proposed action on the 
environment. The EA was prepared by the Detroit District and its development was coordinated 
with appropriate local, State, and Federal agencies. 
 
After the EA is circulated for public and agency review and comment, a determination will be 
made regarding the need for an Environmental Impact Statement (EIS). If the EA and the public 
review do not reveal significant adverse impacts on the quality of the natural and human 
environment, then a Finding of No Significant Impact (FONSI) could be signed and the project 
implemented. If the EA and public review reveal significant impacts on the quality of the human 
environment, then an EIS may be required. 
 
This project is subject to the requirements of NEPA and the Clean Water Act. Additionally, the 
project has been evaluated pursuant to all appropriate statues, executive orders, and memoranda 
including: Fish and Wildlife Act of 1956; Fish and Wildlife Coordination Act of 1958; National 
Historic Preservation Act of 1966; Clean Air Act of 1970; Executive Order 11593, Protection 
and Enhancement of the Cultural Environment, May 1971; Endangered Species Act of 1973; 
Executive Order 11988, Flood Plain Management, May 1977; and Executive Order 11990, 
Wetland Protection, May 1977.  Project alternatives will be coordinated with the appropriate 
Federal and State agencies for review under each of the appropriate statutes, executive orders, 
and memoranda. 
 
Section 2039 of WRDA directs the Secretary of the Army to ensure that when conducting a 
feasibility study for a project under the USACE ecosystem restoration mission the recommended 
project include a monitoring plan to measure the success of the ecosystem restoration and to 
dictate the direction to which adaptive management, if needed, should proceed. Included as a 
separate appendix to this DPR is a detailed overview of the proposed monitoring and adaptive 
management plan that will be implemented after the project is completed, Appendix F. This 
monitoring plan includes a description of the monitoring activities to be carried out, the criteria 
for ecosystem restoration success, the estimated cost and duration of monitoring. 
 
The Menomonee River Restoration project offers a sustainable solution to the restoration of 
warm water fishery in the Milwaukee River estuary and near shore waters of Lake Michigan.  
Environmental and economic data was analyzed to formulate the recommended alternative. 
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11.0 SUMMARY OF ENGINEERING  
 
The Engineering Appendix (Appendix A) provides a narrative for the project design and 
evaluates the feasibility of implementing the ecosystem restoration project.  The appendix 
includes the development of concrete removal and rock replacement assessments, a conceptual 
design for river restoration, and a feasibility level design that includes the plan, profile, and 
pattern of the Menomonee River through the project area.  Design plans and detailed calculations 
regarding the excavation quantities are also included. 
 
Past construction methods involved utilizing a pump to divert the river around the construction 
area to avoid potential flood impacts and allow for construction in the dry.  In addition, all 
equipment will be removed from the project site during storm events.  Further, construction of 
this project will refer to requirements stipulated in the Section 30 permit from the state of 
Wisconsin.  
 
The proposed action is the replacement of 2,400 LF of concrete paving with riffles and pools 
constructed of rock.  To implement the proposed project, approximately 15,000 square yards 
(SYD) of 8 inch thick concrete channel lining will be broken and removed to a recycling facility. 
Approximately 32,000 cubic yards (CYD) of sediments located on the concrete and up to 3 feet 
below the existing river bottom from beneath the concrete lined channel will be excavated and 
taken to a site permitted to accept this material. 2,800 CYD of filter gravel for bedding will be 
placed and 16,000 CYD of rock/stone will be placed to create a stone lined riffle and pool 
aquatic habitat.  Disposal of materials and/or debris generated in the course of project 
construction will take place in accordance with applicable Federal, State of Wisconsin, and local 
laws.  Sediment testing will occur before concrete removal.  No sediments identified as 
hazardous material have been identified to date within the existing project limits.  All excavated 
soil material will be recycled for mine land reclamation and taken to the MMSD identified Road 
and Construction Materials Facility located approximately 15 miles from the project site at 6401 
S. Racine Avenue, New Berlin, Wisconsin. This disposal site is a disposal for fee site and is 
compliant with all Federal, State and Local permit requirements to accept this material. If the 
construction contractor can find an economically favorable alternative site(s) that is/are suitable 
for disposal of this material, then the contractor will be required to prove to the government that 
they have properly obtained all Local, State and Federal permits required for disposal at these 
alternative sites. Any materials determined to be unsuitable for upland disposal based on further 
sediment testing, will be taken to a Type II landfill with all disposal costs attributed to MMSD.   
 
12.0 SUMMARY OF COST ANALYSIS  
 
The Cost Analysis Appendix (Appendix C) presents the preliminary construction costs for both 
alternatives and the risk adjusted construction cost for the selected alternative, Alternative 1 – 
Concrete Removal with Riffles and Pools. The Total Project Cost Summary, pages 8 and 9 of 
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Appendix C, presents the fully funded, risk adjusted cost for the selected alternative as 
summarized here in Tables 6 and 7. 

Table 6 – Final Costs 
2014 dollars,  

FY14 Interest Rate 

Remove Concrete w/Riffle Pool Construction 
Category Alt 1 
Feasibility Study $275,000
Construction Cost $5,438,000

LERRDs1 $138,000

Planning, Engineering and Design $325,000

Construction Management $64,000
Total Project Costs $6,240,000

   
  PV Monitoring and Adaptive Management2 $26,000
 Operations & Maintenance $10,000

 

Total Project Costs including Monitoring & O&M $6,276,000
1  Land, Easements, Right-of-Ways, Relocations and Disposal sites  
2  Present Value (PV) of monitoring & adaptive management costs calculated using 5 year expenditure schedule and 
FY14 interest rate of 3.5% 

Costs were calculated using the FY14 federal discount rate of 3.5 percent and a 50-year period of 
analysis. All costs are in 2014 dollars.  Table 7 provides the cost apportionment for the selected 
alternative. 

Table 7 - Cost Apportionment 
2014 dollars 

Remove Concrete w/Riffle Pool Construction 

Category Federal Non-Federal Total Cost 

 Feasibility Study 1 $187,500 $87,500 $275,000 

Planning, Engineering and Design $211,250 $113,750 $325,000

Construction Cost $3,534,700 $1,903,300 $5,438,000

Construction Management $41,600 $22,400 $64,000

Subtotal $3,787,550 $2,039,450 $5,827,000

LERRDs 2 $138,000

Total First Costs $6,240,000

Operation & Maintenance $10,000 $10,000

Monitoring and Adaptive Management $21,450 $11,550 $33,000
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1 
Cost shared 50/50 after the first $100,000.   

2 Land, Easements, Right-of-Ways, Relocations and Disposal sites, including tipping fees, to be credited toward non- 
Federal share.  

. 

13.0     REAL ESTATE SUMMARY 
 
A detailed report of the real estate plan can be found in the Real Estate Plan Appendix 
(Appendix E,). 
 
The total land required for the project is approximately 8.35 acres consisting of 4.5 acres of fee 
ownership that will include the modified river and 3.85 acres of temporary easement for work & 
storage as well as access to public roads.   
 
The Local Sponsor, Milwaukee Metropolitan Sewerage District (MMSD), will provide all land, 
easements and rights-of-way, relocations and disposal sites necessary for the construction, 
operation and maintenance of the project. The Project area is shown in Exhibit B of Appendix E 
and it is noted that the northern access point is just north of State Highway 18. 
 
A channel improvement easement over the permanent project lands as well as two temporary 
work and storage areas are required for this project. It is expected that the easements will be 
easily granted. 
 
MMSD has identified the Road and Construction Materials Facility located at 6401 S. Racine 
Avenue, New Berlin, Wisconsin as their primary disposal site for any excavated soils that cannot 
be reused during construction. This site is a disposal for fee site and is compliant with all 
Federal, State and Local permit requirements to accept this material. All tipping fees at this site 
will be viewed as a LERR credit towards MMSD’s cost share. Prior to construction MMSD will 
obtain a temporary work easement for disposal at this site. Any materials determined to be 
unsuitable for disposal at the New Berlin site based on further sediment testing, will be taken to a 
Type II landfill with all disposal costs attributed to MMSD. If the construction contractor can 
find an economically favorable alternative site(s) that is/are suitable for disposal of this material, 
then the contractor will be required to prove to the government that they have properly obtained 
all Local, State and Federal permits required for disposal at these alternative sites. 
 
As part of the study, the government has screened several sites, including the proposed 
commercial facility in Racine identified by the Sponsor, and after evaluation of the potential 
costs, including transportation, permitting, and land, and public and environmental factors, has 
determined that the Racine commercial site is the most cost effective and reliable option readily 
available for the disposal of the clean sediment materials.  The concrete removed from the site, 
will be taken to one of several available recycling facilities, location to be determined. 
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The Corps and MMSD have yet to identify any infrastructure or features that would require 
relocation on this project and relocations are not anticipated in the future. 
 
14.0      CONCLUSION AND PATH AHEAD 
 
One of Wisconsin’s greatest assets is its abundant supply of fresh water and the associated 
resources. Wisconsin’s inland lakes and streams as well as the Great Lakes have experienced the 
effects of development over the past two centuries.  This project will help to restore the natural 
ecosystem on the Menomonee River.  The recommended alternative will connect restored areas 
to allow full utilization of the river’s resources.  The USACE has coordinated work on this 
project with the non-Federal partner (the Milwaukee Metropolitan Sewerage District), U.S. Fish 
and Wildlife Service, SHPO, and the Wisconsin Department of Natural Resources.  The non-
Federal partner and the above-mentioned agencies support the preferred alternative.   
 
The NFS signed a Feasibility Cost Share Agreement on 31 Oct 13 to cost share the remaining 
elements in the DPR at 50/50% Federal to Non Federal costs. 
 
Upon the approval of this DPR, the non-federal sponsor will sign a Project Partnership 
Agreement (PPA) that commits them to 35% of the total project costs. The NFS must supply all 
LERRDs, and assume all operation and maintenance expenses associated with this project. 

The proposed implementation schedule is as follows: 

Table 8 - Implementation Schedule 

ACTIVITY DATE 
Sign the Project Partnership Agreement July 2014 
Ready to Advertise July 2014 
Contract Award September 2014 
Notice to Proceed October 2014 
Construction Complete November 2015 

 

15.0       RECOMMENDATION 

I, Lieutenant Colonel Robert J. Ells, Detroit District Commander, have given consideration to all 
significant aspects in the overall public interest for this project. Those aspects considered include 
environmental, social, and economic effects; engineering feasibility; and any other elements 
bearing on this recommendation. 
 
I recommend Alternative 1 – Concrete Removal with Riffles and Pools be authorized for 
implementation as a Federal project, with such modifications thereof as in the discretion of the 
Commander, USACE may be advisable.  Based on 2014 price levels, the estimated project first 
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cost is $5,991,000 which includes a total present value of $6,240,000, and the present value of 
monitoring and adaptive management costs of $26,000 and excludes the sunk study costs of 
$275,000.  In accordance with the cost share provisions in Section 103(c) of the Water Resources 
Development Act of 1986, as amended (33 U.S.C. 2213(c)), the Federal share of the project first 
cost is estimated to be $3,894,000 and the non-Federal share is estimated to be $2,097,000 based 
on the 65 percent Federal and 35 percent non-Federal cost share provision. The non-Federal 
costs include the value of lands, easements, rights-of-way, relocations of $138,000. 
 

Table 9 - Project Costs for the Recommended Plan, FY14 

Federal Cost Non-Federal Cost Total Project Cost 

$3,894,000 $2,097,000 $5,991,000 
Note: Costs rounded to the nearest thousand. $6,240,000 + $26,000 = $6,266,000 minus sunk costs of $275,000 = 

$5,991,000 

I understand that the non-Federal partner for this project, the Milwaukee Metropolitan Sewerage 
District, Milwaukee, Wisconsin, shall, prior to implementation, agree to provide the required 
items of cooperation. This includes providing all lands, easements, rights-of-way, relocations of 
utilities or interfering infrastructure, and providing disposal areas for excavated material. I also 
understand that the non-Federal partner agrees to hold the United States and its contractors free 
of damages and liability as outlined in the Project Partnership Agreement between the Corps and 
the Milwaukee Metropolitan Sewerage District, to be signed prior to construction. 
 
 
 

 
 
      Robert J. Ells      
      Lieutenant Colonel, U.S. Army 
      District Engineer 
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1. Purpose	and	Scope	
The feasibility study evaluates the potential for Federal interest in existing watershed problems 

associated with ecosystem and environmental restoration in the Menomonee River.  The engineering 

appendix supports the feasibility study investigations and provides engineering evaluations of 

implementing an ecosystem restoration project on the Menomonee River, Milwaukee, WI, under 

Section 206 of the Water Resources Development Act of 1986, as amended.  

The scope for this project includes engineering services to develop a feasibility level design that contains 

a plan and profile of the Menomonee River with several alternatives.  The goals of this project are to: 

 Remove approximately 2,400‐feet of concrete lined channel 

 Provide fish passage and resting areas during low‐flows and fish refuge zones during higher 

flows 

 Maintain or decrease the water surface elevations  

The ecosystem restoration and water surface elevation goals on the Menomonee River can be found in 

the Environmental and Hydraulic & Hydrology Appendices. 

2. Project	Background	and	Study	Site	Description	
The lower Menomonee River currently has a concrete lined channel in the reach between I‐94 

(approximately river mile 3.65) and just upstream of the Canadian Pacific Railroad Bridge (approximately 

river mile 4.259).  The channel is trapezoidal in shape and is lined with limestone floodwalls, which were 

constructed by the Works Progress Administration (WPA) is the 1930s.  While the system currently 

serves its functions of conveying flood flows and reducing flow water surface elevations, the concrete is 

deteriorating as it approaches the end of its design life and high flow velocities and shallow flow depths 

impede fish migration between Lake Michigan and the upper portions of the watershed.   

The Milwaukee Metropolitan Sewerage District (MMSD) has constructed and/or planned multiple 

projects within this stretch of river to address the issue.  In 2000, MMSD rehabilitated part of the 

Menomonee River with the Drop Structure Removal Project by removing a low‐head dam and the 

concrete lining within the channel.  Expected to break ground in 2013, MMSD has planned the removal 

of the middle segment of the concrete channel. 

In a partnership agreement, MMSD has requested the USACE provide engineering assistance in a cost 

sharing agreement for the lower section of the Menomonee River.  The area of focus lies on the 

downstream portion of the concrete lined channel between the West Bluemound Railroad Bridge and I‐

94.  This reach of the Menomonee River is approximately 2,400‐feet and will be the last of the concrete 

lined channel removed.  Concrete removal efforts will need to be coordinated with the upstream 

project. 
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3. Past	Studies	
The project builds upon the Menomonee River Watershed rehabilitation and flood risk reduction 
projects described below.   

3.1 Drop	Structure	Removal	(2001)	
MMSD removed a 4‐foot drop structure near the North 43rd Street and the Menomonee River and 

replaced approximately 1,500‐feet of concrete channel with rock to imitate a more natural riverbed.  

This was the first major project on the Lower Menomonee River to improve fish passage and reduce 

flood levels. 

3.2 Valley	Park	Floodwall	Project	(2001)	
The Valley Park Floodwall was constructed in 2001 to protect the Valley Park neighborhood, near the 

focus of this study, after two major flooding events in 1997 and 1998.  The floodwall was designed with 

FEMA required freeboard for levee certification. Therefore, the design cannot change the area’s water 

surface elevations for a 100‐year event.  

3.3 Milwaukee	County	Grounds	Floodwater	Management	Facility	(2011)	
The Floodwater Management Facility was a major flood management project that is capable of diverting 

up to 4,000‐cfs during the 100‐year event from Underwood Creek, an upstream tributary of the 

Menomonee River, into a large detention basin.  The project reduced current regulatory flood flows in 

the Valley Park from 16,600‐cfs to 15,000‐cfs and a 1.1‐foot drop for the 100‐year flood event. 

3.4 Menomonee	River	Stream	Management	Project	(Planned	2013)	
MMSD has planned to remove approximately 1,100 feet of concrete lined channel in the Menomonee 

River and place it with a more natural rock bottom.  The intent is to provide for fish passage and resting 

areas as well as reduce the water surface elevations during a 100‐year event.  The reach stretches from 

the Canadian Pacific Railroad Bridge (river mile 4.256, a.k.a. the “middle” railroad bridge) to the 

downstream of the West Bluemound Road Bridge (river mile 4.057), which is also the upper limit of the 

study focus.   

4. Existing	Data	

4.1 Topography	and	Survey	Data	
MMSD provided Menomonee River survey data to USACE on 20NOV12. The survey was collected in 

November 2012 and includes the Upper Canadian Pacific Railroad Bridge all the way down to the 

downstream limit of this project. The data provided is more detailed upstream of our project, limiting 

this projects survey information to the WPA walls and river channel. Detailed topographical maps dated 

May 2010 were also available for the entire project area. However, the maps did not have accurate 

elevation data and only provided flat topographical lines. Using both the topographical maps and the 

survey data USACE was able to create cross‐sections and complete all required analysis. The plan view 

with stationing developed for the site is located in Attachment 1. The vertical datum control for all 
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survey and topographical information was set to National Geodetic Vertical Datum of 1929 (NGVD29). 

The horizontal datum control was set to the North American Datum of 1927 (NAD27).  

4.2 Boring	Logs	and	Lab	Data	
MMSD kept a good record of historical borings and lab data within the project area and provided them 

to the USACE. The drilling dates on the borings range from 1953 to 2001 and were collected by a wide 

range of Contractors. MMSD’s historical borings for this project are provided in Attachment 2. Please 

note that the boring locations shown on the provided location map are not completely accurate and 

should be checked utilizing the coordinates provided on the boring logs prior to making location 

assumptions.      

Design soil parameters were based on the geotechnical investigation completed by K. Singh & Associates 

in 2000. The assumed soil parameters shown in Attachment 3 were determined using the available lab 

data for cohesive soils and blow count correlations for non‐cohesive soils. Strategically located soil 

borings shall be collected during the next project phase to ensure accuracy of the design. The lab data 

shall provide sufficient information to analyze slope stability, bearing capacity and wall stability.   

The following descriptions provide a generalized depiction of the overall soil conditions existing within 

this project area based off the historical soil borings. The soil borings should be referenced for a more 

specific and detailed description of an areas soil characteristics. All soil boring elevations are provided in 

the MMSD Datum (0 MMSD = 580.78 NAVD 1988). 

Concrete Channel Section  

In conjunction with local partners, the USACE developed a contract with Altech Environmental Services, 

Inc. in 2001 that collected fourteen borings (Boring No’s. MENO106‐MENO122) within this project’s 

paved concrete river channel utilizing a 4 and 6 inch diamond drill. The purpose of the contract was “to 

physically and chemically characterize the sediment underlying the concrete riverbed in order to 

determine removed material placement options and to evaluate the chemistry of the newly exposed 

river bottom”. A second purpose was to determine the compressive strength of the concrete to provide 

information related to the concrete removal operations. The thickness of the concrete channel ranged 

from 6 to 10 inches and steel rebar was present at all boring locations. The compressive strength of the 

concrete ranged from 5,830‐6,340 psi. The soils sampled beneath the concrete liner tended to be more 

fine grained north of Boring Number MENO110 with more silts than sands. The soils further south 

tended to be more granular in nature with more sand than silts and clay. The report states that gravel 

and cobbles were discovered at all locations within the project limits. (Sampling and Analysis 2001) 

Outside WPA Walls 

The general stratigraphy of the river channel’s surrounding soils on the east side of the river remained 

rather consistent throughout all of the borings collected by K. Singh & Associates, Inc. in 2000. These 

borings were collected in 1999 during the design of the Valley Park Floodwall project and were drilled 

along the footprint of the floodwall on the eastside of the river. The first 6‐18 ft (Ground Surface Elev. 

Ranging from +602.13 to +605.78 NAVD 1988) of soil encountered tended to be fill material consisting of 
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poorly grade sand (SP) with gravel and silt.  The second layer of soil varied between approximately 5 ft 

of well graded gravel (GW), 3‐12 ft of silty clay, or 8‐14 ft of silty sand (SM). The final layer of soil usually 

consisted of poorly graded sand (SP) extending down to approximately 32‐36 ft, in depth. Most borings 

collected by K. Singh & Associates, Inc. terminated prior to bedrock at approximately 30 ft, in depth. 

Therefore, the bottom layer of soil for analysis purpose was assumed to extend an additional 2‐6 ft 

down to an assumed bedrock depth of +570.48 NAVD 1988. Based on the results of other historical 

borings located in the vicinity the depth of bedrock varies between +558.68 and +577.18 NAVD 1988.  

Water was encountered at approximately +587.28 NAVD 1988. 

4.3 Utilities	
Wisconsin’s Diggers Hotline was able to locate a couple utilities within the limits of the project area. A 

forcemain sewer siphon structure with an approximate top of structure elevation of 581.0 ft NAVD 1988 

was located near station 23+00. The lowest top of concrete apron elevation at station 23+00 was 

determined to be approximately 584.8 ft NAVD 1988 providing a minimum clearance of approximately 

3.8 ft. Extreme caution shall be taken when excavating and traversing with construction equipment 

above the siphon structure. The design shall provide scour protection near the siphon structure. As‐built 

plans were obtained for the siphon structure and are provided in Attachment 4.  Secondly, an inline 

storage system that provides additional water storage during wet weather events was located at the 

very downstream limit of the project. The structure is essentially a deep tunnel structure  that is located 

approximately 300 ft below the ground surface. Therefore, this structure will not likely interfere with 

this project. An aerial map that displays the locations of these two structures was included in 

Attachment 4. 

The Feasibility Report drafted in February of 2004 for this project indicated that an electrical line 

encased in 3 ft – 4 in diameter conduit piping is located approximately 3 ft below the top of concrete 

apron at the centerline of the channel. The electrical line is believed to run along St. Paul Street and 

cross the river at approximately station 15+00. Diggers Hotline was unable to confirm the existence of 

this electrical conduit without field verification. Extreme caution shall be taken when excavating and 

traversing with construction equipment above the conduit. The design shall provide scour protection 

near the conduit.  

5. Development	of	Design	
Due to past and current projects on the Menomonee River, MMSD has requested that the design be 

congruent with upstream designs in order to have seamless transitions between reaches.  This section of 

the report provides documentation of design choices related to all three feasibility level alternatives.  

5.1	Stone	Sizing	
Rock sizes for the channel were calculated using the flows and velocities developed from the HEC‐RAS 

model for a 100‐year flood event.  

For D50, the results varied from 1.44‐ft to 2.85‐ft with a median of 2.05‐ft for the three calculations (see 

Attachment 5 for rock sizing results). The United States Geological Survey (USGS) method provided the 
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largest D50 value of 2.85 ft. The National Engineering Handbook indicates that the USGS stone sizing 

method is overly conservative. When researching the upstream projects, a D50 of 2.5‐ft was used. It 

appears that the upstream channel experiences a higher shear stress than our reach due to the 

increased slope upstream.  It is also important to note that the rock upstream has remained stable over 

the past decade, and when combined with our calculations it appears that a D50 of 2.5‐ft is still 

appropriate. Therefore, the stone gradation that was specified for the upstream project’s Grade II grade 

control base (shown in Table 1) shall also be used for this project.  

Size  Appox. Stone Weight (lbs)  Percent Smaller (by weight) 

48”  925  100 

42”  850  90 

30”  600  50 

24”  475  25 

18”  360  15 

12”  125  10 
Table 1: Grade II GCB Stone Gradation 

5.2	Sediment	Excavation	and	Disposal	
An Environmental Site Assessment was conducted which no revealed no CERCLA sites in the project 
vicinity.  In addition, sediment sampling and analysis was conducted.  No HTRW regulated waste 
materials were detected underneath the concrete located within the proposed project area.  The soil 
under the concrete is suitable for upland placement. It is anticipated that the excavated material would 
be taken to the Road and Construction Materials Facility located approximately 15 miles from the 
project site at 6401 South Racine Avenue, New Berlin, Wisconsin.  This disposal site is a disposal for fee 
site and is compliant with all Federal, State and Local permit requirements to accept this material. 
Additional sediment sampling will be conducted during the construction phase to confirm the 
classification of the soils on site.  If any soils contain HTRW regulated material, the soil will be disposed 
of at a type II landfill (such as the Waste Management Facility located at 2101 W. Morgan Avenue, 
Milwaukee, Wisconsin) with the 100% of the cost of soil removal and disposal attributed to the non‐
Federal sponsor.  

5.3	Slope	Stability	
The limestone WPA floodwalls constructed in the 1930’s extend approximately 4.5 to 11 feet from the 

top of the concrete lined channel. A 3.5 ft wide by 4 ft deep continuous concrete grade beam was 

constructed on the interior side of the WPA wall in 1965 to allow for excavation of the channel during 

the 1965 MMSD project that lowered the river bottom and installed the concrete channel lining. The 

concrete grade beam has 10 inch battered H‐piles embedded into it that extend 14 feet into the soil at a 

spacing of 5 ft. Due to the unknown condition of the submerged H‐piles, they were conservatively 

neglected for the analyses of the slope stability.  Most areas on this project have soil sloping upwards 

behind the WPA walls causing an unrestrained slope. A deep‐seated slope stability analysis was required 

for this project because material in front of the concrete grade beam will be removed during 

construction and replaced with riprap. Deep‐seated slope instability or global instability consists of a 

large volume of soil shearing and rotating along a failure surface generally conforming to a circular arc.  

Near surface stability issues are not likely to occur because the constructed channel slopes are relatively 
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flat and are stabilized with large rip‐rap. In addition, during construction the soil behind the WPA walls 

will not be disturbed.   

The deep‐seated stability analysis was completed on this project using SLOPE/W Version 7.7 software 

developed by GEO‐SLOPE International Ltd. The analysis was completed for both “during construction” 

and “post‐construction” conditions. The locations selected for analysis were worst‐case scenario for 

stability based off the soil borings, water table and cross‐sections created from the survey. The soil 

profiles were developed utilizing the nearest boring(s). The closest borings with lab data appropriate for 

slope stability analysis were located approximately 50 to 450 ft away from the station centerline for the 

cross section being analyzed. The excessive distance between the boring locations and the cross sections 

being analyzed caused a potential for erroneous soil parameter assumptions. For the Feasibility Stage 

analysis, it was assumed that similar soil characteristics will exist at the locations being analyzed. It is 

recommended that soil borings be collected during the Design & Implementation Phase. 

Rapid drawdown conditions were assumed to have a minimal effect on the results of the slope stability 

analysis because the clay layers are primarily located beneath the piezometric line.  The soils above the 

piezometric line that are susceptible to rapid drawdown consist primarily of free draining, sands. 

Therefore, effective stress parameters were utilized for this analysis. 

Factors of safety for slope stability analysis are governed by the uncertainty involved in the parameters 

such as shear strength and pore water pressures that affect the calculated value of factor of safety and 

the consequence of failure. The analysis incorporated several conservative measures including modeling 

the retaining wall as stone without a concrete or grout binder, neglecting the embedded h‐piles, and 

modeling the highest walls and steepest slope locations. On the other hand, there is uncertainty about 

the accuracy of the soil profile and properties that were utilized in the analysis due to the distance 

between the boring location and cross section being analyzed. EM1110‐2‐1902 recommends that a 

minimum factor of safety of 1.3 be used for end‐of‐construction conditions (including staged 

construction). For the purpose of this analysis, a minimum factor of safety of 1.3 and 1.5 was used for 

during construction and post‐construction activities, respectfully. A lower minimum factor of safety was 

utilized for during construction activities because of the limited exposure time.  

The stability at the right bank (looking downstream) at Station 2+00 was the first to be analyzed. The soil 

behind the WPA is the steepest in this area and the WPA wall stickup height is near the highest. The 

WPA wall height in this area is approximately 8.5 feet above the top of the concrete grade beam. The 

slope behind the WPA wall is approximately 2.25H:1V for 41 ft horizontally and then flattens out. The 

slope is densely populated with large diameter trees. A fence and asphalt parking lot with frequent 

tractor‐trailer loadings are located at the top of the slope. A warehouse structure is located within 40 

feet from the top of the slope. Due to the rather steep slope behind the WPA wall, the cross section was 

first analyzed assuming that only the concrete apron from the channel was to be removed and that no 

surcharging from the asphalt parking lot, tractor‐trailers, trees or warehouse was present. This cross 

section did not satisfy required factor of safety during and after construction. Therefore, precautions 

had to be taken to ensure slope stability issues would not occur in this area. The Value Engineering (VE) 

team was made aware of this issue on 07JAN13 so that they could work to find a solution. The solution 
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that was developed was a permanent solution to stabilize the slope by driving steel sheet pile (SSP) at 

the joint located halfway up the concrete apron slope, as shown in Figure 1. The proposed solution from 

the VE team will not be implemented unless the soil information collected during the Design & 

Implementation Phase indicates that permanent slope stability measures will be required.  

 

Figure 1: VE Proposal to Stabilize Slope Behind WPA Wall 

A summary of the slope stability analysis at various stationing can be found in Table 2. For more detailed 

information on the stability analysis, see Attachment 6.  

Station  Min Req’d F.O.S.  Actual F.O.S. 

0+50 LS (During Construction)  1.3  1.360 

0+50 LS (Post Construction)  1.5  1.717 

2+00 LS (During Construction)  1.3  1.414 

2+00 LS (Post Construction)  1.5  1.977 

2+00 RS (During Construction)  1.3  1.180 

2+00 RS (Post Construction)  1.5  1.477 

8+00 RS (During Construction)  1.3  1.069 

8+00 RS (Post Construction)  1.5  1.350 

11+00 RS(During Construction)  1.3  0.952 

11+00 RS(Post Construction)  1.5  1.516 

12+00 RS(During Construction)  1.3  0.811 

12+00 RS(Post Construction)  1.5  1.612 

15+00 RS(During Construction)  1.3  0.628 

15+00 RS(Post Construction)  1.5  0.998 
Table 2: Slope Stability Analysis Results 

The results of the slope stability analysis indicate that stabilization of the slope during construction will 

likely be required on the right side (looking downstream) from station 0+00 to 16+00. Extreme caution 

should be taken to avoid damage to the electrical conduit near station 15+00. Upon installation of the 

rip‐rap, the analysis indicates that the factors of safety will not exceed the post construction factor of 

safety requirement of 1.5 at stations 2+00 on the right side (looking downstream), 8+00 on the right side 
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(looking downstream), and 15+00 on the right side (looking downstream). However, a very conservative 

approach was taken by neglecting the support provided by the h‐piles and the difference between the 

calculated and required factor of safety at station 2+00 on the right side (looking downstream) is 

considered negligible. Therefore, the temporary shoring can be removed upon installation of the riprap 

given the assumed soil parameters are accurate. The method and means of installation of the temporary 

shoring will be the responsibility of the Contractor. The Contractor shall not modify the WPA wall during 

installation of the temporary shoring. Permanent support of the slope shall be provided at station 15+00 

on the right side (looking downstream)due to weak soils in the area.   

If the actual excavation line will differ from what was assumed, this analysis shall be recomputed to 

ensure adequacy.   For example, this analysis assumed that no concrete infill would be required at the 

toe of the concrete grade beam. If the concrete infill was deemed necessary, the excavation line would 

be lowered which would reduce the factor of safety and potentially cause failure. 

5.4	Bearing	Capacity	
Based on subsurface conditions encountered in the borings within the proposed channel excavation 

limits as well as expected soil conditions for the area, the net allowable bearing stress of 3,250 psf is 

used for the design of the channel (see Attachment 7 for calculations).  The recommended maximum 

net allowable bearing stress incorporates a safety factor of 3.0.  To verify the existence of suitable 

subsurface conditions, materials should be observed and tested.  All foundation subsoil should be 

undisturbed native soils, which should exhibit a minimum unconfined compressive strength of 800 psf. 

Due to the amount of assumptions being made for the soil parameters and profile, it is recommended 

that borings be strategically obtained during the Design & Implementation Phase for this project. All 

bearing capacity calculations shall then be updated to ensure adequacy.  

5.5	SSP	Wall	Analysis	
In areas where instability was believed to occur, the slope and WPA wall will likely have to be stabilized 

by installing either a temporary or permanent SSP wall, as shown in Figure 1. An analysis of the required 

embedment depth of the SSP was necessary because of the unequal loadings placed on each side of the 

wall. The support being provided by the WPA wall and embedded h‐piles was conservatively neglected 

for the analyses due to its unknown condition. The SSP was assumed to be positioned at the joint in the 

concrete apron located halfway up the slope. The analysis was completed by utilizing a computer 

program called CWALSHT. The right side (looking downstream) of Station 8+00 was the governing cross 

section. Boring VP‐B5 was utilized to develop the soil profile because it was the nearest available boring 

log. The required embedment depth at Station 8+00 was computed to be approximately 23.78 feet for a 

wall bottom elevation of 559.72 ft NAVD 1988. Historical borings indicate that top of bedrock elevations 

vary between 558.7 and 577.2 ft NAVD 1988. There is the potential that bedrock will prohibit the SSP 

from being driven down to the required embedment depth, in this area.  

This design approach is considered conservative because the WPA wall and h‐piles are currently 

supporting the loading from the slope in its existing state. If the soil and concrete between the WPA and 

SSP wall remain undisturbed the only loading requiring support will be the soil and concrete between 
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the WPA and SSP wall. Therefore, as long as the embedment depth of the SSP wall exceeds 5 feet and 

the WPA wall and h‐piles are adequately supporting the slope, the structure should remain stable. 

 

Station  Req’d Embedment Depth 
(FT) 

Elevation  
(FT NAVD 1988) 

0+50 LS  2.94  582.06 

2+00 LS  2.91  582.09 

2+00 RS  2.91  582.09 

8+00 RS  23.78  559.72 

11+00 RS  9.69  573.81 

12+00 RS  9.06  574.04 

15+00 RS  12.40  570.70 
Table 3: SSP Wall Analysis Results 

All embedment depth computations shall be recomputed upon receipt of any additional soil information 

to ensure adequacy. The output files from the CWALSHT analysis can be found in Attachment 8. 

5.6	WPA	Wall	Stability	
The WPA walls that were constructed in the 1930’s are considered an earth retaining structure. The wall 

was designed to provide permanent lateral support to a near vertical slope of soil. The structure is 

considered “historical” and its degraded condition is a clear indication of the structures age. As 

mentioned previously, the structure was modified in 1965 with the addition of a concrete grade beam 

with embedded h‐piles to provide support during the construction of the concrete apron. To ensure 

stability, both overturning and sliding of the structure were analyzed for during construction conditions 

on this project. The embedded h‐piles were conservatively neglected for this analyses and will only 

provide additional support with regard to wall stability. 

The sliding analysis factor of safety at station 2+00 was slightly below the required value of 1.5. This area 

was critical with respect to wall stability because the wall height is highest and the soil sloped behind 

the wall is steepest. Additionally, the underlying soil consists of poorly graded sand that provides 

minimal friction resistance to sliding of the structure. An additional analysis was computed which 

represented the post construction cross section to determine whether the additional passive resistance 

provided by the riprap being placed in front of the concrete grade beam would be sufficient to eliminate 

any instability due to sliding. The installed riprap provides enough resistance to raise the factor of safety 

above the required value of 1.5. Therefore, temporary shoring will be required to eliminate the potential 

for sliding of the WPA wall near station 2+00 on the right side (looking downstream). All other cross 

sections analyzed satisfied the minimum factor of safety requirements of 2 and1.5 for overturning and 

sliding, respectively.  
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Station  Min Req’d F.O.S.  Actual F.O.S. 

0+50 LS  2  7.0 

2+00 LS  2  7.3 

2+00 RS  2  5.2 

8+00 RS  2  7.3 

11+00 RS  2  11.1 

12+00 RS  2  10.2 

15+00 RS  2  12.1 
Table 4: WPA Wall Stability ‐ Overturning Results 

Station  Min Req’d F.O.S.  Actual F.O.S. 

0+50 LS  1.5  1.77 

2+00 LS  1.5  1.86 

2+00 RS  1.5  1.31 

2+00 RS Post Construction  1.5  1.82 

8+00 RS  1.5  3.34 

11+00 RS  1.5  2.33 

12+00 RS  1.5  2.12 

15+00 RS  1.5  1.59 
Table 5: WPA Wall Stability ‐ Sliding Results 

All wall stability calculations shall be updated upon receipt of any additional soil information to ensure 

adequacy. The wall stability calculations can be found in Attachment 9. 

5.7	Bridge	Crossings	
To achieve the project goal of providing fish passage and resting areas during low‐flows and fish refuge 

zones during higher flows, it was determined that the concrete apron underneath the I‐94 bridge had to 

be removed. The Wisconsin Department of Transportation(WisDOT) was contacted to determine if their 

bridge structure would be impacted if the concrete apron was removed beneath it. WisDOT requested 

that the HEC‐RAS model be submitted to them and that a scour analyses be completed prior to their 

approval. WisDOT approved the project plan on 25FEB2013. 

To promote continuity of the river cross section the Canadian Pacific Railroad Company was also 

contacted with regard to removal of the concrete apron beneath their bridge structure. Canadian Pacific 

Railroad Company approved the project plan on 19OCT2012. 

Any changes made to the design of the project that impact either bridge crossings shall be 

communicated with the appropriate stakeholder. The point of contact for the I‐94 bridge is Matthew 

Allie with WisDOT who can be contacted at (608)266‐8483 or matthew.allie@dot.wi.gov. The point of 

contact for the railroad bridge is Derek Harter with Canadian Pacific Rail Company who can be contacted 

at Derek_Harter@cpr.ca. 

The emails containing the bridge owners approval of the project plan can be found in Attachment 10. 



Menomonee River Restoration 
Appendix A – Engineering Appendix 
 

11 
 

5.8	River	Restoration	Alternatives	
For this study, three alternatives were devised.  Alternative 1 and 2 include removal of the concrete 

channel, while Alternative 1 incorporates a riffle‐pool design into the reach. Alternative 3 is the “No 

Action” plan and does not meet the sponsor’s criteria. 

	Alternative	1:	Remove	Concrete	Channel,	Add	Riffle‐Pool	Design,	and	Add	Riprap	Revetment	
Alternative 1 consists of the removal of the concrete channel between the WPA walls and replacing it 

with a rock‐lined channel.  However, Alternative 1 will incorporate a riffle‐pool design throughout the 

reach, riffle anchor practices, resting benches, as well as a slight meander.  By removing the concrete 

liner between the WPA walls, this allows the low flow channel to meander back and forth between the 

walls.  With increased roughness from the large boulders and a meandering channel, the flow velocities 

will be reduced and additional refuge sections of varying widths will exist on both sides of the channel.   

The low flow channel is designed to have riffles that are approximately 4‐feet wide at the bottom of the 

channel and approximately 20‐feet at the top with 2.5H:1V side slopes (see Figure 1).  The anchor 

functions much like a cross‐channel log in a natural channel and helps moderate depth and grade 

upstream, while also creating small pools downstream (see Figure 2). 

 

 

Figure 2: Typical Riffle Cross Section 
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Figure 3: Riffle Anchor Practice Detail 

The reach will also contain pools that are wider and deeper when compared to the riffles.  Combined 

with boulders placed within the channel, there will be suitable habitat for northern pike during low 

flows, while the boulders also provide resting spots during higher flows. 

Above the low flow channel will be a stone‐lined bench.  This rock‐lined section of the channel will form 

an approximate 20‐foot bench to one side of the low flow channel; however, the length and slope will 

vary depending on where there thalwag is placed.  Its function is to provide habitat that allows fish to 

rest and then swim to the next resting structure.   

Alternative	2:	Remove	Concrete	Channel	and	Add	Riprap	Revetment	
The traditional approach to fish passage in urbanized streams is to increase roughness by replacing the 

concrete channel with large boulders that will not move with shear stresses experienced during large 

flood events.  Thus, Alternative 2 will consist of the removal of the concrete channel between the WPA 

walls and replacing it with a rock‐lined channel.  The focus area is a reach that starts downstream of the 

West Bluemound Road Bridge and extends downstream to the Canadian Pacific Railroad Bridge, 

approximately 2,400‐feet in length.  For this alternative, the rock‐lined channel will contour with existing 

grades, which eliminates some excavation when compared to Alternative 1, but also provides less of an 

ecological benefit.  See Figure 4 for the typical cross section.  
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Figure 4: Typical Cross Section 

Alternative	3:	No	Action	
Not implementing a stream restoration will have environmental impacts.  If the channel remains, the 

following impacts will occur: 

 The river would continue to inhibit fish passage, as the high flow velocities remain unchanged. 

 Flood level elevations will remain unchanged. 

 Concrete channel will continue to degrade, prolonging maintenance costs. 

In essence, the No Action alternative will result in 2,400‐feet of the Menomonee River concrete channel 

degrading causing an economic burden on MMSD with concrete repairs, while also continuing to inhibit 

fish passage by preventing the upstream migration of fish that cannot handle the high flow velocities.   

6. Constructability	

6.1 Groundwater	Issues	
The soil underlying the concrete lined channel appears to be primarily permeable sands on the south 

side of the project. Since excavation will occur below the groundwater table, dewatering will be 

required in some areas. Groundwater removal can be accomplished by using centrifugal pumps pumping 

from shallow sump pits.  

6.2 Soil	Conditions	
All earthwork and foundation subgrades shall be observed and tested by an experienced geotechnical 
engineer, or technician under a geotechnical engineer’s supervision, to determine if the soil and 
groundwater conditions encountered are consistent with those anticipated in this report. Foundation 
subsoils should be tested for adequate bearing conditions, and should meet minimum strength 
requirements discussed previously. 
 
Cohesive soils can become disturbed by repeated passages of heavy construction traffic, especially in 
the presence of rainwater or groundwater. Traffic and exposure to water should be minimized on clay 
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subgrade soils to the extent possible. Disturbed subgrade soils shall be overexcavated and replaced with 
engineered fill. 

6.3 Working	Near	WPA	Wall	
Extreme caution shall be taken when working near the WPA wall due to its deteriorated conditions. 

Vibrations caused by construction activity including vibratory driving SSP should be limited and 

monitored to ensure further deterioration of the WPA walls does not occur.   

6.4 Placement	of	Rock	
Riprap should be placed in a systematic manner.  Rock should typically be placed from the lowest to the 

highest elevation to allow gravitational forces to minimize void spaces and help lock the rock matrix 

together.  It is important that riprap be placed at full course thickness in one operation to minimize 

segregation of rock sizes and avoid displacing underlying material.  Final grade of the slope should be 

achieved as the material is placed.  Care should be taken not to segregate or group material sizes 

together during placement.  Allowing the stone to be pushed or rolled down slope will cause stone size 

segregation.  See ASTM D6825 for placement of riprap revetments. 

Special purpose equipment such as clam shells or orange peels provide the best placement and most 

compact layers of riprap. Bulldozers and front‐end loaders are discouraged for placement of riprap. 

Bulldozers have the tendency to ruin the integrity of the interlocked rock layer and front‐end loaders 

have poor visibility, which creates placement problems for the operator, since riprap cannot be spread 

like soils and aggregates. 
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Station Boring Used

Approx. Distance 
Between Boring 

and Station 
Centerline 

(ft)

Bottom 
Elevation

(ft) 
(NAVD 1998) Soil Classification

Unit Weight
(pcf)

c
(psf)

Φ
(°)

Ave. N 
Value

Ave. W 
(%) qu (tsf) LL PL

P.P. Sieve 
200

0+50 VP-B7 450 597.8 Fill - Sand & Gravel 125 0 30 3.3 8.4
587.4 SP 125 0 36 30.7 5.2

Bed Rock SC 125 800 34 38.5 9.5

2+00 VP-B7 250 597.8 Fill - Sand & Gravel 125 0 30 3.3 8.4
587.4 SP 125 0 36 30.7 5.2

Bed Rock SC 125 800 34 38.5 9.5

8+00 VP-B5 135 591.1 Fill - Sand & Gravel 125 0 35 22.0 5.2
579.1 CL w/silts 120 1003 0 16.3 19.6 2.666667 33 14 34.8

Bed Rock SP 125 0 33 18.0 20.7

11+00 VP-B4 175 591.8 Fill - Sand & Gravel 125 0 30 4.3 16.6
584.3 SM 120 0 35 17.0 9.8

Bed Rock SP 125 0 30 36.0 18.4 20.2

12+00 VP-B4 180 591.8 Fill - Sand & Gravel 125 0 30 4.3 16.6
584.3 SM 120 0 35 17.0 9.8

Bed Rock SP 125 0 30 36.0 18.4 20.2

15+00 VP-B3 50 595.2 Fill - Sand & Gravel 125 0 32 4.5 10.85
587.7 SW 125 0 34 17 3.5
583.2 CL 125 200 0 3 24
577.2 SM 120 0 33 10.5

Bedrock CL 120 750 0 12.5 19.45 0.75
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Contents Mat'l %S ɣ (psf)

CAP-206-MENOMONEE, WI SP‐SM

Water Table SP‐SM

Soil Strength Data LS Limestone SP‐SM

TS Topsoil SM DAS pg80 EQN 2.14 EM1110‐1‐1905, EQN 3‐3b

SP‐SM

Computed by: TCS Date: 6‐Dec‐12 GP‐GM

Checked by: Date: Average Moist Unit Weight: #DIV/0!

Pa= 2000 psf

CN ≥ 2

Boring Sample Class Depth (ft)

Nspt 

(field)

Thickness of 

Layer (ft) C (psf) Phi (deg)

ɣd            
(initial) 

psf e w% S%

ɣ         

psf

σvo  (psf) 

to center 

of layer CN

Corrected 

Blow Count   

N60 =CNNspt

Relative 

Density   

Dr %


(deg)

dry

(pcf)
e

VP‐B5(PZ‐3) 1 FILL (SP) 0‐2.5 26 2.5 125.0 156 2.0 52 93 40 126 0.27

VP‐B5(PZ‐3) 2 FILL (SP) 2.5‐5 11 2.5 125.0 469 2.0 22 61 35 114 46.00

VP‐B5(PZ‐3) 3 FILL (SP) 5‐7.5 29 2.5 6.6 125.0 781 1.6 46 88 39 121 0.39

VP‐B5(PZ‐3) 4 FILL (SP) 7.5‐10 22 2.5 3.7 125.0 1094 1.4 30 70 36 117 0.43

VP‐B5(PZ‐3) 5 CL 10‐12.5 11 2.5 3000 26.2 125.0 1406 1.2 13 47 COHESIVE COHESIVE COHESIVE

VP‐B5(PZ‐3) 6 CL 12.5‐15 15 2.5 2000 17.9 125.0 1719 1.1 16 52 COHESIVE COHESIVE COHESIVE

VP‐B5(PZ‐3) 7 CL 15‐20 23 5 3000 14.8 125.0 2032 1.0 23 62 COHESIVE COHESIVE COHESIVE

VP‐B5(PZ‐3) 8 SP 20‐25 18 5 20.7 125.0 2345 0.9 17 53 33.6 112 0.49

VP‐B5(PZ‐3) 9 SP 25‐30 5 125.0 2658 0.9

VP‐B3 FILL (SP) 4.5 6 125.0 750 1.6 7 35 32 109 0.54

VP‐B3 SW 17 7.5 125.0 1688 1.1 19 56 34 113 0.48

VP‐B3 CL 3 4.5 125.0 1969 1.0 3 22 COHESIVE COHESIVE COHESIVE

VP‐B3 SM 6 125.0 2345 0.9

VP‐B3 CL 12.5 6 125.0 2720 0.9 11 42 COHESIVE COHESIVE COHESIVE

VP‐B4 1 FILL (SP) 0‐2.5 3 2.5 24 125.0 156 2.0 6 32 30.8 108 0.55

VP‐B4 2 FILL (SP) 2.5‐5 4 2.5 17.7 125.0 469 2.0 8 37 32 109 0.54

VP‐B4 3 FILL (SC) 5‐7.5 6 2.5 11.9 125.0 781 1.6 10 40 35 95 106.00

VP‐B4 4 FILL (SC) 7.5‐10 25 2.5 32.9 125.0 1094 1.4 34 75 35 102 0.63

VP‐B4 5 SM 10‐12.5 17 2.5 9.8 125.0 1406 1.2 20 58 33 98 0.70

VP‐B4 6 SM 12.5‐15 2.5 125.0 1719 1.1

VP‐B4 7 SM 15‐20 42 5 18.4 125.0 2032 1.0 42 83 36 103 0.61

VP B4 8 SP 20 25 54 5 125 0 2657

INPUTS

5.0











vo

a
N

p
C



5.0

60

60
100 








N
Dr

VP‐B4 8 SP 20‐25 54 5 125.0 2657

VP‐B4 9 SP 25‐30 12 5 125.0 2657

VP‐B7 FILL(SP) 3.3 8 125.0 1000 1.4 5 28 30 106.5 0.57

VP‐B7 SP 30.7 10.5 125.0 2313 0.9 29 69 36 115 0.45

VP‐B7 SC 38.5 11.5 125.0 3032 0.8 31 72 34 101 0.65

5.0











vo

a
N

p
C



5.0

60

60
100 








N
Dr
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Project: Prepared By: Date:
Subject: Checked By: Date:

Status:

Correlations of Strength Characteristics for Granular Soils
Ref: NAVFAC Design Manual 7.1, Soil Mechanics , Figure 7 (p. 149).

0 26.0 79.0 1.12 26.5 88.0 0.90 27.0 95.0 0.75 27.0 102.0 0.64 27.3 105.8 0.59 27.5 109.5 0.53 28.0 117.0 0.42
5 26.5 80.0 1.08 27.0 88.5 0.89 27.5 96.0 0.74 27.8 103.0 0.62 27.9 106.5 0.57 28.0 110.0 0.52 28.5 118.5 0.41

10 27.0 81.0 1.05 27.5 89.5 0.87 28.0 97.0 0.72 28.4 104.0 0.60 28.7 107.5 0.55 29.0 111.0 0.50 29.5 120.0 0.39
15 27.5 82.0 1.03 28.0 90.0 0.85 28.5 98.0 0.71 29.0 105.0 0.59 29.3 108.5 0.54 29.5 112.0 0.49 30.0 121.0 0.38
20 28.0 83.0 1.01 28.5 91.0 0.83 29.0 99.0 0.69 29.5 106.0 0.58 29.8 109.5 0.53 30.0 113.0 0.48 30.7 122.0 0.37
25 28.5 84.0 0.99 29.0 92.0 0.82 29.5 99.5 0.68 30.0 106.5 0.57 30.4 110.3 0.52 30.8 114.0 0.47 31.3 123.0 0.36
30 29.0 85.0 0.97 29.5 93.0 0.80 30.0 100.5 0.66 30.8 108.0 0.55 31.2 111.5 0.50 31.5 115.0 0.45 32.2 124.0 0.34
35 29.5 86.0 0.95 30.0 94.0 0.78 31.0 102.0 0.64 31.5 109.0 0.54 31.9 112.8 0.49 32.3 116.5 0.43 33.0 126.0 0.33
40 30.0 87.0 0.93 30.5 95.0 0.76 31.5 103.0 0.62 32.3 110.0 0.52 32.7 114.0 0.47 33.0 118.0 0.42 34.0 127.5 0.31
45 30.5 88.0 0.91 31.0 96.0 0.74 32.0 104.0 0.61 33.0 111.0 0.50 33.5 115.0 0.45 34.0 119.0 0.40 35.0 129.0 0.30
50 31.0 88.5 0.89 32.0 97.0 0.72 33.0 105.0 0.59 33.6 112.0 0.49 34.1 116.0 0.44 34.5 120.0 0.39 35.8 130.0 0.28
55 31.5 89.5 0.87 32.5 98.0 0.70 33.5 106.0 0.57 34.4 113.0 0.48 34.9 117.0 0.43 35.3 121.0 0.38 36.8 131.0 0.27

CAP-206-MENOMONEE, WI Tim Smith 06 Dec 2012


(deg)

dry

(pcf)
e 

(deg)

Feasibility

dry

(pcf)
e

SM-SP or SP-SM SP or SW


(deg)
dry

(pcf)
e 

(deg)
dry

(pcf)

GP GW
Dr

(%)

ML SM, SC or SC-SM


(deg)
dry

(pcf)
e

(deg)
dry

(pcf)
e e

GP-GM, GP-GC, GC, GM


(deg)

dry

(pcf)
e

55 31.5 89.5 0.87 32.5 98.0 0.70 33.5 106.0 0.57 34.4 113.0 0.48 34.9 117.0 0.43 35.3 121.0 0.38 36.8 131.0 0.27
60 32.0 90.0 0.85 33.0 99.0 0.69 34.0 107.0 0.56 35.0 114.0 0.46 35.5 118.3 0.41 36.0 122.5 0.36 37.5 133.0 0.25
65 32.5 91.0 0.83 33.5 100.0 0.67 34.5 108.0 0.55 35.5 115.0 0.45 36.3 119.5 0.40 37.0 124.0 0.35 38.5 134.5 0.24
70 33.0 92.0 0.82 34.0 101.0 0.65 35.0 109.0 0.54 36.2 116.5 0.43 36.9 120.8 0.39 37.5 125.0 0.34 39.0 136.0 0.23
75 33.5 93.0 0.80 34.5 102.0 0.63 36.0 110.0 0.52 37.0 117.5 0.42 37.7 122.0 0.37 38.3 126.5 0.32 40.0 138.0 0.21
80 34.0 94.0 0.77 35.5 103.0 0.61 36.5 111.5 0.50 37.8 119.0 0.40 38.6 123.5 0.35 39.3 128.0 0.30 41.0 140.0 0.20
85 34.5 95.0 0.75 36.0 105.0 0.60 37.0 113.0 0.48 38.5 120.5 0.39 39.3 125.0 0.34 40.0 129.5 0.29 42.0 141.0 0.18
90 35.0 96.0 0.74 36.5 106.0 0.58 38.0 114.0 0.47 39.3 121.5 0.37 40.2 126.3 0.32 41.0 131.0 0.27 43.0 143.0 0.16
95 35.5 97.0 0.72 37.0 107.0 0.56 38.5 115.0 0.45 40.0 123.0 0.36 40.8 127.5 0.31 41.5 132.0 0.26 44.0 145.0 0.15

100 36.0 98.0 0.70 38.0 108.0 0.55 39.0 116.0 0.44 40.7 124.0 0.35 41.6 128.8 0.30 42.5 133.5 0.25 45.0 147.0 0.13

Version 06012005 Blow Count Correlations ‐ SAND.xlsx: NAVFAC Data
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Menomonee River Restoration 
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UTILITY MAPS & AS‐BUILT DRAWINGS
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Project: Prepared By: Date:
Subject: Checked By: Date:

Status:

Stone Sizing for 100-year Event
Ref: National Engineering Handbook, Part 654, Technical Supplement 14C

National Engineering Handbook, Part 654, Technical Supplement 14N

US Bureau of Reclamation Method
High-energy technique

Avg. Riffle Velocity, V = 10.14 ft/s

eq. TS14C-9

D50 = 1.441 ft

ARS Rock Chutes
Approach for high-energy applications

Channel Slope, Sf = 0.002 ft/ft

Unit Discharge, qdesign = 262.6 ft3/s/ft

If S < 0.1, then
eq. TS14C-16

If 0.1 < S < 0.4, then
eq. TS14C-17

D50 = 2.049 ft

USGS Method
Developed from Western US studies

Avg. Riffle Velocity, V = 10.14 ft/s

eq. TS14C-10

Menomonee River P. Fowler 05 Dec 2012
FY 2012 Section 206
Stone Sizing for 100-year Event

Feasibility

T. Smith 02 Jan 2013

06.2
50 0122.0 VD 

44.2
50 01.0 VD 

529.05.1
50 )923.1(12 qSD 

529.058.0
50 )233.0(12 qSD 

D50 = 2.849 ft

Version 09282005 Stone Sizing - Menomonee.xls: Stone Sizing
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Concrete Wall

Fill - Sand & Gravel

SP

SC

Bedrock

1.360

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: Bedrock      
Name: SC      Unit Weight: 125 pcf     Cohesion: 800 psf     Phi: 34 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta. 0+50 LS (Boring No. VP-B7)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

SP

SC

Bedrock

Rip-rap

1.717

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      
Name: SC      Unit Weight: 125 pcf     Cohesion: 800 psf     Phi: 34 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta. 0+50 LS (Boring No. VP-B7)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

SP

SC

Bedrock

1.414

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: Bedrock      
Name: SC      Unit Weight: 125 pcf     Cohesion: 800 psf     Phi: 34 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta. 2+00 LS (Boring No. VP-B7)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

Rip-rap

SP

SC

Bedrock

1.977

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      
Name: SC      Unit Weight: 125 pcf     Cohesion: 800 psf     Phi: 34 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta. 2+00 LS (Boring No. VP-B7)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

SP

SC

Bedrock

1.180

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: Bedrock      
Name: SC      Unit Weight: 125 pcf     Cohesion: 800 psf     Phi: 34 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta. 2+00 RS (Boring No. VP-B7)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

Rip-rap

SP

SC

Bedrock

1.477

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 36 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      
Name: SC      Unit Weight: 125 pcf     Cohesion: 800 psf     Phi: 34 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta. 2+00 RS (Boring No. VP-B7)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

CL

SP

Bedrock

1.069

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °     
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 33 °     
Name: CL      Unit Weight: 120 pcf     Cohesion: 1000 psf     Phi: 0 °     
Name: Bedrock      

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta.8+00 RS (Boring No. VP-B5)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

Rip-rap CL

SP

Bedrock

1.350

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °     
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 33 °     
Name: CL      Unit Weight: 120 pcf     Cohesion: 1000 psf     Phi: 0 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta.8+00 RS (Boring No. VP-B5)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

SM

SP

Bedrock

0.952

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: SM      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Bedrock      

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta. 11+00 RS (Boring No. VP-B4)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

Rip-rap
SM

SP

Bedrock

1.516

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: SM      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta. 11+00 RS (Boring No. VP-B4)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

SM

SP

Bedrock

0.811

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: SM      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Bedrock      

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta. 12+00 RS (Boring No. VP-B4)
Method: Spencer

Distance (ft)

-10 0 10 20 30 40 50 60 70 80 90 100 110

E
le

va
tio

n 
(f

t)

545

550

555

560

565

570

575

580

585

590

595

600

605

610

615

620

Attachment 6 - Page 12



Concrete Wall

Fill - Sand & Gravel

Rip-rap
SM

SP

Bedrock

1.612

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SP      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °     
Name: SM      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 35 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta. 12+00 RS (Boring No. VP-B4)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

Bedrock

SW

CL1

SM

CL2

0.628

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SW      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: CL1      Unit Weight: 125 pcf     Cohesion: 200 psf     Phi: 0 °     
Name: SM      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 33 °     
Name: Bedrock      
Name: CL2      Unit Weight: 120 pcf     Cohesion: 750 psf     Phi: 0 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis During Construction Sta. 15+00 RS (Boring No. VP-B3)
Method: Spencer

Distance (ft)
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Concrete Wall

Fill - Sand & Gravel

Rip-rap

Bedrock

SW

CL1

SM

CL2

0.998

Name: Concrete Wall      Unit Weight: 150 pcf     Cohesion: 2e+005 psf     Phi: 90 °
Name: Fill - Sand & Gravel      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 30 °  
Name: SW      Unit Weight: 125 pcf     Cohesion: 0 psf     Phi: 34 °     
Name: CL1      Unit Weight: 125 pcf     Cohesion: 200 psf     Phi: 0 °     
Name: SM      Unit Weight: 120 pcf     Cohesion: 0 psf     Phi: 33 °     
Name: Rip-rap      Unit Weight: 140 pcf     Cohesion: 0 psf     Phi: 45 °     
Name: Bedrock      
Name: CL2      Unit Weight: 120 pcf     Cohesion: 750 psf     Phi: 0 °     

Created By: Smith, Timothy C LRE
Date: 4/1/2013
Name: SLOPE/W Analysis Post Construction Sta. 15+00 RS (Boring No. VP-B3)
Method: Spencer

Distance (ft)
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Project: Prepared By: Date:
Subject: Checked By: Date:

Status:

Bearing Capacity of Soil-Supported Shallow Foundations: Terzaghi Model
Ref: EM 1110-1-1905, Bearing Capacity of Soils , 30 October 1992.

Foundation Dimensions Soil Parameters for Existing Overburden

Foundation Width, B feet Embedment Depth, D feet
Foundation Length, L feet Wet Unit Weight, wet,D pcf
Reduction Factor, r = 1-0.25·log(B/6) (for B  6) Saturated Unit Weight, sat,D pcf

Layer-Weighted Soil Parameters within Effective Shear Depth of Interest

USCS Soil Classification SM
Layer Thickness, h (feet) 0.9 h (Must Equal H) feet
Angle of Internal Friction,  (deg) 30 Angle of Internal Friction,  deg
Cohesion Interept, c (psf) 0 Cohesion Interept, c psf

Wet Unit Weight, wet,H (pcf) 129.2 Wet Unit Weight, wet,H pcf

Saturated Unit Weight, sat,H (pcf) 144.0 Saturated Unit Weight, sat,H pcf

FeasibilityTan-Brown Gravelly-Sand

P. Folwer 17 Dec 2012
FY 2012 Section 206 T. Smith 03 Jan 2013
Menomonee River

At MEN0112

24.0 0.0
129.222.0

0.85

129.2
144.0

0

0.9
30

144.0

Effective Shear Depth of Interest Effect of Water Table on Bearing Capacity

Effective Shear Depth of Interest, H = 0.5·B·tan(45 + /2) feet Depth to Water Table from Ground Surface, DGWT feet

Kp = (0.435-0.00716·)(-1/0.383) eff,D = wet,D - w·(D - DGWT)/D (for 0 < DGWT  D) pcf
(from curve-fit to Bowles' backcalculated Kp values) eff,H = ′H + w·(D - DGWT)/H (for D < DGWT  D + H) pcf

Bearing Capacity Factors Shape Factors

Nq = e(0.75 - ·tan) / 2·cos2(45 + /2) For: Strip Round Square

Nc = (Nq - 1)·cot() (if=0, Nc=+2) sc 1 1.3 1.3 sc

N = tan()/2·(Kp/cos2() - 1) s 1 0.6 0.8 s

Gross Bearing Pressures Net Bearing Pressures

Factor of Safety, FS Net qult = Gross qult - qD = Gross qult - eff,D·D psf
qult = c·Nc·sc + eff,D·D·Nq + 0.5·eff,H·B·N·s·r psf Net Allowable Bearing Capacity, qa = Net qult / FS psf
Gross Allowable Bearing Capacity, qa = qult / FS psf Recommended Maximum Net Allowable Bearing Pressure psf

(based on settlement considerations)
4,346

3.0
13,038

22.46

37.16

19.64

20.8

4,000

51.77 81.6

4,346

0.80

1.30

13,038

81.6

0.0

Version 06012005 Bearing Capacity of Soil - Menomonee Sandy.xls: Terzaghi
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Project: Prepared By: Date:
Subject: Checked By: Date:

Status:

Bearing Capacity of Soil-Supported Shallow Foundations: Terzaghi Model
Ref: EM 1110-1-1905, Bearing Capacity of Soils , 30 October 1992.

Foundation Dimensions Soil Parameters for Existing Overburden

Foundation Width, B feet Embedment Depth, D feet
Foundation Length, L feet Wet Unit Weight, wet,D pcf
Reduction Factor, r = 1-0.25·log(B/6) (for B  6) Saturated Unit Weight, sat,D pcf

Layer-Weighted Soil Parameters within Effective Shear Depth of Interest

USCS Soil Classification GM
Layer Thickness, h (feet) 2.1 h (Must Equal H) feet
Angle of Internal Friction,  (deg) 18 Angle of Internal Friction,  deg
Cohesion Interept, c (psf) 400 Cohesion Interept, c psf

Wet Unit Weight, wet,H (pcf) 134.3 Wet Unit Weight, wet,H pcf

Saturated Unit Weight, sat,H (pcf) 140.0 Saturated Unit Weight, sat,H pcf

140.00.85

134.3
140.0

400

2.1
18

24.0 0.0
134.322.0

FeasibilityGray Gravelly-Silt

P. Folwer 17 Dec 2012
FY 2012 Section 206 T. Smith 03 Jan 2013
Menomonee River

At boring MEN0109

Effective Shear Depth of Interest Effect of Water Table on Bearing Capacity

Effective Shear Depth of Interest, H = 0.5·B·tan(45 + /2) feet Depth to Water Table from Ground Surface, DGWT feet

Kp = (0.435-0.00716·)(-1/0.383) eff,D = wet,D - w·(D - DGWT)/D (for 0 < DGWT  D) pcf
(from curve-fit to Bowles' backcalculated Kp values) eff,H = ′H + w·(D - DGWT)/H (for D < DGWT  D + H) pcf

Bearing Capacity Factors Shape Factors

Nq = e(0.75 - ·tan) / 2·cos2(45 + /2) For: Strip Round Square

Nc = (Nq - 1)·cot() (if=0, Nc=+2) sc 1 1.3 1.3 sc

N = tan()/2·(Kp/cos2() - 1) s 1 0.6 0.8 s

Gross Bearing Pressures Net Bearing Pressures

Factor of Safety, FS Net qult = Gross qult - qD = Gross qult - eff,D·D psf
qult = c·Nc·sc + eff,D·D·Nq + 0.5·eff,H·B·N·s·r psf Net Allowable Bearing Capacity, qa = Net qult / FS psf
Gross Allowable Bearing Capacity, qa = qult / FS psf Recommended Maximum Net Allowable Bearing Pressure psf

(based on settlement considerations)
3,250

21.93 77.6

3,490

0.80

1.30

10,471

77.6

0.016.5

3,490

3.0
10,471

6.04

15.52

3.78

Version 06012005 Bearing Capacity of Soil - Menomonee SiltClay.xls: Terzaghi
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Untitled
 PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:45:06

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 0+50 LS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 592.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        591.00
                    5.10        592.26
                   15.60        595.90
                   19.00        596.00
                   21.00        602.30
                   27.80        603.40
                   36.90        608.70
                   55.60        613.30
                   63.70        613.54

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        585.00

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    30.00    0.00     0.00    0.00  597.80   0.00   DEF  DEF
 125.00  125.00    36.00    0.00     0.00    0.00  587.40   0.00   DEF  DEF
 125.00  125.00    34.00  800.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    36.00    0.00     0.00    0.00  587.40   0.00   DEF  DEF
 125.00  125.00    34.00  800.00     0.00    0.00                  DEF  DEF
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Untitled

       VI.--WATER DATA
          UNIT WEIGHT         = 62.40 (PCF)
          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:45:08

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 0+50 LS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  597.8     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  592.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  591.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0     127.0   24158.1     127.0   24158.1
  589.0     0.0       0.0      0.0      48.5     250.0      48.5     250.0
  588.0     0.0       0.0      0.0     100.2     375.0     100.2     375.0
  587.9     0.0       0.0      0.0       0.0     385.8       0.0     385.8
  587.4     0.0       0.0      0.0       0.0     450.0       0.0     450.0
  587.3     0.0       0.0      0.0       0.0     462.5       0.0     462.5
  587.0    18.7       0.0      0.0      18.7    3545.8       0.0    3527.1
  586.0    81.1       0.0      0.0      81.1    3877.1       0.0    3796.0
  585.0   143.5       0.0      0.0     143.5    4240.2       0.0    4096.7
  584.9   152.3     152.3     15.5       0.0    4271.6       0.0    4134.8
  584.0   205.9    1081.9    110.3    -876.0    4463.0       0.0    4367.4
  583.0   268.3    1400.1    142.8   -1131.8    4793.5       0.0    4667.9
  582.0   330.7    1718.3    175.2   -1387.6    5159.4       0.0    5003.9
  581.0   393.1    2036.5    207.7   -1643.4    5499.1       0.0    5313.7
  580.0   455.5    2354.7    240.1   -1899.1    5939.8       0.0    5724.4
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  579.0   455.5    2672.9    272.6   -2217.3    6623.9       0.0    6441.0
  578.0   455.5    2991.1    305.0   -2535.5    7595.8       0.0    7445.3
  577.0   455.5    3309.3    337.5   -2853.7    7540.4       0.0    7422.4
  576.0   455.5    3627.5    370.0   -3171.9    8572.5       0.0    8486.9
  575.0   455.5    3945.7    402.4   -3490.1   11384.3       0.0   11331.2
  574.0   455.5    4263.9    434.9   -3808.3   10463.1       0.0   10442.4
  573.0   455.5    4582.1    467.3   -4126.5   12650.5       0.0   12662.3
  572.0   455.5    4900.3    499.8   -4444.7   13237.5       0.0   13281.8
  571.0   455.5    5218.5    532.2   -4762.9   12135.6       0.0   12212.3
  570.0   455.5    5536.7    564.7   -5081.1   13489.0       0.0   13598.1
  569.0   455.5    5854.9    597.1   -5399.3   12531.2       0.0   12672.8
  568.0   455.5    6173.1    629.6   -5717.5   13081.7       0.0   13255.7
  567.0   455.5    6491.3    662.0   -6035.7   13627.4       0.0   13833.9
  566.0   455.5    6809.4    694.5   -6353.9   13944.7       0.0   14183.6
  565.0   455.5    7127.6    726.9   -6672.1   13984.1       0.0   14255.5
  564.0   455.5    7445.8    759.4   -6990.3   14098.5       0.0   14402.4
  563.0   455.5    7764.0    791.8   -7308.5   14342.0       0.0   14678.3
  562.0   455.5    8082.2    824.3   -7626.7   14585.5       0.0   14954.3
  561.0   455.5    8400.4    856.7   -7944.9   14829.0       0.0   15230.2
  560.0   455.5    8718.6    889.2   -8263.1   14176.5       0.0   14610.1
  559.0   455.5    9036.8    921.6   -8581.3   14178.7       0.0   14644.8
  558.0   455.5    9355.0    954.1   -8899.5   15058.2       0.0   15556.8
  557.0   455.5    9673.2    986.5   -9217.7   15226.4       0.0   15757.5
  556.0   455.5    9991.4   1019.0   -9535.9   15354.5       0.0   15917.9
  555.0   455.5   10309.6   1051.4   -9854.1   15420.2       0.0   16016.1
  554.0   455.5   10627.8   1083.9  -10172.3   15267.1       0.0   15895.4

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:45:09

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 0+50 LS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

     WALL BOTTOM ELEV. (FT)     :      582.06
           PENETRATION (FT)     :        2.94

     MAX. BEND. MOMENT (LB-FT)  :  1.4327E+03
           AT ELEVATION (FT)    :      583.97

     MAX. SCALED DEFL. (LB-IN^3):  1.1859E+08
           AT ELEVATION (FT)    :      597.80
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               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:45:09

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 0+50 LS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        597.80    0.0000E+00            0.        1.1859E+08         0.00
        592.00    6.7901E-13            0.        6.4773E+07         0.00
        591.00   -1.2733E-11            0.        5.5494E+07         0.00
        590.00    2.1172E+01           64.        4.6218E+07       127.03
        589.00    1.3511E+02          151.        3.6993E+07        48.46
        588.00    3.1922E+02          226.        2.8011E+07       100.19
        587.91    3.3894E+02          230.        2.7257E+07         0.00
        587.40    4.5705E+02          230.        2.2865E+07         0.00
        587.30    4.8004E+02          230.        2.2033E+07         0.00
        587.00    5.4929E+02          233.        1.9588E+07        18.72
        586.00    8.0177E+02          283.        1.2117E+07        81.12
        585.00    1.1354E+03          395.        6.0429E+06       143.52
        584.86    1.1919E+03          405.        5.3310E+06         0.00
        584.00    1.4322E+03           29.        1.9360E+06      -875.96
        583.00    9.8032E+02         -975.        1.8880E+05     -1131.75
        582.72    6.6195E+02        -1302.        5.3308E+04     -1203.38
        582.06    0.0000E+00            0.        0.0000E+00      5138.15

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
    597.80            0.          0.          0.          0.          0.
    592.00            0.          0.          0.          0.          0.
    591.00            0.          0.          0.          0.          0.
    590.00            0.          0.          0.        127.      24158.
    589.00            0.          0.          0.         48.        250.
    588.00            0.          0.          0.        100.        375.
    587.91            0.          0.          0.          0.        386.
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    587.40            0.          0.          0.          0.        450.
    587.30            0.          0.          0.          0.        463.
    587.00           19.          0.          0.          0.       3527.
    586.00           81.          0.          0.          0.       3796.
    585.00          144.          0.          0.          0.       4097.
    584.86          152.        152.         16.          0.       4135.
    584.00          206.       1082.        110.          0.       4367.
    583.00          268.       1400.        143.          0.       4668.
    582.72          286.       1489.        152.          0.       4762.
    582.06          327.       1718.        175.          0.       5004.
    581.00          393.       2036.        208.          0.       5314.
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:47:23

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 2+00 LS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 592.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        591.00
                   11.40        595.60
                   14.90        595.70
                   17.70        603.70
                  137.40        608.00
                  237.00        610.00

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        585.00

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    30.00    0.00     0.00    0.00  597.80   0.00   DEF  DEF
 125.00  125.00    36.00    0.00     0.00    0.00  587.40   0.00   DEF  DEF
 125.00  125.00    34.00  800.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    36.00    0.00     0.00    0.00  587.40   0.00   DEF  DEF
 125.00  125.00    34.00  800.00     0.00    0.00                  DEF  DEF

       VI.--WATER DATA
          UNIT WEIGHT         = 62.40 (PCF)
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          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:47:25

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 2+00 LS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  597.8     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  592.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  591.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0     112.2   20919.1     112.2   20919.1
  589.0     0.0       0.0      0.0      68.5     250.0      68.5     250.0
  588.0     0.0       0.0      0.0     112.4     375.0     112.4     375.0
  587.9     0.0       0.0      0.0       0.0     387.1       0.0     387.1
  587.4     0.0       0.0      0.0       0.0     450.0       0.0     450.0
  587.3     0.0       0.0      0.0       0.0     462.5       0.0     462.5
  587.0    18.7       0.0      0.0      18.7    4891.3       0.0    4872.6
  586.0    81.1       0.0      0.0      81.1    4810.7       0.0    4729.6
  585.0   143.5       0.0      0.0     143.5    5175.6       0.0    5032.1
  584.9   152.3     152.3     15.5       0.0    5221.0       0.0    5084.3
  584.0   205.9    1081.9    110.3    -876.0    5498.3       0.0    5402.7
  583.0   268.3    1400.1    142.8   -1131.8    6159.3       0.0    6033.8
  582.0   330.7    1718.3    175.2   -1387.6    7200.8       0.0    7045.3
  581.0   393.1    2036.5    207.7   -1643.4    8646.1       0.0    8460.7
  580.0   455.5    2354.7    240.1   -1899.1   10584.4       0.0   10369.0
  579.0   455.5    2672.9    272.6   -2217.3   10327.1       0.0   10144.2
  578.0   455.5    2991.1    305.0   -2535.5    9831.3       0.0    9680.8
  577.0   455.5    3309.3    337.5   -2853.7   10348.7       0.0   10230.7
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  576.0   455.5    3627.5    370.0   -3171.9    9889.3       0.0    9803.7
  575.0   455.5    3945.7    402.4   -3490.1    9688.9       0.0    9635.8
  574.0   455.5    4263.9    434.9   -3808.3    9649.3       0.0    9628.6
  573.0   455.5    4582.1    467.3   -4126.5    9611.9       0.0    9623.7
  572.0   455.5    4900.3    499.8   -4444.7    9544.5       0.0    9588.7
  571.0   455.5    5218.5    532.2   -4762.9    9589.9       0.0    9666.6
  570.0   455.5    5536.7    564.7   -5081.1    9702.2       0.0    9811.3
  569.0   455.5    5854.9    597.1   -5399.3    9754.9       0.0    9896.4
  568.0   455.5    6173.1    629.6   -5717.5    9831.2       0.0   10005.2
  567.0   455.5    6491.3    662.0   -6035.7    9966.1       0.0   10172.6
  566.0   455.5    6809.4    694.5   -6353.9   10101.0       0.0   10340.0
  565.0   455.5    7127.6    726.9   -6672.1   10235.9       0.0   10507.3
  564.0   455.5    7445.8    759.4   -6990.3   10370.8       0.0   10674.7
  563.0   455.5    7764.0    791.8   -7308.5   10505.7       0.0   10842.0
  562.0   455.5    8082.2    824.3   -7626.7   10635.1       0.0   11003.9
  561.0   455.5    8400.4    856.7   -7944.9   10715.1       0.0   11116.3
  560.0   455.5    8718.6    889.2   -8263.1   10800.1       0.0   11233.8
  559.0   455.5    9036.8    921.6   -8581.3   10934.0       0.0   11400.1
  558.0   455.5    9355.0    954.1   -8899.5   11067.9       0.0   11566.5
  557.0   455.5    9673.2    986.5   -9217.7   11201.8       0.0   11732.8
  556.0   455.5    9991.4   1019.0   -9535.9   11335.7       0.0   11899.1
  555.0   455.5   10309.6   1051.4   -9854.1   11469.6       0.0   12065.5
  554.0   455.5   10627.8   1083.9  -10172.3   11603.5       0.0   12231.8

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:47:26

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 2+00 LS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

     WALL BOTTOM ELEV. (FT)     :      582.09
           PENETRATION (FT)     :        2.91

     MAX. BEND. MOMENT (LB-FT)  :  1.4753E+03
           AT ELEVATION (FT)    :      583.95

     MAX. SCALED DEFL. (LB-IN^3):  1.2186E+08
           AT ELEVATION (FT)    :      597.80

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
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                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:47:26

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 2+00 LS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        597.80    0.0000E+00            0.        1.2186E+08         0.00
        592.00    1.3891E-12            0.        6.6733E+07         0.00
        591.00    1.4552E-11            0.        5.7229E+07         0.00
        590.00    1.8694E+01           56.        4.7726E+07       112.16
        589.00    1.2358E+02          146.        3.8269E+07        68.54
        588.00    3.1160E+02          237.        2.9037E+07       112.45
        587.90    3.3491E+02          242.        2.8165E+07         0.00
        587.40    4.5685E+02          242.        2.3735E+07         0.00
        587.30    4.8108E+02          242.        2.2876E+07         0.00
        587.00    5.5408E+02          245.        2.0352E+07        18.72
        586.00    8.1902E+02          295.        1.2628E+07        81.12
        585.00    1.1651E+03          407.        6.3304E+06       143.52
        584.86    1.2234E+03          418.        5.5907E+06         0.00
        584.00    1.4743E+03           41.        2.0513E+06      -875.96
        583.00    1.0349E+03         -963.        2.0468E+05     -1131.75
        582.58    5.3185E+02        -1457.        2.3547E+04     -1238.45
        582.09    0.0000E+00            0.        0.0000E+00      7110.54

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
    597.80            0.          0.          0.          0.          0.
    592.00            0.          0.          0.          0.          0.
    591.00            0.          0.          0.          0.          0.
    590.00            0.          0.          0.        112.      20919.
    589.00            0.          0.          0.         69.        250.
    588.00            0.          0.          0.        112.        375.
    587.90            0.          0.          0.          0.        387.
    587.40            0.          0.          0.          0.        450.
    587.30            0.          0.          0.          0.        463.
    587.00           19.          0.          0.          0.       4873.
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    586.00           81.          0.          0.          0.       4730.
    585.00          144.          0.          0.          0.       5032.
    584.86          152.        152.         16.          0.       5084.
    584.00          206.       1082.        110.          0.       5403.
    583.00          268.       1400.        143.          0.       6034.
    582.58          294.       1533.        156.          0.       6456.
    582.09          325.       1718.        175.          0.       7045.
    581.00          393.       2036.        208.          0.       8461.
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:49:18

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 02+00 RS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 592.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        591.00
                   12.00        596.00
                   15.50        596.00
                   18.50        604.85
                   20.50        604.85
                   59.60        622.56
                  100.00        623.18

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        585.00

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    30.00    0.00     0.00    0.00  597.80   0.00   DEF  DEF
 125.00  125.00    36.00    0.00     0.00    0.00  587.40   0.00   DEF  DEF
 125.00  125.00    34.00  800.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    36.00    0.00     0.00    0.00  587.40   0.00   DEF  DEF
 125.00  125.00    34.00  800.00     0.00    0.00                  DEF  DEF

       VI.--WATER DATA
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          UNIT WEIGHT         = 62.40 (PCF)
          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:49:23

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 02+00 RS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  597.8     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  592.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  591.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0     111.2   20647.7     111.2   20647.7
  589.0     0.0       0.0      0.0      69.3     250.0      69.3     250.0
  588.0     0.0       0.0      0.0     113.4     375.0     113.4     375.0
  587.9     0.0       0.0      0.0       0.0     387.2       0.0     387.2
  587.4     0.0       0.0      0.0       0.0     450.0       0.0     450.0
  587.3     0.0       0.0      0.0       0.0     462.5       0.0     462.5
  587.0    18.7       0.0      0.0      18.7    4923.6       0.0    4904.9
  586.0    81.1       0.0      0.0      81.1    4881.1       0.0    4800.0
  585.0   143.5       0.0      0.0     143.5    5273.1       0.0    5129.6
  584.9   152.3     152.3     15.5       0.0    5317.7       0.0    5180.9
  584.0   205.9    1081.9    110.3    -876.0    5590.1       0.0    5494.5
  583.0   268.3    1400.1    142.8   -1131.8    6218.0       0.0    6092.5
  582.0   330.7    1718.3    175.2   -1387.6    7262.1       0.0    7106.6
  581.0   393.1    2036.5    207.7   -1643.4    8715.3       0.0    8529.8
  580.0   455.5    2354.7    240.1   -1899.1   10818.6       0.0   10603.2
  579.0   455.5    2672.9    272.6   -2217.3   11538.4       0.0   11355.5
  578.0   455.5    2991.1    305.0   -2535.5   11446.4       0.0   11295.9
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  577.0   455.5    3309.3    337.5   -2853.7   11422.1       0.0   11304.1
  576.0   455.5    3627.5    370.0   -3171.9   12002.2       0.0   11916.7
  575.0   455.5    3945.7    402.4   -3490.1   13213.7       0.0   13160.6
  574.0   455.5    4263.9    434.9   -3808.3   13607.4       0.0   13586.7
  573.0   455.5    4582.1    467.3   -4126.5   13886.0       0.0   13897.8
  572.0   455.5    4900.3    499.8   -4444.7   14093.0       0.0   14137.2
  571.0   455.5    5218.5    532.2   -4762.9   14415.0       0.0   14491.7
  570.0   455.5    5536.7    564.7   -5081.1   14808.6       0.0   14917.8
  569.0   455.5    5854.9    597.1   -5399.3   15253.7       0.0   15395.3
  568.0   455.5    6173.1    629.6   -5717.5   15583.9       0.0   15757.9
  567.0   455.5    6491.3    662.0   -6035.7   15817.8       0.0   16024.3
  566.0   455.5    6809.4    694.5   -6353.9   16153.6       0.0   16392.6
  565.0   455.5    7127.6    726.9   -6672.1   16541.6       0.0   16813.1
  564.0   455.5    7445.8    759.4   -6990.3   16947.4       0.0   17251.3
  563.0   455.5    7764.0    791.8   -7308.5   17345.2       0.0   17681.5
  562.0   455.5    8082.2    824.3   -7626.7   17737.7       0.0   18106.4
  561.0   455.5    8400.4    856.7   -7944.9   18130.0       0.0   18531.2
  560.0   455.5    8718.6    889.2   -8263.1   18522.3       0.0   18956.0
  559.0   455.5    9036.8    921.6   -8581.3   18914.6       0.0   19380.7
  558.0   455.5    9355.0    954.1   -8899.5   19306.9       0.0   19805.5
  557.0   455.5    9673.2    986.5   -9217.7   19699.3       0.0   20230.3
  556.0   455.5    9991.4   1019.0   -9535.9   20091.6       0.0   20655.1
  555.0   455.5   10309.6   1051.4   -9854.1   20106.0       0.0   20701.9
  554.0   455.5   10627.8   1083.9  -10120.5   19848.7      51.8   20477.1

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:49:24

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 02+00 RS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

     WALL BOTTOM ELEV. (FT)     :      582.09
           PENETRATION (FT)     :        2.91

     MAX. BEND. MOMENT (LB-FT)  :  1.4764E+03
           AT ELEVATION (FT)    :      583.95

     MAX. SCALED DEFL. (LB-IN^3):  1.2191E+08
           AT ELEVATION (FT)    :      597.80

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
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                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:49:24

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 02+00 RS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        597.80    0.0000E+00            0.        1.2191E+08         0.00
        592.00    1.3678E-13            0.        6.6772E+07         0.00
        591.00   -1.8190E-12            0.        5.7265E+07         0.00
        590.00    1.8541E+01           56.        4.7760E+07       111.25
        589.00    1.2281E+02          146.        3.8300E+07        69.35
        588.00    3.1075E+02          237.        2.9064E+07       113.43
        587.90    3.3432E+02          243.        2.8183E+07         0.00
        587.40    4.5628E+02          243.        2.3758E+07         0.00
        587.30    4.8057E+02          243.        2.2899E+07         0.00
        587.00    5.5371E+02          246.        2.0373E+07        18.72
        586.00    8.1913E+02          296.        1.2643E+07        81.12
        585.00    1.1657E+03          408.        6.3392E+06       143.52
        584.86    1.2241E+03          418.        5.5986E+06         0.00
        584.00    1.4754E+03           42.        2.0550E+06      -875.96
        583.00    1.0365E+03         -962.        2.0532E+05     -1131.75
        582.58    5.2869E+02        -1461.        2.3043E+04     -1239.32
        582.09    0.0000E+00            0.        0.0000E+00      7171.24

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
    597.80            0.          0.          0.          0.          0.
    592.00            0.          0.          0.          0.          0.
    591.00            0.          0.          0.          0.          0.
    590.00            0.          0.          0.        111.      20648.
    589.00            0.          0.          0.         69.        250.
    588.00            0.          0.          0.        113.        375.
    587.90            0.          0.          0.          0.        387.
    587.40            0.          0.          0.          0.        450.
    587.30            0.          0.          0.          0.        463.
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    587.00           19.          0.          0.          0.       4905.
    586.00           81.          0.          0.          0.       4800.
    585.00          144.          0.          0.          0.       5130.
    584.86          152.        152.         16.          0.       5181.
    584.00          206.       1082.        110.          0.       5494.
    583.00          268.       1400.        143.          0.       6092.
    582.58          295.       1534.        156.          0.       6519.
    582.09          325.       1718.        175.          0.       7107.
    581.00          393.       2036.        208.          0.       8530.
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 PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:51:18

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 08+00 RS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 591.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        589.90
                    9.06        590.00
                   18.36        602.10
                   38.76        610.00
                   42.60        612.00
                   44.40        614.00
                   50.70        618.00
                   53.50        620.00
                   91.00        620.90

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        583.50

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    35.00    0.00     0.00    0.00  591.10   0.00   DEF  DEF
 125.00  120.00    18.00 1003.00     0.00    0.00  579.10   0.00   DEF  DEF
 125.00  125.00    33.00    0.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  120.00    18.00 1003.00     0.00    0.00  579.10   0.00   DEF  DEF
 125.00  125.00    30.00    0.00     0.00    0.00                  DEF  DEF
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       VI.--WATER DATA
          UNIT WEIGHT         = 62.40 (PCF)
          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:51:21

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 08+00 RS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  591.1     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  591.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.9     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.0     0.0       0.0      0.0       0.0    3027.3       0.0    3027.3
  588.0     0.0       0.0      0.0       0.0    2002.3       0.0    2002.3
  587.3     0.0       0.0      0.0       0.0    2124.1       0.0    2124.1
  587.0    18.7       0.0      0.0      18.7    2181.7       0.0    2163.0
  586.0    81.1       0.0      0.0      81.1    2343.0       0.0    2261.9
  585.0   143.5       0.0      0.0     143.5    2504.3       0.0    2360.8
  584.0   205.9       0.0      0.0     205.9    2665.6       0.0    2459.7
  583.5+  237.1       0.0      0.0   16315.4    2746.3   16078.3    2509.2
  583.5-  237.1    1658.0      0.0   14657.4    2746.3   16078.3    2509.2
  583.0   268.3    1750.3      0.0   13271.2    2880.7   14753.1    2612.4
  582.6   292.0    1820.4      0.0       0.0    3082.9    1528.3    2805.5
  582.6+  294.8    1828.5      0.0   -1533.7    3106.2       0.0    2827.9
  582.6-  294.8    1828.5      0.0   -1533.7    3106.2       0.0    2795.1
  582.5   299.5    1842.5      0.0   -1543.0    3127.4       0.0    2827.9
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  582.0   330.7    1934.7      0.0   -1604.0    3320.1       0.0    2989.4
  581.0   393.1    2119.2      0.0   -1726.0    3919.8       0.0    3526.7
  580.0   455.5    2303.6      0.0   -1848.1    4518.4       0.0    4062.9
  579.1+  455.5    2390.2      0.0   -1244.8    2950.8       0.0    2574.7
  579.1-  455.5    1010.4    158.8   -1244.8    2950.8       0.0    2574.7
  579.0   455.5    1023.7    160.9    -568.1    2834.7       0.0    2540.0
  578.0   455.5    1156.5    181.7    -700.9    4641.6       0.0    4367.8
  577.0   455.5    1289.2    202.6    -833.7    5956.2       0.0    5703.2
  576.0   455.5    1422.0    223.5    -966.5    8048.0       0.0    7816.0
  575.0   455.5    1554.8    244.3   -1099.3   11719.1       0.0   11507.9
  574.0   455.5    1687.6    265.2   -1232.1   20288.3       0.0   20098.0
  573.0   455.5    1820.4    286.1   -1364.9   18233.7       0.0   18064.3
  572.0   455.5    1953.2    306.9   -1497.6   77607.1       0.0   77458.5
  571.0   455.5    2085.9    327.8   -1630.4   69625.0       0.0   69497.3
  570.0   455.5    2218.7    348.7   -1763.2    1848.7       0.0    1741.8
  569.0   455.5    2351.5    369.5   -1896.0    9686.8       0.0    9600.8
  568.0   455.5    2484.3    390.4   -2028.8    9819.5       0.0    9754.4
  567.0   455.5    2617.1    411.3   -2161.6    9952.3       0.0    9908.0
  566.0   455.5    2749.9    432.1   -2294.3    2698.1       0.0    2674.7
  565.0   455.5    2882.6    453.0   -2427.1    2741.2       0.0    2738.6
  564.0   455.5    3015.4    473.9   -2559.9   10169.7       0.0   10188.0
  563.0   455.5    3148.2    494.7   -2692.7   10299.5       0.0   10338.7
  562.0   455.5    3281.0    515.6   -2825.5   10429.3       0.0   10489.3
  561.0   455.5    3413.8    536.5   -2958.3    3584.6       0.0    3665.5
  560.0   455.5    3546.6    557.3   -3091.0    3642.2       0.0    3744.0
  559.0   455.5    3679.3    578.2   -3223.8   10673.3       0.0   10796.0
  558.0   455.5    3812.1    599.1   -3356.6   10801.0       0.0   10944.6
  557.0   455.5    3944.9    619.9   -3489.4   10928.8       0.0   11093.2
  556.0   455.5    4077.7    640.8   -3622.2    4518.4       0.0    4703.7
  555.0   455.5    4210.5    661.7   -3755.0    4592.4       0.0    4798.6
  554.0   455.5    4343.3    682.5   -3887.7   11203.8       0.0   11430.8
  553.0   455.5    4476.1    703.4   -4020.5   11330.3       0.0   11578.2

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:51:22

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 08+00 RS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

     WALL BOTTOM ELEV. (FT)     :      559.72
           PENETRATION (FT)     :       23.78

Page 3

Attachment 8 - Page 19



Untitled

     MAX. BEND. MOMENT (LB-FT)  :  8.5552E+04
           AT ELEVATION (FT)    :      571.43

     MAX. SCALED DEFL. (LB-IN^3):  4.0668E+10
           AT ELEVATION (FT)    :      591.10

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:51:22

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 08+00 RS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        591.10    0.0000E+00            0.        4.0668E+10         0.00
        591.00   -1.9993E-06            0.        4.0453E+10         0.00
        590.00   -3.4312E-05            0.        3.8309E+10         0.00
        589.90   -3.7976E-05            0.        3.8095E+10         0.00
        589.00   -6.1422E-05            0.        3.6165E+10         0.00
        588.00   -8.6577E-05            0.        3.4021E+10         0.00
        587.30   -1.0424E-04            0.        3.2520E+10         0.00
        587.00    2.8069E-01            3.        3.1876E+10        18.72
        586.00    2.2849E+01           53.        2.9732E+10        81.12
        585.00    1.2654E+02          165.        2.7588E+10       143.52
        584.00    3.7374E+02          340.        2.5444E+10       205.92
        583.50+   1.2406E+03         4470.        2.4372E+10     16315.39
        583.50-   1.2406E+03         4470.        2.4372E+10     14657.36
        583.00    5.2501E+03        11452.        2.3301E+10     13271.20
        582.62    1.0241E+04        13974.        2.2489E+10         0.00
        582.58    1.0854E+04        13940.        2.2395E+10     -1533.68
        582.50    1.1910E+04        13823.        2.2233E+10     -1542.97
        582.00    1.8626E+04        13036.        2.1169E+10     -1603.99
        581.00    3.0840E+04        11371.        1.9069E+10     -1726.05
        580.00    4.1328E+04         9584.        1.7022E+10     -1848.10
        579.10    4.9287E+04         8192.        1.5239E+10     -1244.79
        579.00    5.0101E+04         8102.        1.5045E+10      -568.15
        578.00    5.7896E+04         7467.        1.3156E+10      -700.93
        577.00    6.4991E+04         6700.        1.1366E+10      -833.72
        576.00    7.1252E+04         5800.        9.6886E+09      -966.50
        575.00    7.6546E+04         4767.        8.1340E+09     -1099.28
        574.00    8.0741E+04         3601.        6.7116E+09     -1232.07
        573.00    8.3705E+04         2303.        5.4285E+09     -1364.85
        572.00    8.5303E+04          872.        4.2899E+09     -1497.64
        571.00    8.5403E+04         -693.        3.2985E+09     -1630.42
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        570.00    8.3873E+04        -2389.        2.4543E+09     -1763.20
        569.00    8.0580E+04        -4219.        1.7549E+09     -1895.99
        568.00    7.5391E+04        -6181.        1.1945E+09     -2028.77
        567.00    6.8173E+04        -8276.        7.6399E+08     -2161.56
        566.03    5.9080E+04       -10442.        4.5813E+08     -2290.71
        566.00    5.8794E+04       -10504.        4.5102E+08     -2256.55
        565.00    4.7371E+04       -12135.        2.3933E+08     -1004.88
        564.00    3.4942E+04       -12514.        1.0935E+08       246.78
        563.00    2.2760E+04       -11641.        3.9785E+07      1498.44
        562.00    1.2077E+04        -9517.        9.7680E+06      2750.11
        561.00    4.1441E+03        -6141.        1.0165E+06      4001.77
        560.00    2.1280E+02        -1513.        2.3798E+03      5253.43
        559.72    0.0000E+00            0.        0.0000E+00      5602.38

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
    591.10            0.          0.          0.          0.          0.
    591.00            0.          0.          0.          0.          0.
    590.00            0.          0.          0.          0.          0.
    589.90            0.          0.          0.          0.          0.
    589.00            0.          0.          0.          0.       3027.
    588.00            0.          0.          0.          0.       2002.
    587.30            0.          0.          0.          0.       2124.
    587.00           19.          0.          0.          0.       2163.
    586.00           81.          0.          0.          0.       2262.
    585.00          144.          0.          0.          0.       2361.
    584.00          206.          0.          0.          0.       2460.
    583.50+         237.          0.          0.      16078.       2509.
    583.50-         237.       1658.          0.      16078.       2509.
    583.00          268.       1750.          0.      14753.       2612.
    582.62          292.       1820.          0.       1528.       2806.
    582.58+         295.       1828.          0.          0.       2828.
    582.58-         295.       1828.          0.          0.       2795.
    582.50          300.       1842.          0.          0.       2828.
    582.00          331.       1935.          0.          0.       2989.
    581.00          393.       2119.          0.          0.       3527.
    580.00          456.       2304.          0.          0.       4063.
    579.10+         456.       2390.          0.          0.       2575.
    579.10-         456.       1010.        159.          0.       2575.
    579.00          456.       1024.        161.          0.       2540.
    578.00          456.       1156.        182.          0.       4368.
    577.00          456.       1289.        203.          0.       5703.
    576.00          456.       1422.        223.          0.       7816.
    575.00          456.       1555.        244.          0.      11508.
    574.00          456.       1688.        265.          0.      20098.
    573.00          456.       1820.        286.          0.      18064.
    572.00          456.       1953.        307.          0.      77459.
    571.00          456.       2086.        328.          0.      69497.
    570.00          456.       2219.        349.          0.       1742.
    569.00          456.       2352.        370.          0.       9601.
    568.00          456.       2484.        390.          0.       9754.
    567.00          456.       2617.        411.          0.       9908.
    566.03          456.       2746.        432.          0.       2872.
    566.00          456.       2750.        432.          0.       2675.
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    565.00          456.       2883.        453.          0.       2739.
    564.00          456.       3015.        474.          0.      10188.
    563.00          456.       3148.        495.          0.      10339.
    562.00          456.       3281.        516.          0.      10489.
    561.00          456.       3414.        536.          0.       3666.
    560.00          456.       3547.        557.          0.       3744.
    559.72          456.       3679.        578.          0.      10796.
    558.00          456.       3812.        599.          0.      10945.
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:52:23

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 11+00 RS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 591.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        589.90
                    0.83        590.28
                    9.65        593.65
                   14.32        598.03
                   28.03        600.00
                   42.90        610.00
                   44.90        612.00

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        583.50

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    30.00    0.00     0.00    0.00  591.80   0.00   DEF  DEF
 125.00  120.00    35.00    0.00     0.00    0.00  584.30   0.00   DEF  DEF
 125.00  125.00    30.00    0.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  120.00    35.00    0.00     0.00    0.00  584.30   0.00   DEF  DEF
 125.00  125.00    30.00    0.00     0.00    0.00                  DEF  DEF

       VI.--WATER DATA
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          UNIT WEIGHT         = 62.40 (PCF)
          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:52:25

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 11+00 RS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  591.8     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  591.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.9     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.0     0.0       0.0      0.0      39.4     810.7      39.4     810.7
  588.0     0.0       0.0      0.0      81.0     228.0      81.0     228.0
  587.3     0.0       0.0      0.0     112.1    1382.9     112.1    1382.9
  587.0    18.7       0.0      0.0     142.0    1551.2     123.3    1532.5
  586.0    81.1       0.0      0.0     230.5    1989.9     149.4    1908.7
  585.0   143.5       0.0      0.0     305.5    2423.1     162.0    2279.6
  584.3   187.2       0.0      0.0     399.3    2527.3     212.1    2340.1
  584.0   205.9       0.0      0.0     444.0    2562.3     238.0    2356.4
  583.5   237.1       0.0      0.0     492.4    2830.1     255.3    2593.0
  583.0   268.3     384.7     42.3     156.1    2962.3     272.5    2736.2
  582.5   299.5     532.7     58.5      70.4    3246.8     303.6    3005.8
  582.0   330.7     680.7     74.8       1.5    3603.5     351.5    3347.6
  582.0   331.3     683.3     75.1       0.0    3607.8     352.0    3351.6
  581.0   393.1     976.6    107.3    -168.1    4075.6     415.4    3789.8
  580.0   455.5    1272.5    139.8    -368.6    4830.6     448.4    4514.9
  579.0   455.5    1568.5    172.3    -628.4    5502.1     484.5    5218.9
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  578.0   455.5    1864.4    204.9    -895.2    5948.8     513.7    5698.2
  577.0   455.5    2160.3    237.4   -1157.1    5966.3     547.7    5748.2
  576.0   455.5    2456.3    269.9   -1417.7    5792.7     583.1    5607.1
  575.0   455.5    2752.2    302.4   -1686.5    5803.6     610.2    5650.5
  574.0   455.5    3048.1    334.9   -1956.3    5846.5     636.3    5726.0
  573.0   455.5    3344.1    367.5   -2225.3    5893.7     663.2    5805.7
  572.0   455.5    3640.0    400.0   -2487.9    6000.7     696.6    5945.1
  571.0   455.5    3936.0    432.5   -2749.6    6107.6     730.8    6084.6
  570.0   455.5    4231.9    465.0   -3015.8    6331.3     760.5    6340.8
  569.0   455.5    4527.8    497.5   -3281.8    6828.9     790.5    6870.9
  568.0   455.5    4823.8    530.1   -3547.8    7061.6     820.5    7136.2
  567.0   455.5    5119.7    562.6   -3813.8    7197.4     850.4    7304.4
  566.0   455.5    5415.6    595.1   -4079.9    7738.0     880.2    7877.6
  565.0   455.5    5711.6    627.6   -4348.0    8358.6     908.0    8530.6
  564.0   455.5    6007.5    660.1   -4618.7    8567.0     933.3    8771.6
  563.0   455.5    6303.4    692.7   -4760.7    8692.4    1087.2    8929.6
  562.0   455.5    6599.4    725.2   -4944.3    9209.9    1199.5    9479.5
  561.0   455.5    6895.3    757.7   -5259.9    9790.2    1179.9   10092.3
  560.0   455.5    7191.2    790.2   -5536.6   10370.5    1199.1   10705.2
  559.0   455.5    7487.2    822.7   -5794.4   10902.0    1237.3   11269.2
  558.0   455.5    7783.1    855.2   -6034.8   11055.7    1292.8   11455.4
  557.0   455.5    8079.1    887.8   -6293.7   11247.3    1329.9   11679.6
  556.0   455.5    8375.0    920.3   -6569.6   11806.0    1349.9   12270.7
  555.0   455.5    8670.9    952.8   -6845.6   12364.6    1369.8   12861.9
  554.0   455.5    8966.9    985.3   -7121.5   12924.3    1389.8   13454.1
  553.0   455.5    9262.8   1017.8   -7397.5   13673.2    1409.8   14235.5

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:52:26

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 11+00 RS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

     WALL BOTTOM ELEV. (FT)     :      573.81
           PENETRATION (FT)     :        9.69

     MAX. BEND. MOMENT (LB-FT)  :  8.3671E+03
           AT ELEVATION (FT)    :      578.15

     MAX. SCALED DEFL. (LB-IN^3):  1.2431E+09
           AT ELEVATION (FT)    :      591.80
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               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:52:26

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 11+00 RS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        591.80    0.0000E+00            0.        1.2431E+09         0.00
        591.00    1.3844E-10            0.        1.1643E+09         0.00
        590.00   -3.0559E-10            0.        1.0659E+09         0.00
        589.90   -5.0414E-08            0.        1.0560E+09         0.00
        589.00    5.3182E+00           18.        9.6738E+08        39.39
        588.00    4.9674E+01           78.        8.6893E+08        80.98
        587.30    1.2660E+02          146.        8.0006E+08       112.14
        587.00    1.7575E+02          184.        7.7057E+08       142.00
        586.00    4.4513E+02          370.        6.7253E+08       230.49
        585.00    9.4274E+02          638.        5.7530E+08       305.47
        584.30    1.4717E+03          885.        5.0816E+08       399.32
        584.00    1.7557E+03         1011.        4.7974E+08       443.96
        583.50    2.3188E+03         1245.        4.3301E+08       492.40
        583.00    2.9889E+03         1407.        3.8728E+08       156.12
        582.50    3.7084E+03         1464.        3.4284E+08        70.42
        582.00    4.4463E+03         1482.        3.0001E+08         1.52
        581.99    4.4596E+03         1482.        2.9926E+08         0.00
        581.00    5.9007E+03         1399.        2.2043E+08      -168.07
        580.00    7.1818E+03         1130.        1.5101E+08      -368.62
        579.00    8.0844E+03          632.        9.3956E+07      -628.40
        578.00    8.3575E+03         -130.        5.0778E+07      -895.22
        577.00    7.7361E+03        -1156.        2.1913E+07     -1157.10
        576.00    5.9579E+03        -2444.        6.2490E+06     -1417.70
        575.39    4.1832E+03        -3363.        1.9312E+06     -1582.45
        575.00    2.8089E+03        -3622.        6.7710E+05       245.91
        574.00    9.7453E+01        -1014.        5.0202E+02      4970.71
        573.81    0.0000E+00            0.        0.0000E+00      5855.37

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
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                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
    591.80            0.          0.          0.          0.          0.
    591.00            0.          0.          0.          0.          0.
    590.00            0.          0.          0.          0.          0.
    589.90            0.          0.          0.          0.          0.
    589.00            0.          0.          0.         39.        811.
    588.00            0.          0.          0.         81.        228.
    587.30            0.          0.          0.        112.       1383.
    587.00           19.          0.          0.        123.       1532.
    586.00           81.          0.          0.        149.       1909.
    585.00          144.          0.          0.        162.       2280.
    584.30          187.          0.          0.        212.       2340.
    584.00          206.          0.          0.        238.       2356.
    583.50          237.          0.          0.        255.       2593.
    583.00          268.        385.         42.        273.       2736.
    582.50          300.        533.         59.        304.       3006.
    582.00          331.        681.         75.        351.       3348.
    581.99          331.        683.         75.        352.       3352.
    581.00          393.        977.        107.        415.       3790.
    580.00          456.       1273.        140.        448.       4515.
    579.00          456.       1568.        172.        485.       5219.
    578.00          456.       1864.        205.        514.       5698.
    577.00          456.       2160.        237.        548.       5748.
    576.00          456.       2456.        270.        583.       5607.
    575.39          456.       2638.        290.        600.       5634.
    575.00          456.       2752.        302.        610.       5650.
    574.00          456.       3048.        335.        636.       5726.
    573.81          456.       3344.        367.        663.       5806.
    572.00          456.       3640.        400.        697.       5945.
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 PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:53:12

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 12+00 RS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 590.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        589.40
                    2.14        590.20
                   15.60        597.50
                   24.40        600.00
                   30.60        602.00
                   36.30        604.00
                   48.00        606.00

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        583.10

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    30.00    0.00     0.00    0.00  591.80   0.00   DEF  DEF
 125.00  120.00    35.00    0.00     0.00    0.00  584.30   0.00   DEF  DEF
 125.00  125.00    30.00    0.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  120.00    35.00    0.00     0.00    0.00  584.30   0.00   DEF  DEF
 125.00  125.00    30.00    0.00     0.00    0.00                  DEF  DEF

       VI.--WATER DATA
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          UNIT WEIGHT         = 62.40 (PCF)
          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:53:14

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 12+00 RS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  591.8     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.4     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.0     0.0       0.0      0.0      37.1   11880.8      37.1   11880.8
  588.0     0.0       0.0      0.0      51.2     168.0      51.2     168.0
  587.3     0.0       0.0      0.0      79.9     252.0      79.9     252.0
  587.0    18.7       0.0      0.0     108.3    1213.0      89.6    1194.3
  586.0    81.1       0.0      0.0     207.6    1994.4     126.5    1913.3
  585.0   143.5       0.0      0.0     314.3    2644.2     170.8    2500.6
  584.3   187.2       0.0      0.0     407.9    2732.5     220.7    2545.3
  584.0   205.9       0.0      0.0     448.8    2796.6     242.9    2590.7
  583.1   262.1       0.0      0.0     547.5    3200.2     285.5    2938.1
  583.0   268.3     384.7     42.3     173.7    3206.7     290.1    2980.6
  582.1   324.5     651.1     71.5       4.3    3623.9     330.9    3371.0
  582.1   325.9     657.8     72.3       0.0    3634.5     331.9    3380.8
  582.0   330.7     680.7     74.8     -14.5    3670.3     335.4    3414.3
  581.0   393.1     976.6    107.3    -202.8    4133.9     380.7    3848.1
  580.0   455.5    1272.5    139.8    -392.2    4597.5     424.8    4281.8
  579.0   455.5    1568.5    172.3    -650.5    4996.1     462.4    4712.9
  578.0   455.5    1864.4    204.9    -915.1    5327.7     493.8    5077.1
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  577.0   455.5    2160.3    237.4   -1166.3    5468.8     538.5    5250.6
  576.0   455.5    2456.3    269.9   -1422.0    5640.6     578.7    5455.0
  575.0   455.5    2752.2    302.4   -1691.2    5846.0     605.5    5692.9
  574.0   455.5    3048.1    334.9   -1955.2    5987.2     637.4    5866.7
  573.0   455.5    3344.1    367.5   -2219.2    6187.9     669.3    6099.8
  572.0   455.5    3640.0    400.0   -2483.2    6393.4     701.2    6337.8
  571.0   455.5    3936.0    432.5   -2747.3    6610.1     733.2    6587.1
  570.0   455.5    4231.9    465.0   -3011.0    6833.2     765.4    6842.7
  569.0   455.5    4527.8    497.5   -3273.9    7056.3     798.4    7098.3
  568.0   455.5    4823.8    530.1   -3536.4    7279.4     831.8    7354.0
  567.0   455.5    5119.7    562.6   -3798.9    7505.9     865.3    7613.0
  566.0   455.5    5415.6    595.1   -4061.4    7748.1     898.7    7887.6
  565.0   455.5    5711.6    627.6   -4324.4    8004.4     931.7    8176.5
  564.0   455.5    6007.5    660.1   -4587.9    8262.7     964.0    8467.3
  563.0   455.5    6303.4    692.7   -4851.4    8519.6     996.5    8756.8
  562.0   455.5    6599.4    725.2   -5114.6    8742.2    1029.2    9011.9
  561.0   455.5    6895.3    757.7   -5377.9    8918.1    1061.9    9220.3
  560.0   455.5    7191.2    790.2   -5641.2    9038.6    1094.6    9373.3
  559.0   455.5    7487.2    822.7   -5906.6    9104.6    1125.0    9471.8
  558.0   455.5    7783.1    855.2   -6175.3    9210.3    1152.3    9610.0
  557.0   455.5    8079.1    887.8   -6445.2    9368.2    1178.4    9800.5
  556.0   455.5    8375.0    920.3   -6709.5    9525.8    1210.0    9990.5
  555.0   455.5    8670.9    952.8   -6969.8    9678.8    1245.6   10176.1
  554.0   455.5    8966.9    985.3   -7235.6    9657.5    1275.7   10187.3
  553.0   455.5    9262.8   1017.8   -7505.3    9577.6    1302.0   10139.9

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:53:15

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 12+00 RS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

     WALL BOTTOM ELEV. (FT)     :      574.04
           PENETRATION (FT)     :        9.06

     MAX. BEND. MOMENT (LB-FT)  :  7.8367E+03
           AT ELEVATION (FT)    :      578.25

     MAX. SCALED DEFL. (LB-IN^3):  1.1183E+09
           AT ELEVATION (FT)    :      591.80
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               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:53:15

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 12+00 RS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        591.80    0.0000E+00            0.        1.1183E+09         0.00
        590.00   -9.0992E-11            0.        9.5866E+08         0.00
        589.40   -1.4978E-11            0.        9.0546E+08         0.00
        589.00    9.8959E-01            7.        8.6999E+08        37.11
        588.00    2.9308E+01           52.        7.8133E+08        51.16
        587.30    8.0279E+01           97.        7.1930E+08        79.88
        587.00    1.1353E+02          126.        6.9273E+08       108.32
        586.00    3.0988E+02          284.        6.0434E+08       207.58
        585.00    7.1506E+02          545.        5.1652E+08       314.34
        584.30    1.1809E+03          797.        4.5574E+08       407.86
        584.00    1.4391E+03          926.        4.2997E+08       448.77
        583.10    2.4674E+03         1374.        3.5422E+08       547.54
        583.00    2.6069E+03         1410.        3.4598E+08       173.70
        582.10    3.9236E+03         1490.        2.7421E+08         4.28
        582.08    3.9575E+03         1490.        2.7246E+08         0.00
        582.00    4.0726E+03         1490.        2.6654E+08       -14.54
        581.00    5.5238E+03         1381.        1.9413E+08      -202.79
        580.00    6.7720E+03         1084.        1.3124E+08      -392.16
        579.00    7.6165E+03          562.        7.9988E+07      -650.54
        578.00    7.8095E+03         -221.        4.1808E+07      -915.12
        577.00    7.0895E+03        -1261.        1.6991E+07     -1166.32
        576.00    5.2025E+03        -2555.        4.2559E+06     -1422.04
        575.52    3.7943E+03        -3275.        1.5405E+06     -1552.31
        575.00    2.0141E+03        -3398.        3.0919E+05      1077.18
        574.04    0.0000E+00            0.        0.0000E+00      5981.95

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
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    591.80            0.          0.          0.          0.          0.
    590.00            0.          0.          0.          0.          0.
    589.40            0.          0.          0.          0.          0.
    589.00            0.          0.          0.         37.      11881.
    588.00            0.          0.          0.         51.        168.
    587.30            0.          0.          0.         80.        252.
    587.00           19.          0.          0.         90.       1194.
    586.00           81.          0.          0.        126.       1913.
    585.00          144.          0.          0.        171.       2501.
    584.30          187.          0.          0.        221.       2545.
    584.00          206.          0.          0.        243.       2591.
    583.10          262.          0.          0.        285.       2938.
    583.00          268.        385.         42.        290.       2981.
    582.10          324.        651.         72.        331.       3371.
    582.08          326.        658.         72.        332.       3381.
    582.00          331.        681.         75.        335.       3414.
    581.00          393.        977.        107.        381.       3848.
    580.00          456.       1273.        140.        425.       4282.
    579.00          456.       1568.        172.        462.       4713.
    578.00          456.       1864.        205.        494.       5077.
    577.00          456.       2160.        237.        538.       5251.
    576.00          456.       2456.        270.        579.       5455.
    575.52          456.       2599.        286.        592.       5570.
    575.00          456.       2752.        302.        605.       5693.
    574.04          456.       3048.        335.        637.       5867.
    573.00          456.       3344.        367.        669.       6100.
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:54:17

                              ****************
                              *  INPUT DATA  *
                              ****************

        I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 15+00 RS 

       II.--CONTROL
          CANTILEVER WALL DESIGN
          FACTOR OF SAFETY FOR ACTIVE PRESSURES  = 1.00
          FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50

      III.--WALL DATA
          ELEVATION AT TOP OF WALL    = 590.00 FT.

       IV.--SURFACE POINT DATA

            IV.A.--RIGHTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        589.20
                   16.70        596.80
                   26.30        598.00
                   29.50        600.00

            IV.B.--LEFTSIDE
               DIST. FROM     ELEVATION
               WALL (FT)         (FT)
                    0.00        583.10

        V.--SOIL LAYER DATA

           V.A.--RIGHTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    32.00    0.00     0.00    0.00  595.20   0.00   DEF  DEF
 125.00  125.00    34.00    0.00     0.00    0.00  587.70   0.00   DEF  DEF
 125.00  125.00    10.00  200.00     0.00    0.00  583.20   0.00   DEF  DEF
 125.00  120.00    33.00    0.00     0.00    0.00  577.20   0.00   DEF  DEF
 125.00  125.00    18.00  750.00     0.00    0.00                  DEF  DEF

           V.B.--LEFTSIDE
               LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE  = DEFAULT
               LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE = DEFAULT

                 ANGLE OF         ANGLE OF                        <-SAFETY->
   SAT.   MOIST  INTERNAL  COH-     WALL    ADH-    <--BOTTOM-->  <-FACTOR->
  WGHT.   WGHT.  FRICTION  ESION  FRICTION  ESION   ELEV.  SLOPE  ACT. PASS.
  (PCF)   (PCF)    (DEG)   (PSF)    (DEG)   (PSF)   (FT)  (FT/FT)
 125.00  125.00    10.00  200.00     0.00    0.00  583.20   0.00   DEF  DEF
 125.00  120.00    33.00    0.00     0.00    0.00  577.20   0.00   DEF  DEF
 125.00  125.00    18.00  750.00     0.00    0.00                  DEF  DEF

       VI.--WATER DATA
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          UNIT WEIGHT         = 62.40 (PCF)
          RIGHTSIDE ELEVATION = 587.30 (FT)
          LEFTSIDE ELEVATION  = 580.00 (FT)
          NO SEEPAGE

      VII.--VERTICAL SURCHARGE LOADS
          NONE

     VIII.--HORIZONTAL LOADS
          NONE

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:54:19

                            **************************
                            *   SOIL PRESSURES FOR   *
                            * CANTILEVER WALL DESIGN *
                            **************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 15+00 RS 

     II.--SOIL PRESSURES

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.

                                     <------NET------>
           NET    <---LEFTSIDE--->     (SOIL + WATER)     <--RIGHTSIDE--->
  ELEV.   WATER   PASSIVE   ACTIVE    ACTIVE   PASSIVE    ACTIVE   PASSIVE
  (FT)    (PSF)     (PSF)    (PSF)     (PSF)     (PSF)     (PSF)     (PSF)
  595.2     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  590.0     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.2     0.0       0.0      0.0       0.0       0.0       0.0       0.0
  589.0     0.0       0.0      0.0     186.7    1141.1     186.7    1141.1
  588.0     0.0       0.0      0.0      53.0     391.2      53.0     391.2
  587.8+    0.0       0.0      0.0       0.0     657.4       0.0     657.4
  587.8-    0.0       0.0      0.0       0.0     550.7       0.0     550.7
  587.7     0.0       0.0      0.0       0.0     657.4       0.0     657.4
  587.3     0.0       0.0      0.0       0.0     986.6       0.0     986.6
  587.0    18.7       0.0      0.0      18.7     992.2       0.0     973.5
  586.0    81.1       0.0      0.0      81.1    1244.8       0.0    1163.7
  585.0   143.5       0.0      0.0     189.0    1545.0      45.4    1401.5
  584.0   205.9       0.0      0.0     369.0    1896.8     163.1    1690.8
  583.2   255.8       0.0      0.0     600.9    2799.7     345.0    2543.8
  583.1+  262.1       0.0      0.0     624.4    2915.4     362.3    2653.3
  583.1-  262.1     299.8      0.0     324.5    2915.4     362.3    2653.3
  583.0   268.3     331.5      0.0     302.7    2954.7     365.8    2686.4
  582.1   324.5     473.7      0.0     248.6    3258.5     397.8    2934.1
  582.0   330.7     489.5      0.0     242.5    3299.4     401.3    2968.6
  581.0   393.1     647.5      0.0     175.9    3726.9     430.3    3333.8
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  580.0   455.5     805.6      0.0     109.4    4148.0     459.5    3692.5
  579.4   455.5     902.6      0.0      28.1    4384.6     475.2    3929.1
  579.2   455.5     936.1     18.7       0.0    4447.8     480.6    4011.0
  579.0   455.5     963.6     34.0     -23.0    4499.6     485.1    4078.1
  578.0   455.5    1121.7    122.0    -161.3    4801.0     504.9    4467.5
  577.4+  455.5    1217.9    175.6    -762.3    5199.9       0.0    4981.4
  577.4-  455.5    1217.9    175.6    -762.3    5199.9       0.0    4858.4
  577.2   455.5    1248.1    192.4    -792.6    5244.5       0.0    4981.4
  577.0   455.5    1279.7    210.0    -824.2    5340.9       0.0    5095.4
  576.0   455.5    1437.8    298.0    -982.3    5429.2       0.0    5271.7
  575.0   455.5    1595.8    386.1   -1140.3    5373.7       0.0    5304.2
  574.0   455.5    1753.9    474.1   -1298.3    5282.8       0.0    5301.3
  573.0   455.5    1911.9    562.1   -1456.4    5218.6       0.0    5325.1
  572.0   455.5    2070.0    650.1   -1614.4    5175.8       0.0    5370.4
  571.0   455.5    2228.0    738.1   -1772.5    5168.2       0.0    5450.8
  571.0+  455.5    2232.6    740.7   -1777.1    5244.0       0.0    5603.1
  571.0-  455.5    2232.6    740.7   -1777.1    5244.0       0.0    5455.2
  570.0   455.5    2386.0    826.1   -1881.4    5232.5      49.1    5603.1
  569.0   455.5    2544.1    914.1   -1989.8    5438.8      98.7    5897.4
  568.0   455.5    2702.1   1002.1   -2100.4    5485.6     146.2    6032.2
  567.0   455.5    2860.2   1090.1   -2201.9    5586.5     202.8    6221.2
  566.0   455.5    3018.2   1178.1   -2302.7    5868.2     260.0    6590.8
  565.0   455.5    3176.3   1266.2   -2422.6    5964.7     298.2    6775.3
  564.0   455.5    3334.3   1354.2   -2548.2    5970.3     330.5    6869.0
  563.0   455.5    3492.4   1442.2   -2666.3    5915.7     370.6    6902.4
  562.0   455.5    3650.4   1530.2   -2780.1    5777.3     414.8    6852.0
  561.0   455.5    3808.4   1618.2   -2893.1    5522.7     459.8    6685.4
  560.0   455.5    3966.5   1706.2   -3005.0    5235.8     506.0    6486.5
  559.0   455.5    4124.5   1794.2   -3116.6    5133.9     552.4    6472.6
  558.0   455.5    4282.6   1882.2   -3229.4    5194.2     597.7    6620.9
  557.0   455.5    4440.6   1970.2   -3336.2    5285.2     648.9    6799.9
  556.0   455.5    4598.7   2058.3   -3434.0    5366.5     709.2    6969.2
  555.0   455.5    4756.7   2146.3   -3529.8    5400.2     771.4    7091.0
  554.0   455.5    4914.8   2234.3   -3630.3    5396.0     828.9    7174.8
  553.0   455.5    5072.8   2322.3   -3751.9    5382.4     865.4    7249.2

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:54:20

                         ****************************
                         *  SUMMARY OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

      I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 15+00 RS 

     II.--SUMMARY

          RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

          LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
          AND THEORY OF ELLASTICITY EQUATIONS FOR SURCHARGE LOADS.
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     WALL BOTTOM ELEV. (FT)     :      570.70
           PENETRATION (FT)     :       12.40

     MAX. BEND. MOMENT (LB-FT)  :  1.1857E+04
           AT ELEVATION (FT)    :      575.83

     MAX. SCALED DEFL. (LB-IN^3):  2.8843E+09
           AT ELEVATION (FT)    :      595.20

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

  PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHOREDOR CANTILEVER SHEET PILE WALLS
                            BY CLASSICAL METHODS
  DATE: 1-APRIL-2013                                          TIME: 9:54:20

                         ****************************
                         * COMPLETE OF RESULTS FOR  *
                         *  CANTILEVER WALL DESIGN  *
                         ****************************

       I.--HEADING
       'MENOMONEE SSP WALL ANALYSIS 15+00 RS 

      II.--RESULTS

                     BENDING                        SCALED         NET
      ELEVATION      MOMENT          SHEAR        DEFLECTION     PRESSURE
         (FT)        (LB-FT)          (LB)         (LB-IN^3)       (PSF)
        595.20    0.0000E+00            0.        2.8843E+09         0.00
        590.00   -5.7248E-11            0.        2.0605E+09         0.00
        589.20   -3.0985E-10            0.        1.9337E+09         0.00
        589.00    1.2446E+00           19.        1.9020E+09       186.69
        588.00    9.0973E+01          139.        1.7436E+09        52.98
        587.82    1.1643E+02          143.        1.7151E+09         0.00
        587.70    1.3367E+02          143.        1.6961E+09         0.00
        587.30    1.9097E+02          143.        1.6328E+09         0.00
        587.00    2.3423E+02          146.        1.5853E+09        18.72
        586.00    4.0006E+02          196.        1.4275E+09        81.12
        585.00    6.5459E+02          331.        1.2704E+09       188.96
        584.00    1.1101E+03          610.        1.1144E+09       369.05
        583.20    1.7410E+03          998.        9.9094E+08       600.85
        583.10+   1.8438E+03         1059.        9.7563E+08       624.38
        583.10-   1.8438E+03         1059.        9.7563E+08       324.53
        583.00    1.9513E+03         1091.        9.6035E+08       302.71
        582.10    3.0482E+03         1339.        8.2461E+08       248.57
        582.00    3.1833E+03         1363.        8.0977E+08       242.51
        581.00    4.6567E+03         1572.        6.6472E+08       175.90
        580.00    6.3060E+03         1715.        5.2774E+08       109.38
        579.39    7.3739E+03         1757.        4.4890E+08        28.13
        579.17    7.7476E+03         1760.        4.2269E+08         0.00
        579.00    8.0537E+03         1758.        4.0167E+08       -23.04
        578.00    9.7774E+03         1666.        2.8952E+08      -161.30
        577.39    1.0724E+04         1385.        2.2935E+08      -762.34
        577.20    1.0975E+04         1236.        2.1181E+08      -792.60
        577.00    1.1207E+04         1075.        1.9423E+08      -824.21
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        576.00    1.1843E+04          171.        1.1818E+08      -982.25
        575.00    1.1496E+04         -890.        6.2458E+07     -1140.30
        574.00    1.0010E+04        -2109.        2.6437E+07     -1298.34
        573.00    7.2252E+03        -3487.        7.5266E+06     -1456.39
        572.75    6.3254E+03        -3849.        4.9999E+06     -1495.17
        572.00    3.2301E+03        -4044.        9.0351E+05       978.19
        571.00    2.2161E+02        -1427.        2.9474E+03      4255.87
        570.97    1.8197E+02        -1302.        1.9678E+03      4351.11
        570.70    0.0000E+00            0.        0.0000E+00      5240.78

               NOTE:  DIVIDE SCALED DEFLECTION MODULUS OF
                      ELLASTICITY IN PSI TIMES PILE MOMENT
                      OF INERTIA IN IN^4 TO OBTAIN DEFLECTION
                      IN INCHES.

     III.--WATER AND SOIL PRESSURES

                             <-------------SOIL PRESSURES-------------->
                  WATER      <----LEFTSIDE----->      <---RIGHTSIDE---->
   ELEVATION    PRESSURE     PASSIVE      ACTIVE      ACTIVE     PASSIVE
      (FT)        (PSF)       (PSF)        (PSF)       (PSF)      (PSF)
    595.20            0.          0.          0.          0.          0.
    590.00            0.          0.          0.          0.          0.
    589.20            0.          0.          0.          0.          0.
    589.00            0.          0.          0.        187.       1141.
    588.00            0.          0.          0.         53.        391.
    587.82+           0.          0.          0.          0.        657.
    587.82-           0.          0.          0.          0.        551.
    587.70            0.          0.          0.          0.        657.
    587.30            0.          0.          0.          0.        987.
    587.00           19.          0.          0.          0.        973.
    586.00           81.          0.          0.          0.       1164.
    585.00          144.          0.          0.         45.       1401.
    584.00          206.          0.          0.        163.       1691.
    583.20          256.          0.          0.        345.       2544.
    583.10+         262.          0.          0.        362.       2653.
    583.10-         262.        300.          0.        362.       2653.
    583.00          268.        331.          0.        366.       2686.
    582.10          324.        474.          0.        398.       2934.
    582.00          331.        490.          0.        401.       2969.
    581.00          393.        648.          0.        430.       3334.
    580.00          456.        806.          0.        459.       3692.
    579.39          456.        903.          0.        475.       3929.
    579.17          456.        936.         19.        481.       4011.
    579.00          456.        964.         34.        485.       4078.
    578.00          456.       1122.        122.        505.       4468.
    577.39+         456.       1218.        176.          0.       4981.
    577.39-         456.       1218.        176.          0.       4858.
    577.20          456.       1248.        192.          0.       4981.
    577.00          456.       1280.        210.          0.       5095.
    576.00          456.       1438.        298.          0.       5272.
    575.00          456.       1596.        386.          0.       5304.
    574.00          456.       1754.        474.          0.       5301.
    573.00          456.       1912.        562.          0.       5325.
    572.75          456.       1951.        584.          0.       5336.
    572.00          456.       2070.        650.          0.       5370.
    571.00          456.       2228.        738.          0.       5451.
    570.97+         456.       2233.        741.          0.       5603.
    570.97-         456.       2233.        741.          0.       5455.
    570.70          456.       2386.        826.         49.       5603.
    569.00          456.       2544.        914.         99.       5897.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta. 0+50 LS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 125

Height of Wall, H' = 12 FT

(Das Eqtn 11.44)

α = 9 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.346288502

Rankine Active Force, Pa = 3116.596519 LB/FT

Pv = Pasinα = 1267.634006 LB/FT

Ph = Pacosα = 2847.152593 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.50 0.89 355.64
2 14.00 2100.00 3.08 6474.30
3 10.70 1605.00 6.17 9902.85
4 10.67 1600.50 6.61 10583.82
5 30.00 4500.00 8.75 39375.00
Pv 1267.634006 10 12676.34

ΣV 11473.63 ΣMR 79367.95

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 11388.61037 LB-FT/FT

'coscoscos

'coscoscos
cos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta. 0+50 LS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 7.0 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 30 deg

Φ'2 = 36 deg

Width of Wall, B = 10 FT
Cohesion, c'2 = 0 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 1.77 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 2+00 LS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 125

Height of Wall, H' = 12 FT

(Das Eqtn 11.44)

α = 2 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.333943995

Rankine Active Force, Pa = 3005.495954 LB/FT

Pv = Pasinα = 1222.445335 LB/FT

Ph = Pacosα = 2745.657177 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.05 0.89 355.21
2 14.00 2100.00 3.08 6474.72
3 10.66 1599.00 6.17 9860.07
4 10.66 1599.00 6.59 10542.25
5 31.25 4687.50 8.75 41013.75
Pv 1222.445335 10.00 12223.84

ΣV 11608.00 ΣMR 80469.84

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 10982.62871 LB-FT/FT

'coscoscos

'coscoscos
cos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 2+00 LS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 7.3 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 30 deg

Φ'2 = 36 deg

Width of Wall, B = 9.9995 FT
Cohesion, c'2 = 0 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 1.86 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta. 2+00 RS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 5

Height of Wall, H' = 12.5 FT

(Das Eqtn 11.44)

α = 24 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.472376676

Rankine Active Force, Pa = 4613.053474 LB/FT

Pv = Pasinα = 1876.297885 LB/FT

Ph = Pacosα = 4214.234047 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.05 0.89 355.59
2 14.00 2100.00 3.08 6474.30
3 11.33 1699.50 6.25 10621.03
4 12.04 1806.00 6.72 12135.92
5 31.25 4687.50 8.92 41795.16
Pv 1876.297885 10.17 19081.95

ΣV 12569.35 ΣMR 90463.94

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 17559.30853 LB-FT/FT

'coscoscos

'coscoscos
cos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta. 2+00 RS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 5.2 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 30 deg

Φ'2 = 36 deg

Width of Wall, B = 10.17 FT
Cohesion, c'2 = 0 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 1.31 NO GOOD

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

SLIDING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

Height of Wall, H' = 12.5 FT

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stab Anal Sta. 2+00 RS Post Const

Assumptions: The battered h-piles embedded into the concrete grade beam were neglected.

aa KHP 2
1 '

2

1 

Height of Wall, H  = 12.5 FT

(Das Eqtn 11.44)

α = 24 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.472376676

Rankine Active Force, Pa = 4613.053474 LB/FT

Pv = Pasinα = 1876.297885 LB/FT

Ph = Pacosα = 4214.234047 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.05 0.89 355.59
2 14.00 2100.00 3.08 6474.30
3 11.33 1699.50 6.25 10621.03
4 12.04 1806.00 6.72 12135.92
5 31.25 4687.50 8.92 41795.16
Pv 1876.297885 10.17 19081.95

ΣV 12569.35 ΣMR 90463.94

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 30 deg

aa KHP 2
1 '

2

1 

'coscoscos

'coscoscos
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Φ'2 = 36 deg

Width of Wall, B = 10.17 FT
Cohesion, c'2 = 0 LB/FT2

Unit Weight of Riprap, γ = 130 LB/FT3

Height of Riprap in Front of Concrete Grade Beam = 4 FT

(Das Eqtn 11.47)

α = 21 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 2.046622647

(Das Eqtn 11.46)

Rankine Passive Force, Pp = 2128.487553 LB/FT

Factor of Safety for Sliding, FS(sliding) = 1.82 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 8+00 RS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 5

Height of Wall, H' = 12 FT

(Das Eqtn 11.44)

α = 21 deg
Φ' = 35 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.328267474

Rankine Active Force, Pa = 2954.407267 LB/FT

Pv = Pasinα = 1201.665694 LB/FT

Ph = Pacosα = 2698.985339 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.50 0.89 355.99
2 14.00 2100.00 3.08 6474.30
3 10.66 1599.00 6.17 9859.75
4 10.66 1599.00 6.61 10567.51
5 30.00 4500.00 8.75 39372.30
Pv 1201.665694 10 12016.66

ΣV 11400.17 ΣMR 78646.51

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 10795.94136 LB-FT/FT

'coscoscos

'coscoscos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 8+00 RS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 7.3 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 35 deg

Φ'2 = 18 deg

Width of Wall, B = 10 FT
Cohesion, c'2 = 1003 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 3.34 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 11+00 RS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 5

Height of Wall, H' = 8.5 FT

(Das Eqtn 11.44)

α = 8 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.343462222

Rankine Active Force, Pa = 1550.946596 LB/FT

Pv = Pasinα = 630.8268119 LB/FT

Ph = Pacosα = 1416.860217 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.50 0.89 355.99
2 14.00 2100.00 3.08 6474.30
3 6.00 900.00 5.58 5024.88
4 3.37 505.50 5.83 2948.68
5 21.25 3187.50 7.58 24170.81
Pv 630.8268119 8.833 5572.09

ΣV 7724.33 ΣMR 44546.76

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 4014.437283 LB-FT/FT

'coscoscos

'coscoscos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 11+00 RS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 11.1 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 30 deg

Φ'2 = 35 deg

Width of Wall, B = 8.833 FT
Cohesion, c'2 = 0 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 2.33 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 12+00 RS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 5

Height of Wall, H' = 8.5 FT

(Das Eqtn 11.44)

α = 16 deg
Φ' = 30 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.379435101

Rankine Active Force, Pa = 1713.38663 LB/FT

Pv = Pasinα = 696.8971262 LB/FT

Ph = Pacosα = 1565.256573 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.50 0.89 355.99
2 14.00 2100.00 3.08 6474.30
3 6.00 900.00 5.58 5024.79
4 3.37 505.50 5.83 2948.62
5 21.25 3187.50 7.58 24170.81
Pv 696.8971262 8.833 6155.69

ΣV 7790.40 ΣMR 45130.20

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 4434.893624 LB-FT/FT

'coscoscos

'coscoscos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 12+00 RS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 10.2 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 30 deg

Φ'2 = 35 deg

Width of Wall, B = 8.833 FT
Cohesion, c'2 = 0 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 2.12 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

OVERTURNING

(Das Eqtn 11.45)

Unit Weight of Soil, γ1 = 125 LB/FT3

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 15+00 RS

Assumptions: There will be no soil supporting the passive side of the structure during construction. The battered h-piles embedded into the concrete grade beam 
were neglected.

aa KHP 2
1 '

2

1 

g , γ1 5

Height of Wall, H' = 8.5 FT

(Das Eqtn 11.44)

α = 7 deg
Φ' = 32 deg
Coefficient of Rankine's Active 
Earth Pressure, Ka = 0.313789497

Rankine Active Force, Pa = 1416.955698 LB/FT

Pv = Pasinα = 576.3278042 LB/FT

Ph = Pacosα = 1294.453442 LB/FT

Section No. Area (ft2)
Weight/Unit 

Length 
(LB/FT) *

Moment Arm 
(FT)

Moment 
(LB-FT/FT)

1 2.67 400.50 0.89 355.99
2 14.00 2100.00 3.08 6474.30
3 6.00 900.00 6.08 5474.88
4 3.37 505.50 5.83 2948.62
5 21.25 3187.50 7.58 24170.81
Pv 576.3278042 8.833 5090.70

ΣV 7669.83 ΣMR 44515.30

*Concrete Unit Weight = 150 lb/ft3

(Das Eqtn 13.4)

Overturning Moment, ΣMo = 3667.618086 LB-FT/FT

'coscoscos
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COMPUTED BY: DATE:

T. Smith 1/28/2013
CHECKED BY: DATE:

E. Lenhardt 3/28/2013

PROJECT TITLE:

Menomonee River Aquatic Habitat Restoration

COMPUTATION TITLE:

WPA Wall Stability Analysis Sta 15+00 RS

(Das Eqtn 13.3)

Factor of Safety for Overturning, FS(overturning) = 12.1 OKAY, since FS>2

SLIDING

(Das Eqtn 13.13)

Assume k1 = k2 = 0.66 (Varies between 0.5 - 0.66)

Φ'1 = 32 deg

Φ'2 = 10 deg

Width of Wall, B = 8.833 FT
Cohesion, c'2 = 200 LB/FT2

Pp = 0 LB/FT

Factor of Safety for Sliding, FS(sliding) = 1.59 OKAY, since FS>1.5

REFERENCES

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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Appendix A – Engineering Appendix 
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1

Smith, Timothy C LRE

From: Allie, Matthew A - DOT [Matthew.Allie@dot.wi.gov]
Sent: Monday, February 25, 2013 4:00 PM
To: Grimmer, Michelle L LRE
Cc: Bolka, John - DOT; Ksontini, Najoua - DOT; Check, Steven G LRE; Smith, Timothy C LRE
Subject: RE: Menomonee River Fish Passage Project (UNCLASSIFIED)

Michelle, 
 
Thanks for sending the HEC‐RAS model. I have finished looking over the cross sections near 
the interstate bridges. I agree with the scour assessment that was done using values from the 
HEC‐RAS output as well as removing the concrete channel and replacing it with riprap. We 
would like to be kept aware of the progress of the design as the plans and specs are 
completed. 
 
Thanks, 
 
Matthew Allie 
Hydraulic Design Engineer 
WisDOT Bureau of Structures 
608.266.8483 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Grimmer, Michelle L LRE [mailto:Michelle.L.Grimmer@usace.army.mil]  
Sent: Friday, February 22, 2013 1:09 PM 
To: Allie, Matthew A ‐ DOT 
Cc: Bolka, John ‐ DOT; Ksontini, Najoua ‐ DOT; Check, Steven G LRE; Smith, Timothy C LRE 
Subject: RE: Menomonee River Fish Passage Project (UNCLASSIFIED) 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
Matt, 
 
Attached is the USACE HEC‐RAS model for the proposed project.  It has the existing conditions 
as well as the proposed project.  The cross‐sections for the I‐94 bridge are 3.692 
(westbound) and 3.651 (eastbound).  Let me know if you have any questions or problems opening 
the zip file.   
 
Thanks, 
 
Michelle Grimmer 
Watershed Hydrology Branch 
USACE ‐ Detroit District 
313‐226‐6753 
 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Allie, Matthew A ‐ DOT [mailto:Matthew.Allie@dot.wi.gov]  
Sent: Wednesday, February 20, 2013 9:00 AM 
To: Smith, Timothy C LRE 
Cc: Bolka, John ‐ DOT; Ksontini, Najoua ‐ DOT; Check, Steven G LRE; Grimmer, Michelle L LRE 
Subject: RE: Menomonee River Fish Passage Project (UNCLASSIFIED) 
 
Tim, 
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Thanks for the response. I can wait to take a look at the revised HEC‐RAS model until the end 
of the week or beginning of next week. We wanted to get a better feel for the stream cross 
sections in this reach since our existing structure plans show little detail in this regard. 
I wouldn't expect looking through the model to take long. 
 
We wanted to see riprap details to confirm that the material would replace the concrete in a 
way that doesn't reduce the cross sectional area of the stream. Based on your email it sounds 
like this is the intention and that it will appear accordingly on the plans. If this is not 
yet shown in detail then I shouldn't need to see anything else. In addition, the concrete 
grade beam sounds like it could be a good option to consider to ensure stability of the wall. 
Once I'm able to look over the HEC‐RAS model you should hear back from me shortly. 
 
Thanks, 
Matt 
 
Matthew Allie 
Hydraulic Design Engineer 
WisDOT Bureau of Structures 
608.266.8483 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Smith, Timothy C LRE [mailto:Timothy.C.Smith@usace.army.mil]  
Sent: Tuesday, February 19, 2013 2:04 PM 
To: Allie, Matthew A ‐ DOT 
Cc: Bolka, John ‐ DOT; Check, Steven G LRE; Grimmer, Michelle L LRE 
Subject: RE: Menomonee River Fish Passage Project (UNCLASSIFIED) 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
Good Afternoon Matt, 
 
Thank you for taking the time to review the scour analysis for the above referenced project.  
 
We have no issue sending the HEC‐RAS model over to you. However, our hydraulic engineers are 
currently revising the model due to some alterations of the cross sections upstream of the I‐
94 bridge area. They anticipate completing the revisions by the end of this week. It will not 
likely alter the numbers that we obtained downstream by much. Would you prefer that I send 
the old model that was used for the scour analysis numbers to you or wait until the revisions 
are complete? 
 
Secondly, we are currently in the early planning stages for this project and don't anticipate 
completing the plans and specs until potentially February 2014. With that said, we have 
currently put together some cross sections for the project to develop some quantities and run 
some analysis. Furthermore, MMSD has hired an AE Contractor to design the stretch of river 
just upstream of our section. They have submitted plans up to the 95% level. We are currently 
planning on continuing their design throughout our work area. At this time, we are not 
planning to change the elevation of the channel south of station 16+01. South of Station 
16+01, the concrete will be removed and restored with rip‐rap to the elevation of the 
existing channel. A concrete grade beam may be installed along the existing WPA wall to 
ensure that no stability issues arise.  
 
Please let me know your thoughts on these two items and how we can obtain a quick turn‐around 
on this.   
 
Thanks again! 
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Tim Smith 
Geotechnical/Structural Engineer 
US Army Corps of Engineers, Detroit District 
477 Michigan Avenue, 7th Floor 
Detroit, MI 48226 
Office:  (313) 226‐2632 
Timothy.C.Smith@usace.army.mil 
 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Bolka, John ‐ DOT [mailto:John.Bolka@dot.wi.gov]  
Sent: Tuesday, February 19, 2013 11:29 AM 
To: Smith, Timothy C LRE 
Cc: Allie, Matthew A ‐ DOT 
Subject: Menomonee River Fish Passage Project (UNCLASSIFIED) 
 
Tim, 
 
Can you provide Matt with the additional information they are requesting? Please send it 
directly to him and copy me on the transmittal. 
 
Thanks 
 
 
John Bolka 
SE Bridge Program Manager 
john.bolka@dot.wi.gov 
262‐548‐6711 
 
 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Allie, Matthew A ‐ DOT  
Sent: Tuesday, February 19, 2013 8:24 AM 
To: Ksontini, Najoua ‐ DOT; Bolka, John ‐ DOT 
Subject: RE: Menomonee River Fish Passage Project (UNCLASSIFIED) 
 
John, 
 
Najoua and I have reviewed and discussed the Scour Analysis Report provided by the Corps. The 
scour equation used can be referenced to HEC 23 and the resulting scour depths were 
calculated correctly. Considering this, the scour assessment made at the site appears to be 
reasonable. The original (1957) structure plans were consulted to confirm pier locations. 
Pier 9N (B‐40‐49‐003) is located on or near the existing limestone floodwall. Pier 3 and the 
north end of Pier 4 are located on top of the concrete (reconstructed) floodwall. These piers 
would be most vulnerable to scour occurring at the wall, but the plans do show that each of 
these piers is supported on concrete cast‐in‐place piles. 
 
Before providing full agreement with the USACE assessment we would like to take a look at the 
HEC‐RAS model for the project. This will provide us a chance to see the stream cross sections 
in the area of the I‐94 bridges (even though the structures aren't modeled) and the hydraulic 
data that was used to calculate scour. Finally, we would also like to see an elevation and 
plan view detailing where they propose to place the 2.5 ft D50 riprap. 
 
 
Matthew Allie 
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Hydraulic Design Engineer 
WisDOT Bureau of Structures 
608.266.8483 
 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
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Smith, Timothy C LRE

From: Derek Harter [Derek_Harter@cpr.ca]
Sent: Friday, October 19, 2012 2:03 PM
To: Smith, Timothy C LRE
Cc: Keith Popp
Subject: FW: Menomonee Pics and Plans (UNCLASSIFIED)

Tim: 
 
CP Engineering approves the concrete channel lining and replacing with rip‐rap and geotextile 
fabric. If you have any questions, please let me know. 
 
Derek Harter 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: John Unsworth 
Sent: Thursday, October 18, 2012 8:20 AM 
To: Derek Harter 
Cc: Keith Popp 
Subject: RE: Menomonee Pics and Plans (UNCLASSIFIED) 
 
Derek ‐ Provided that there is no interference or disturbance to the existing bridge 
foundation, there is no objection from a structural perspective.. 
 
John F. Unsworth, P.Eng. | Director, Structures | Canadian Pacific 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Derek Harter 
Sent: Wednesday, October 17, 2012 6:25 PM 
To: John Unsworth 
Cc: Keith Popp 
Subject: FW: Menomonee Pics and Plans (UNCLASSIFIED) 
 
John: 
 
The US Army Corp would like to remove the existing concrete channel lining under CP Bridge 
87.81 located on the C&M Sub and replace with rip‐rap and geotextile fabric under the bridge. 
This program is funded by the US Federal Government for fish passage and access for spawning 
habitats. 
 
Attached is a plan from the Army Corp regarding the installation of rip‐rap and geotextile 
fabric for your comments/suggestions. 
 
Derek Harter 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Smith, Timothy C LRE [mailto:Timothy.C.Smith@usace.army.mil] 
Sent: Tuesday, October 16, 2012 9:42 AM 
To: Derek Harter 
Subject: RE: Menomonee Pics and Plans (UNCLASSIFIED) 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
Good Morning Derek, 

Attachment 10 - Page 6



2

 
Please find below some additional information on the project: 
 
PROJECT SOW: 
The project consists of the restoration of an aquatic ecosystem by removing an existing 
concrete channel lining along the Menomonee River in Milwaukee, Wisconsin that was built in 
the 1960s using non‐Federal resources.  The concrete channel lining extends for approximately 
3,700 feet from just upstream of Wisconsin Avenue to just downstream of Interstate Highway 
94.   The Menomonee River watershed drains approximately 135 square miles and flows 
approximately 28 miles from its headwaters in Germantown and Mequon to Lake Michigan. Riffle 
structures will be placed every 50 to 100 feet with pools in between. 
 
The project will restore fish passage and access to historical spawning habitats including 
3,700 acres of wetlands, for Lake Michigan and Milwaukee River Estuary fish stocks; enhance 
local fish and aquatic life habitat; restore a recreational sport fishery along 17‐miles of 
river and 20‐miles of tributary for one of Wisconsin's most populated, urban and 
demographically diverse watersheds.  Restored recreational fishing opportunities will include 
trout, salmon, small mouth bass, northern pike and walleye. 
 
Normally, removing concrete from the river would increase both flood elevations and the risk 
of flooding. However, the Milwaukee County Grounds Flood Management Facility that came online 
in 2011 reduced flood flows and water surface elevations in the project area. This allows for 
concrete removal without increasing the flood risk to area residents and businesses. 
 
 
Construction near RR Bridge Pier: 
Rip‐rap underlain by 12 inches of filter gravel and non‐woven geotextile will likely replace 
the concrete under the bridge and have a mean diameter, D50= 2.5 ft. This same rock sizing 
was used upstream of the project limits and has remained stable over the past 10 years. 
Calculations have also been completed indicating that the rock will remain stable. If it is 
determined that the rocks will not remain stable in this area, grout can be injected between 
the stones to ensure that they do not move. 
 
Removal of the concrete under the RR Bridge is critical to the success of this project. 
Without removal of the concrete, USACE anticipates that we will significantly reduce the 
percent of fish passing successfully in this area because velocities and duration will exceed 
the capabilities of the target species. I have attached an example cross‐section of the 
design that we would like to proceed with. Please consider that the bridge was constructed 
long before the concrete lined channel and heavy rip‐rap with geotextile will be used. 
 
Let me know if you need further information. 
 
Thanks, 
 
Tim Smith 
Geotechnical/Structural Engineer 
US Army Corps of Engineers, Detroit District 
477 Michigan Avenue, 7th Floor 
Detroit, MI 48226 
Office:  (313) 226‐2632 
Timothy.C.Smith@usace.army.mil 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Derek Harter [mailto:Derek_Harter@cpr.ca] 
Sent: Thursday, October 11, 2012 5:23 PM 
To: Smith, Timothy C LRE 
Subject: RE: Menomonee Pics and Plans (UNCLASSIFIED) 

Attachment 10 - Page 7



3

 
No problem Tim, I'll wait for your return. 
 
Derek Harter 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Smith, Timothy C LRE [mailto:Timothy.C.Smith@usace.army.mil] 
Sent: Thursday, October 11, 2012 2:59 PM 
To: Derek Harter 
Cc: Keith Popp 
Subject: RE: Menomonee Pics and Plans (UNCLASSIFIED) 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
Thanks Derek! 
 
I have no problem sending you additional project details. Unfortunately, I will be out of the 
office until Tuesday, October 16th, 2012. I will get the information to you upon my return. 
 
Thanks, 
 
Tim 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Derek Harter [mailto:Derek_Harter@cpr.ca] 
Sent: Thursday, October 11, 2012 10:41 AM 
To: Smith, Timothy C LRE 
Cc: Keith Popp 
Subject: FW: Menomonee Pics and Plans (UNCLASSIFIED) 
 
Tim: 
 
Thank you for working with Keith concerning the Bridge at MP 87.81 C&M Sub near the Monomonee 
River. I would like to request additional details of the project scope and what the US Army 
Corps plans to do concerning the addition of rip around the bridge piers. This is the first 
time this project has been brought to my attention and any information would be greatly 
appreciated. Once I have more information at hand, I can forward on to our Director of 
Structures for his comments. 
 
Derek Harter 
Division Engineer ‐ Chicago 
11306 Franklin Ave 
Franklin Park, IL 60131 
 
‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Keith Popp 
Sent: Wednesday, October 10, 2012 1:38 PM 
To: Derek Harter 
Subject: FW: Menomonee Pics and Plans (UNCLASSIFIED) 
 
Derek, 
 
More details on the project at Milwaukee MP 87.81 
 
Keith K. Popp | Manager, Structures |608‐513‐5757 Canadian Pacific 
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‐‐‐‐‐Original Message‐‐‐‐‐ 
From: Smith, Timothy C LRE [mailto:Timothy.C.Smith@usace.army.mil] 
Sent: Tuesday, October 09, 2012 1:05 PM 
To: Keith Popp 
Subject: Menomonee Pics and Plans (UNCLASSIFIED) 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
Keith, 
 
Please find attached additional information and a picture of the area that we discussed. 
Please note the large tree that has lodged itself against the piers. 
 
Thanks, 
 
Tim Smith 
Geotechnical/Structural Engineer 
US Army Corps of Engineers, Detroit District 
477 Michigan Avenue, 7th Floor 
Detroit, MI 48226 
Office:  (313) 226‐2632 
Timothy.C.Smith@usace.army.mil 
 
 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ IMPORTANT NOTICE ‐ AVIS IMPORTANT ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐ Computer viruses can be transmitted via email. Recipient should check this email and any 
attachments for the presence of viruses. Sender and sender company accept no liability for 
any damage caused by any virus transmitted by this email. This email transmission and any 
accompanying attachments contain confidential information intended only for the use of the 
individual or entity named above. Any dissemination, distribution, copying or action taken in 
reliance on the contents of this email by anyone other than the intended recipient is 
strictly prohibited. If you have received this email in error please immediately delete it 
and notify sender at the above email address. Le courrier electronique peut etre porteur de 
virus informatiques. Le destinataire doit donc passer le present courriel et les pieces qui y 
sont jointes au detecteur de virus. L' expediteur et son employeur declinent toute 
responsabilite pour les dommages causes par un virus contenu dans le courriel. Le present 
message et les pieces qui y sont jointes contiennent des renseignements confidentiels 
destines uniquement a la personne ou a l' organisme nomme ci‐dessus. Toute diffusion, 
distribution, reproduction ou utilisation comme reference du contenu du message par une autre 
personne que le destinataire est formellement interdite. Si vous avez recu ce courriel par 
erreur, veuillez le detruire immediatement et en informer l' expediteur a l' adresse ci‐
dessus. ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ IMPORTANT NOTICE ‐ AVIS IMPORTANT ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐‐ 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
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‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ IMPORTANT NOTICE ‐ AVIS IMPORTANT ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐ Computer viruses can be transmitted via email. Recipient should check this email and any 
attachments for the presence of viruses. Sender and sender company accept no liability for 
any damage caused by any virus transmitted by this email. This email transmission and any 
accompanying attachments contain confidential information intended only for the use of the 
individual or entity named above. Any dissemination, distribution, copying or action taken in 
reliance on the contents of this email by anyone other than the intended recipient is 
strictly prohibited. If you have received this email in error please immediately delete it 
and notify sender at the above email address. Le courrier electronique peut etre porteur de 
virus informatiques. Le destinataire doit donc passer le present courriel et les pieces qui y 
sont jointes au detecteur de virus. L' expediteur et son employeur declinent toute 
responsabilite pour les dommages causes par un virus contenu dans le courriel. Le present 
message et les pieces qui y sont jointes contiennent des renseignements confidentiels 
destines uniquement a la personne ou a l' organisme nomme ci‐dessus. Toute diffusion, 
distribution, reproduction ou utilisation comme reference du contenu du message par une autre 
personne que le destinataire est formellement interdite. Si vous avez recu ce courriel par 
erreur, veuillez le detruire immediatement et en informer l' expediteur a l' adresse ci‐
dessus. ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ IMPORTANT NOTICE ‐ AVIS IMPORTANT ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐‐ 
 
Classification: UNCLASSIFIED 
Caveats: NONE 
 
 
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ IMPORTANT NOTICE ‐ AVIS IMPORTANT ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐ Computer viruses can be transmitted via email. Recipient should check this email and any 
attachments for the presence of viruses. Sender and sender company accept no liability for 
any damage caused by any virus transmitted by this email. This email transmission and any 
accompanying attachments contain confidential information intended only for the use of the 
individual or entity named above. Any dissemination, distribution, copying or action taken in 
reliance on the contents of this email by anyone other than the intended recipient is 
strictly prohibited. If you have received this email in error please immediately delete it 
and notify sender at the above email address. Le courrier electronique peut etre porteur de 
virus informatiques. Le destinataire doit donc passer le present courriel et les pieces qui y 
sont jointes au detecteur de virus. L' expediteur et son employeur declinent toute 
responsabilite pour les dommages causes par un virus contenu dans le courriel. Le present 
message et les pieces qui y sont jointes contiennent des renseignements confidentiels 
destines uniquement a la personne ou a l' organisme nomme ci‐dessus. Toute diffusion, 
distribution, reproduction ou utilisation comme reference du contenu du message par une autre 
personne que le destinataire est formellement interdite. Si vous avez recu ce courriel par 
erreur, veuillez le detruire immediatement et en informer l' expediteur a l' adresse ci‐
dessus. ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐ IMPORTANT NOTICE ‐ AVIS IMPORTANT ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
‐‐‐‐‐‐‐‐‐‐ 
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1.0 Introduction 

The purpose of this report is to document the hydrologic and hydraulic analysis of the 
proposed ecosystem restoration project along the Menomonee River, Milwaukee County, 
Wisconsin (Figure1).  The project consists of the restoration of an aquatic ecosystem by 
removing an existing concrete channel lining along the Menomonee River which was built 
in the 1960s using non‐Federal resources.  The concrete removal portion of this project 
will involve removing the concrete between the existing limestone flood walls 
(constructed by Works Progress Administration (WPA) in the 1930s) and leaving the walls 
in place.  This is a highly urbanized area with a restricted floodplain.  The project area is 
from the upstream limit located approximately 100 feet south of Wisconsin Avenue 
extending 2,400 linear feet south to the downstream limit of approximately 100 feet 
south of Interstate Highway 94 (Figure 2).  The project alternatives considered are the 
following: 
 

1) Alternative 1 consists of removing the concrete channel lining, and placing stone 
designed to remain stationary during the 1% annual exceedence event.  Riffle and 
pool systems along with vegetated bars will be constructed along the river to 
create vital habitat for fish and other aquatic organisms during low flow periods as 
well as provide pools of lower velocity during high flow periods.  Boulder runs will 
also be incorporated to provide areas to rest for migrating fish. 
 

2) Alternative 2 involves the removal of the concrete channel lining and replacing the 
lining with stone, without creation of any riffle or pool complexes.  The stone 
would be sized to be mobile enough to allow the river to create its own riffle pool 
complexes instead of forcing the location on the river.   
 

3) Alternative 3 is no action and is required to be one of the alternatives in order to 
comply with the requirements of the National Environmental Policy Act (NEPA).  
No action assumes that no project would be implemented by the Federal 
Government or by local interests to achieve the planned objectives.  No action 
forms the basis from which all other alternative plans are measured.   
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Figure 1:  Project Location indicated by yellow pin 

 

 
Figure 2:  Project Area (extends from approximately 100’ S of Wisconsin Ave to 100’ S of 

Interstate Highway 94) 
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The analysis included gathering and evaluating hydrologic and hydraulic data and creating 
a hydraulic model with proposed project conditions to determine feasibility of fish 
passage and potential flooding impacts.  Milwaukee Metropolitan Sewerage District 
(MMSD) provided the existing conditions hydraulic model for this project.  This report 
details the methodology and results of the proposed project hydraulic modeling effort. 
 

2.0 Hydrology 

A range of discharge frequencies were used in the hydraulic analysis.  Low flows and flows 
during the fish migration period were analyzed to determine project design efficiency for 
fish passage.  Flood flows were also analyzed to determine potential flooding impacts. 
 
The 10% (10‐year), 4% (25‐year), 2% (50‐year), 1% (100‐year), and 0.2% (500‐year) 
discharges used in the analysis were developed by Southeastern Wisconsin Regional 
Planning Commission (SEWRPC) and provided by MMSD in the existing conditions 
hydraulic model as shown in Table 1.  The period of record used to develop the discharge‐
frequency for these flows was from 1940 to 2004 using various gages with the region.   
 

Table 1:  Discharge Frequency in Project Area, cubic feet per second 

10% 
(10‐yr) 

4% 
(25‐yr) 

2% 
(50‐yr) 

1% 
(100‐yr)  

0.2% 
(500‐yr) 

Base 
Flow 

Sustained 
Spring Flow 

8,410  10,600  12,400  14,200  18,600  30  200 

 
 
The low flow regimes for fish passage used in this analysis were obtained from the Final 
Design Memorandum, Menomonee River Stream Management, May 2011, prepared by 
the engineering firm GRaEF for MMSD for an upstream project and are as follows: 
 

 Base flow is flow that occurs during the summer and fall.  According to the Status 
Report for Watercourse Improvements on the Lower Menomonee River, by 
engineering firm HNTB, July 8, 2008 (Status Report), the Menomonee River has 
flow of less than 100 cubic feet per second (cfs) 75 percent of the time and a flow 
of less than 40 cfs 50 percent of the time.  The typical daily flow is 44 cfs and the 
average daily flow during the summer and fall is 30 cfs.  GRaEF proposed 30 to 50 
cfs be used for base flow.  For this analysis, 30 cfs was chosen in order to ensure 
enough water depth is available in the channel during base flow for fish migration.    

 Sustained spring flow is flow during spring spawning season.  According to the 
Status Report, the Menomonee River has a sustained spring snow melt flow of 160 
cfs.  GRaEF proposed 150 to 200 cfs be used for sustained spring flow.  For this 
analysis, 200 cfs was chosen in order to ensure velocity is low enough at the higher 
range of flow for fish migration. 
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 Common peak daily spring flow is flow that occurs on the range of 1,200 to 2,000 
cfs, twice to once per year, respectively.  The project was not designed according 
to these flows as they occur infrequently.   

 
 

The U.S. Geological Survey (USGS) has a water gauge located on the Menomonee River in 
Wauwatosa, WI, which is approximately 2 miles upstream of our project area (USGS Gage 
04087120), but located within the boundaries of the hydraulic model.  The monthly mean 
discharge for this gauge was calculated for the past 20 years, and the sustained spring 
flows and base flows determined by GRaEF are consistent with the flows recorded by 
USGS (see Figure 3).   
 

Figure 3:  Graph of recorded flows along the Menomonee River 

 
 

3.0 Hydraulics 

The existing conditions hydraulic model was developed by SEWRPC for MMSD in HEC‐RAS 
version 4.1.   MMSD provided this existing conditions model to the U.S. Army Corps of 
Engineers (USACE) for use in modeling this project.  SEWRPC calibrated their model using 
three different USGS gages in the area. The Hydrology for the Regional CLOMR developed 
by SEWRPC was approved by the WDNR for use as existing conditions. The boundary 
condition is the known water surface at the mouth of the Menomonee River; the starting 
water level in the harbor was set at 579.4 ft NGVD20 per NOAA and Corps documentation 
of long term average water level for Lake Michigan from 1860‐2010.  All of the calibration, 
verification and sensitivity tests on this model were completed by SEWRPC.   
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The HEC‐RAS file for this project is entitled, “Menomonee River Project USACE”.  The 
existing conditions submitted by MMSD is the plan titled “MnR Planned (Yr2020) L.U. 
Existing Ch.”.  The plan titled “Existing Conditions – Alt 3” is a copy of the model submitted 
by MMSD with geo‐referencing inserted for flood mapping and is used for Alternative 3.  
The existing conditions model reflects several flood management projects that were 
completed through the MMSD.  This includes the Milwaukee County Grounds Floodwater 
Management Facility (MCGFMF), the Valley Park Levee, Drop Structure Removal, 
Hawley Road Bridge Removal Project, Hart Park Flood Management Project and Western 
Milwaukee Phase 1 Flood Management Project. The plan for Alternative 1 is titled 
“Riffles/pools proposed – Alt 1” and the plan for Alternative 2 is titled “Remove Concrete 
Proposed – Alt 2”.   Additionally, MMSD provided USACE a model of their proposed 
project that is located just upstream of the USACE project.   This model will be submitted 
to the Federal Emergency Management Agency (FEMA) for a Conditional Letter of Map 
Revision (CLOMR).  Our project was compared to this CLOMR model for flood mapping 
purposes.  The plan titled “CLOMR” is the model submitted by MMSD to FEMA for a 
CLOMR.  The plan titled “Riffles/pools with CLOMR proposed” is our project’s Alternative 1 
combined with the CLOMR model.  For all the plans, the project area is in the “main” 
reach and the project area extends from cross‐sections 3.651 to 4.061.   
 
Design targets for fish passage were considered in the analysis based on the Final Design 
Memorandum, Menomonee River Stream Management, May 2011, prepared by GRaEF 
for MMSD, and by data gathered by USACE’s Environmental Analysis Branch (EAB). 
 
The following is a list of targets for the project for fish passage during migration: 

 Average flow velocity less than 2.5 ft/s during spring flows 

 Average flow velocity greater than 2 ft/s does not exceed 150 ft runs during spring 
flows 

 Pool depth between 3 to 5 ft at base flow  

 Riffle depth greater than 1 ft at base flow  
 
The existing conditions model given by MMSD was in NGVD 29 and had a limited number 
of cross sections geo‐referenced to North American Datum of 1927.  In order to map the 
floodplain of the project, the stream centerline and cross‐sections were geo‐referenced in 
Arc‐GIS to NAD 1983 Wisconsin State Plane South FIPS 4803 feet, using a 1/9‐Arc Second 
Digital Evaluation Model (DEM) from Milwaukee County Land Information.  This DEM was 
converted from NAVD 88 to NGVD 29 to be consistent with the HEC‐RAS model.  A vertical 
datum adjustment of +0.29 ft was applied to the DEM to convert from NAVD 88 to NGVD 
29.  The adjustment was determined by reviewing the datasheets of eight National 
Geodetic Survey (NGS) benchmarks located near the project area, see Enclosure 1.   
 
Once the model was geo‐referenced, the schematic x and y values from geo‐referencing 
were inserted in the HEC‐RAS model for the stream centerline and selected cross‐
sections.  For Alternatives 1 and 2, the cross sections in the hydraulic model in our project 
area did not have sufficient overbank data for floodplain mapping.  Therefore, for these 
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cross‐sections overbank data was added to the geometry from the geo‐referencing.  
Additionally, a levee was placed in the geometry for Alternatives 1 and 2 in our project 
areas on the left bank (looking downstream) to represent the Valley Park Levee.  The 
elevation of the levee was given by MMSD and matched the existing geometry left‐most 
overbank data point (Figure 4).  Several other cross‐sections upstream of the project area 
had insufficient geometries and did not contain the 1% annual chance exceedence 
floodplain in the hydraulic model for Alternatives 1 and 2.  For these cross‐sections, 
additional overbank data was inserted in the model from the geo‐referencing.  A list of 
cross‐sections that had overbank data added is found in Table 2.   
 

 
Figure 4: Typical addition of overbank data and levee to project area.  Green line is the existing conditions 

geometry, black line to the left and right of the green line is the overbank data and geometry used in 
Alternatives 1 and 2, pink line and squares is the levee in Alternatives 1 and 2.   

 
 

Table 2:  List of modified cross‐sections for Alternatives 1 and 2 

Cross‐Sections in Project Area that were 
modified with additional overbank data and/or 

levee for Alternatives 1 and 2 

3.751, 3.763*, 3.775*, 3.787, 3.797*, 3.807*, 
3.817*, 3.827, 3.83675*, 3.8465*, 3.85625*, 
3.866, 3.87866, 3.89133, 3.904, 3.916*, 3.928*, 
3.94, 3.95333*, 3.96666*, 3.98, 3.988*, 3.996, 
4.0045*, 4.013, 4.02200*, 4.031, 4.049 
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Cross‐Sections upstream of Project Area that 
were modified with additional overbank data 
for Alternatives 1 and 2 to contain 1% event 

4.159, 4.177, 4.322, 4.328, 4.348, 4.352, 4.36, 
4.454, 4.462, 4.468, 4.474, 4.481, 4.484, 4.492, 
4.495, 4.562, 4.576, 4.582, 4.842, 4.845, 4.873 

 
 
There are two bridges located within our project area, the Interstate Highway 94 (I‐94) 
Bridge and a Railroad Bridge owned by the Soo Line Rail Company.  USACE contacted 
Wisconsin Department of Transportation (WDOT) for the 1‐94 Bridge and Soo Line Rail 
Company to determine if it would be permissible to remove the concrete lining of the 
channel under these bridges.  The Soo Line Rail Company gave USACE the permission to 
remove the concrete under the Railroad Bridge.  WDOT requested USACE perform a scour 
analysis under the I‐94 Bridge to determine if the concrete lining could be removed, see 
Enclosure 2.  After the scour analysis was completed, WDOT gave USACE permission to 
remove the concrete lining under the I‐94 Bridge for this project.  Therefore for 
Alternatives 1 and 2, the manning’s n value under the bridges was changed to reflect 
concrete removal and placement of stone.  
 
The low flow channel under the Railroad Bridge in our project area does an unnatural 
turn, causing high velocities in that area.  Currently the low flow channel goes between 
the second and third piers from the left (looking downstream).    Therefore, for our 
project, it was proposed for Alternatives 1 and 2 to change the low flow channel to go 
between the first and second pier from the left (looking downstream) to allow a more 
natural flow for the river and decrease the velocity for fish passage (Figure 5). 
.  
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Figure 5: Cross section of Railroad Bridge in project area.  Pink line is the existing conditions geometry; 

black line is the geometry for Alternatives 1 and 2.  

 

3.1 Alternative 1: Concrete removal with riffle and pool structures 

Alternative 1 consists of removing the concrete channel lining, and placing stone designed 
to remain stationary during 1% annual exceedence.  Riffle and pool systems along with 
vegetated bars will be constructed along the river to create vital habitat for fish and other 
aquatic organisms during low flow periods as well as provide pools of lower velocity 
during high flow periods.  Boulder runs will also be incorporated to provide areas to rest 
for migrating fish.  The HEC‐RAS geometry for Alternative 1 was built off of the existing 
conditions geometry provided by MMSD.   The design of the riffles and pools was based 
on meeting the design targets for fish passage outlined in section 3.0 and an upstream 
project constructed by MMSD for fish passage (Final Design Memorandum, Menomonee 
River Stream Management, May 2011, prepared by the engineering firm GRaEF for 
MMSD).  The design is as  
 
The Alternative 1 geometry included 6 pools with 6 riffle structures (riffles in‐between 
pools and riffle after last downstream pool).  Figure 6 shows the profile of the project area 
with the riffle and pools compared to the existing conditions profile.  Riffles were spaced 
every 150 to 200’ as the project had a relatively flat slope compared to the upstream 
design by MMSD.  Pools were made 1.5’ deeper than the existing bed elevation (top of 
concrete); while riffles were raised approximately 0.5’ from the existing conditions bed 
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elevation (top of concrete), based on the upstream design by MMSD.  Additionally, a high 
point downstream of the riffles and pools and upstream of the Railroad Bridge was 
lowered from existing conditions in order to provide a smoother transition from the riffles 
and pools to existing ground.   
 
The riffle structures had three design cross sections: a riffle anchor cross section, an 
upstream of the riffle anchor cross section, and a downstream of the riffle anchor cross 
section (Figures 7‐9).  The pools had only one designed cross section (Figure 10).  The 
geometry of the riffle and pool cross sections were changed from the existing conditions 
cross section to the designed cross section, while all other cross sections in the project 
area were left as existing conditions geometry.   
 

 
Figure 6: Profile of project area in black line, showing 6 pools and 6 riffles. Existing conditions profile in 

pink line 
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Figure 7: Typical cross section of riffle anchor 

 

 
Figure 8: Typical cross section upstream of riffle anchor 
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Figure 9: Typical cross section downstream of riffle anchor 

 

 
Figure 10: Typical cross section of pool 
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The manning’s n values for Alternative 1 were changed from 0.022 (existing conditions) to 
0.033 in the channel for the entire project area.  This represents removing the concrete 
lining and placing angular stone boulder riprap.  A manning’s n value of 0.033 correlates 
to a clean, winding channel with some pools and shoals (HEC‐RAS Reference Manual, 
Version 4.1, Hydraulic Engineering Center, USACE, January 2010).  All manning’s n values 
for overbank areas were kept the same as the existing conditions.   
 

3.2 Alternative 2: Concrete removal and placement of stone 

Alternative 2 involves the removal of the concrete channel lining and replacing the lining 
with stone, without creation of any riffle or pool complexes.  The stone would be sized to 
be mobile enough to allow the river to create its own riffle pool complexes instead of 
forcing the location on the river.   
 
For Alternative 2, the cross section geometries in the project area were not changed, but 
left as the existing conditions geometry.  The manning’s n values in the channel were 
changed from 0.022 (existing conditions) to 0.03 for the entire project area to reflect the 
removal of concrete and placement of riprap. A manning’s n value of 0.03 correlates to a 
clean, straight channel, with stones and weeds, and no rifts or pools (HEC‐RAS Reference 
Manual, Version 4.1, Hydraulic Engineering Center, USACE, January 2010).  All manning’s 
values for overbank areas were kept the same as the existing conditions.   
 

3.3 Alternative 3: No action, existing conditions 

Alternative 3 is no action and is required to be one of the alternatives in order to comply 
with the requirements of the NEPA.  No action assumes that no project would be 
implemented by the Federal Government or by local interests to achieve the planned 
objectives.  No action forms the basis from which all other alternative plans are 
measured.   
 
In the analysis of Alternative 3, the existing conditions model provided by MMSD was 
used and not modified.   
 

3.4 Flood Impacts 

The FEMA effective Flood Insurance Study (FIS) designates areas of flooding at the 1% 
annual exceedence, see Enclosure 3.  The 1% floodplains for Alternatives 1 and 2 were 
mapped to determine the extent of flooding beyond the existing conditions 1% floodplain 
and the 1% floodplain of the effective FIS (Figure 12).  The increases in water surface 
elevation for the 1% floodplain for Alternatives 1 and 2 from existing conditions can be 
found in Table 3.   
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Additionally, the geometry of Alternative 1 was inserted into the CLOMR model submitted 
by MMSD for our project area, and the 1% floodplain was mapped to determine the 
extents of flooding beyond the submitted MMSD CLOMR 1% floodplain (Figure 13).  
 

 
Figure 12: Floodplain Map where green line is Alternative 3 or existing conditions; yellow line is 
Alternative 2; red line is Alternative 1; and orange lines are existing conditions cross sections. 
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Figure 13: Floodplain Map where yellow line is CLOMR submitted by MMSD; red line is Alternative 1 with 

CLOMR; and blue line is FEMA Effective FIS (showing 100 year and 500 year). 
 
 

Table 3:  Increases in Water Surface Elevation for 100 year for Alternatives 1 and 2  

     
Alternative 1 

     
Alternative 2 

  

Alternative 3
Existing 

Conditions 

Cross Section    
100 yr W.S. 
Elevation 

Difference in 
W.S. Elevation 
from Existing 
Conditions  Notes    

100 yr W.S. 
Elevation 

Difference in 
W.S. Elevation 
from Existing 
Conditions    

100 yr W.S. 
Elevation 

      (ft)  (ft)        (ft)  (ft)     (ft) 

4.754     624.9  0.0        624.87  0.0     624.87 

4.738     624.99  0.0        624.97  0.0     624.96 

4.72     624.64  0.0        624.61  0.0     624.61 

4.699     623.8  0.0        623.77  0.0     623.76 

4.68     622.96  0.7        622.32  0.0     622.31 
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4.658     622.46  0.2        622.31  0.0     622.3 

4.657     623.13  0.1        622.99  0.0     622.98 

4.651                            

4.646     622.89  0.1        622.77  0.0     622.76 

4.643     622.89  0.1        622.76  0.0     622.75 

4.637                            

4.631     622.63  0.1        622.48  0.0     622.48 

4.623     622.51  0.1        622.37  0.0     622.36 

4.602     622.66  0.1        622.53  0.0     622.53 

4.593     622.69  0.1        622.57  0.0     622.57 

4.582     622.85  0.2        622.69  0.0     622.68 

4.579                            

4.576     620.69  0.1        620.6  0.0     620.58 

4.562     620.71  0.0        620.69  0.0     620.68 

4.548     616.96  0.1        616.93  0.0     616.9 

4.529     616.16  0.1        616.12  0.1     616.05 

4.525     616.33  0.1        616.29  0.1     616.23 

4.518     616.4  0.1        616.36  0.1     616.29 

4.511     616.17  0.1        616.12  0.1     616.03 

4.505     616.06  0.1        616.01  0.1     615.92 

4.502     616.33  0.1        616.28  0.1     616.2 

4.495     615.7  0.2        615.62  0.1     615.51 

4.492     615.6  0.2        615.52  0.1     615.39 

4.484     615.43  0.2        615.33  0.1     615.2 

4.481     615.48  0.2        615.38  0.1     615.24 

4.474     615.6  0.2        615.51  0.1     615.37 

4.468     615.55  0.2        615.46  0.1     615.33 

4.465                            

4.462     614.05  0.5        613.84  0.3     613.55 

4.454     614.12  0.5        613.9  0.3     613.61 

4.439     614.34  0.6        614.04  0.3     613.76 

4.42     613.95  0.4        613.84  0.3     613.52 

4.401     613.65  0.6        613.48  0.5     613 

4.396     614.04  0.5        613.91  0.4     613.5 

4.386     613.16  1.0        612.89  0.8     612.11 

4.383     613.07  1.1        612.8  0.8     611.99 

4.366     613.18  1.4        612.86  1.1     611.8 

4.36     613.46  1.3        613.15  1.0     612.17 

4.352     613.48  1.3        613.17  1.0     612.15 

4.348     613.46  1.4        613.14  1.0     612.11 

4.328     613.86  1.1        613.59  0.8     612.8 

4.322     613.83  1.0        613.58  0.8     612.79 

4.312     613.37  1.1        613.09  0.9     612.24 

4.306     613.35  1.1        613.07  0.9     612.22 
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4.29     613.56  1.1        613.29  0.8     612.47 

4.289     613.62  1.1        613.36  0.8     612.56 

4.286     613.73  1.0        613.48  0.8     612.71 

4.284     613.5  1.1        613.22  0.9     612.37 

4.283     613.58  1.1        613.31  0.8     612.49 

4.281     613.69  1.1        613.43  0.8     612.64 

4.279     613.69  1.1        613.41  0.8     612.58 

4.272    AP                613.72  1.1        613.46  0.8     612.64 

4.253     614.16  1.0        613.92  0.8     613.16 

4.247    
RAILROAD 
BRIDGE                             

4.242     612.86  0.9        612.63  0.7     611.92 

4.216     610.54  1.7        610.17  1.3     608.84 

4.196    AO               610.88  1.7        610.51  1.3     609.22 

4.177     611.3  1.6        610.95  1.2     609.71 

4.159     611.47  1.6        611.12  1.2     609.89 

4.140    AN               611.06  1.7        610.68  1.4     609.32 

4.121     610.39  1.9        609.97  1.5     608.46 

4.112     610.23  1.9        609.82  1.5     608.3 

4.107     610.2  1.9        609.79  1.5     608.28 

4.093     610.09  2.0        609.66  1.5     608.13 

4.082    AM              610.28  2.0        609.86  1.5     608.32 

4.078    
BLUEMOUND 
RD                                

4.074     609.5  2.1        609.05  1.6     607.41 

4.061     609  2.3 
u/s limit of 
project     608.38  1.6     606.73 

4.049     608.99  2.5  pool     608.11  1.6     606.46 

4.031    AL                608.69  2.3        608  1.6     606.42 

4.02200*     608.56     riffle                

4.013     608.51  2.3        607.79  1.5     606.25 

4.0045*      608.6     pool                

3.996     608.35  2.2        607.66  1.5     606.17 

3.988*       608.21     riffle                

3.98     608.16  1.8        607.73  1.4     606.37 

3.96666*     608.24     pool                

3.95333*     607.97                      

3.94     607.82  1.9  riffle     607.3  1.4     605.9 

3.928*       607.75                      

3.916*       607.82     pool                

3.904     607.66  1.9        607.08  1.3     605.81 

3.89133*     607.44     riffle                

3.87866*     607.43                      

3.866     607.54  1.8  pool     606.99  1.2     605.78 

3.85625*     607.33                      
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3.8465*      607.19     riffle                

3.83675*     607.09                      

3.827     607.22  1.6  pool     606.78  1.1     605.66 

3.817*       607.05                      

3.807*       607.03     riffle                

3.797*       607                      

3.787    AK                606.96  1.2        606.79  1.0     605.78 

3.775*       606.7                      

3.763*       606.53                      

3.751     606.48  1.0        606.33  0.8     605.52 

3.724     607.06  0.7        606.98  0.6     606.39 

3.721    SOO 
LINE RAILROA                            

3.717     604.87  0.7        604.76  0.6     604.15 

3.692     603.37  0.4        603.29  0.3     602.99 

3.672     603.29  0.3        603.22  0.3     602.96 

3.651     602.61  0.1 
d/s limit of 
project     602.6  0.1     602.5 

3.632     602.3  0.0        602.3  0.0     602.25 

 

The Valley Park Levee is located along the eastern edge of the project (see Enclosure 3).  
The freeboard requirements of riverine levees from FEMA are as follows: 

 A minimum freeboard of 3’ above the 1% annual chance flood elevation 

 An additional 0.5’ above the 3’ minimum at the upstream end of the main levee 

 An additional 1’ above the 3’ minimum within 100’ of either side of structures. 

 Table 4 shows the freeboard of the Valley Park Levee for Alternative 1 for the 1% annual 
chance exceedence.  All cross sections meet the FEMA freeboard requirements for levees.  
 

Table 4:  Valley Park Levee Freeboard for Alternative 1 for 100 yr 

Cross Section 
FEMA Freeboard 
Requirement  Actual Freeboard 

4.049  3.5 3.61

4.031    AL                3 3.21

4.02200*  3 3.23

4.013  3 3.17

4.0045*   3 3.05

3.996  3 3.27

3.988*    3 3.45

3.98  3 3.54

3.96666*  3 3.44

3.95333*  3 3.68

3.94  3 3.81

3.928*    3 3.88

3.916*    3 3.80

3.904  3 3.96

3.89133*  3 4.11

3.87866*  3 4.05

3.866  3 3.87

3.85625*  3 4.13
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3.8465*   3 4.33

3.83675*  3 4.48

3.827  3 4.40

3.817*    3 4.48

3.807*    3 4.40

3.797*    3 4.34

3.787    AK                3 4.29

3.775*    3 4.64

3.763*    3 4.91

3.751  4 5.05

 

3.5 Hydraulic Modeling Results 

The targets for fish passage during migration are as follows: 

 Average flow velocity less than 2.5 ft/s during spring flows 

 Average flow velocity greater than 2 ft/s does not exceed 150 ft runs during spring 
flows 

 Pool depth between 3 to 5 ft at base flow  

 Riffle depth greater than 1 ft at base flow  
 

Alternative 1 consists of 6 pools and 6 riffles.  The average velocities of the riffles during 
spring flow range from 1.69 to 2.98 ft/s.  For the riffle segments that have average 
velocities over 2.5 ft/s, the velocity at the edge of the channel is near 2 ft/s and has over 
1’ depth of flow, therefore they will still be able to pass fish.  The average velocities of the 
pools during spring flow range from 1.11 to 1.55 ft/s.  At base flow, pool depths range 
from 3.25 to 4.63 ft, and riffle depths range from 1.17 to 2.84 ft.  
 
Alternative 2 consists of a rock lined channel which does not include any riffles or pools.  
It includes three segments that exceed 2 ft/s during spring flows.  These segments are: 
430’ with velocities of 2.65 to 3.22 ft/s, average 2.87 ft/s; 807’ at 2.36 to 2.71 ft/s, average 
2.354 ft/s; and 310’ at 2.27 to 2.54 ft/s, average 2.43 ft/s.  At base flow, water depth 
ranges from 1.54 to 4.46 ft.   
 
Alternative 1 satisfies the requirements necessary for fish passage, while Alternative 2 and 
Alternative 3 (existing conditions) would cause serious impediments to fish passage.  
Velocities and water depths for all the alternatives during spring flow and base flow are 
found in Table 5.   See Enclosure 4 for the HEC‐RAS results.   
 

Table 5:  Summary of velocity and water depth for Project Alternatives 

   Alternative 1  Alternative 2  Alternative 3 ‐ Existing Conditions 

  

Sustained 
Spring Flow 
(200 cfs) 

Base Flow  
(30 cfs) 

NOTES 

Sustained 
Spring Flow 
(200 cfs) 

Base Flow  
(30 cfs) 

Sustained Spring 
Flow (200 cfs) 

Base Flow  
(30 cfs) 

River Sta 
Vel 
Chnl 

Water 
Depth 

Vel 
Chnl 

Water 
Depth 

Vel 
Chnl 

Water 
Depth 

Vel 
Chnl 

Water 
Depth 

Vel
Chnl 

Water 
Depth 

Vel 
Chnl 

Water 
Depth 

   (ft/s)  (ft)  (ft/s)  (ft)  (ft/s)  (ft)  (ft/s)  (ft)  (ft/s)  (ft)  (ft/s)  (ft) 

4.078    
BLUEMOUND 
RD                                            
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4.074  2.75  3.39  1.28  1.58     2.42  3.69  1.49  1.43  2.92  3.26  1.79  1.26 

4.061  2.97  3.54  1.18  1.8 

u/s 
limit of 
project  2.72  3.86  1.34  1.63  3.26  3.41  1.54  1.47 

4.049  1.55  5.02  0.53  3.25  pool  2.74  3.75  1.37  1.54  3.29  3.31  1.57  1.39 

4.031    AL          2.29  4.57  0.77  2.88  2.65  3.81  1.24  1.64  3.13  3.4  1.39  1.5 

4.02200*  2.98  3.08  4.46  1.17 
Riffle
anchor                         

4.013  2.48  4.19  1.03  2.34     3.22  3.93  1.72  1.84  3.95  3.5  1.92  1.71 

4.0045*   1.42  5.3  0.49  3.43  pool                         

3.996  2.08  4.83  0.72  3  3.01  3.99  1.47  1.94  3.61  3.59  1.6  1.84 

3.988*    2.81  3.3  3.19  1.4 
Riffle
anchor                         

3.98  2.31  4.36  0.88  2.55     1.87  4.16  0.79  2.09  2.15  3.79  0.85  2 

3.96666*  1.35  5.47  0.43  3.65  pool                         

3.95333*  1.94  5.01  0.63  3.23                         

3.94  2.46  3.53  2.12  1.77 
 Riffle
anchor  2.71  4.26  1.13  2.32  3.16  3.9  1.19  2.25 

3.928*    2.09  4.61  0.71  2.91                            

3.916*    1.25  5.75  0.35  4.04  pool                         

3.904  1.72  5.35  0.51  3.67  2.51  4.51  0.93  2.69  2.86  4.2  0.96  2.64 

3.89133*  2.1  3.84  1.31  2.19 
 Riffle
anchor                         

3.87866*  1.89  4.87  0.58  3.25                            

3.866  1.19  5.93  0.31  4.3  pool  2.58  4.5  0.91  2.81  2.89  4.23  0.93  2.77 

3.85625*  1.64  5.49  0.46  3.89                         

3.8465*   1.94  4.03  0.88  2.45 
 Riffle
anchor                         

3.83675*  1.74  5.1  0.5  3.54                            

3.827  1.11  6.2  0.27  4.63  pool  2.36  4.7  0.73  3.13  2.57  4.49  0.74  3.11 

3.817*    1.49  5.78  0.39  4.24                         

3.807*    1.69  4.35  0.59  2.84 
 Riffle
anchor                         

3.797*    1.69  4.94  0.49  3.44                            

3.787    AK          1.85  5.02  0.5  3.55     1.83  5.06  0.5  3.55  1.94  4.88  0.5  3.54 

3.775*    2.02  4.67  0.58  3.23                            

3.763*    1.99  4.63  0.55  3.23                            

3.751  1.94  4.6  0.53  3.23     2.27  3.99  0.71  2.6  2.42  3.85  0.71  2.59 

3.724  2.21  5.32  0.55  4.05     2.49  5.31  0.64  4.05  2.65  5.22  0.64  4.04 

3.721    SOO 
LINE 
RAILROAD                                        

3.717  2.14  3.94  0.6  2.71     2.54  3.91  0.74  2.7  2.77  3.83  0.74  2.7 

3.692  1.21  3.5  0.33  2.29     1.21  3.49  0.33  2.29  1.22  3.47  0.33  2.29 

3.672  1.42  5.63  0.33  4.46     1.42  5.63  0.33  4.46  1.43  5.62  0.33  4.46 

3.651  1.42  5.56  0.32  4.41 

d/s 
limit of 
project  1.42  5.56  0.32  4.41  1.42  5.56  0.32  4.41 

3.632  1.2  5.36  0.28  4.22     1.2  5.36  0.28  4.22  1.2  5.37  0.28  4.22 
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3.6 Sediment Analysis   

A geomorphic analysis was performed by GRaEF for the project reach just upstream of our 
project and documented in the Final Design Memorandum, Menomonee River Stream 
Management, May 2011.  The analysis determined no sediment deposition within the 
concrete channel in their project area.  However, they did note that downstream where 
the Menomonee River reverts back to a more natural channel (where the concrete 
channel lining ends and at the downstream limit of our project area), there were deposits 
composed of sand, gravel, and cobble (up to approximately 8 inches).   

For our project area, we observed sediment deposition throughout the entire I‐94 Bridge 
area to the downstream project limit where the concrete lining channel ends.  The 
sediment deposition makes it so one cannot visually determine where the concrete lining 
channel ends and where the river reverts back to a more natural channel (Figure 13).  
Additionally, the water appeared “murky”.  No other areas were observed with sediment 
deposition in our project area.   
 

 
Figure 13: Menomonee River, downstream end of concrete lined channel showing sediment build‐up 

 
MMSD published a report in 2001 titled Sediment Transport Study of the Menomonee 
River.  The report detailed the overall geomorphic stability of the Menomonee River 
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Watershed and indicated in reaches where the WPA walls exist or the river has a concrete 
channel, the vertical bed and lateral bank stability are controlled by these features.  For 
our project, the upstream channel invert elevation matches the existing conditions 
concrete upstream and the downstream channel invert elevation matches the natural 
channel downstream of our project area.   
 
For the upstream project being constructed by MMSD, the State of Wisconsin Department 
of Natural Resources (DNR) issued a permit that requires maintenance of the pools to be 
removed of sediment at a determined frequency.  We expect the DNR to issue a similar 
permit for this project and will require MMSD to remove any sediment in the pools on a 
somewhat frequent basis.   

4.0 Summary 

Alternative 1 is the preferred alternative, as it allows the greatest possibility for fish 
passage in the project area and does not cause significant flooding impacts.  Since there 
are areas of flooding that exceed the FIS 1% annual exceedence, a CLOMR will need to be 
submitted to FEMA as this project continues forward.   
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1. SCOPE OF COST APPENDIX 
The scope of this appendix is to present the construction cost of the preferred alternative. This 
appendix is prepared in accordance with the guidance contained in ER 1110-2-1302, Civil Works 
Cost Engineering, and ETL 1110-2-573, Construction Cost Estimating Guide for Civil Works.  The 
cost estimate was prepared using MCACES Second Generation MII software and cost estimates 
are presented in the Civil Works Breakdown Structure (CWBS) to the sub-feature level.   This 
appendix includes a discussion of life cycle cost analysis, Total Project Cost Sheet (TPCS), 
Abbreviated Cost and Schedule Risk Analysis (ARA), drawings, quantity take offs and 
construction schedule.   
 
2. GENERAL INFORMATION:   
The feasibility study evaluates the potential for Federal interest in existing watershed problems 
associated with ecosystem and environmental restoration in the Menomonee River.  The scope 
for this project includes engineering services to develop a feasibility level design that contains a 
plan and profile of the Menomonee River with several alternatives.  The goals of this project are 
to: 

• Remove approximately 2,400-feet of concrete lined channel 
• Provide fish passage and resting areas during low-flows and fish refuge zones during 

higher flows 
• Maintain or decrease the water surface elevations  

3. PROJECT BACKGROUND AND STUDY SITE DESCRIPTION 
The lower Menomonee River currently has a concrete lined channel in the reach between I-94 
(approximately river mile 3.65) and just upstream of the Canadian Pacific Railroad Bridge 
(approximately river mile 4.259).  The channel is trapezoidal in shape and is lined with 
limestone floodwalls, which were constructed by the Works Progress Administration (WPA) in 
the 1930s.  While the system currently serves its functions of conveying flood flows and 
reducing flow water surface elevations, the concrete is deteriorating as it approaches the end 
of its design life. Also, high flow velocities and shallow flow depths impede fish migration 
between Lake Michigan and the upper portions of the watershed.   
 
The Milwaukee Metropolitan Sewerage District (MMSD) has constructed and/or planned 
multiple projects within this stretch of river to address the issue.  In 2000, MMSD rehabilitated 
part of the Menomonee River with the Drop Structure Removal Project by removing a low-head 
dam and the concrete lining within the channel.  Expected to break ground in 2013, MMSD has 
planned the removal of the middle segment of the concrete channel. 
 
In a partnership agreement, MMSD has requested the USACE provide engineering assistance in 
a cost sharing agreement for the lower section of the Menomonee River.  The area of focus lies 
on the downstream portion of the concrete lined channel between the West Bluemound 
Railroad Bridge and I-94.  This reach of the Menomonee River is approximately 2,400-feet and 
will be the last of the concrete lined channel removed.  Concrete removal efforts will need to 
be coordinated with the upstream project. 
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4. CONSTRUCTION 
Construction of both alternatives will be similar to construction of the previous reaches using 
land based equipment while working in the dry. The dewatering plan includes construction of a 
stone barrier and use of pumps to pass water downstream of the project. Steel sheet pile will 
stabilize the WPA walls during construction.  
 
5. ALTERNATIVES 
For this study, three alternatives were devised.  Alternative 1 and 2 include removal of the 
concrete channel, while Alternative 1 incorporates a riffle-pool design into the reach. 
Alternative 3 is the “No Action” plan and does not meet the sponsor’s criteria. 
 
Preliminary costs were provided for alternatives 1 and 2 for use in the economics analysis. 
Preliminary construction costs for alternatives 1 and 2 were $4,998,360 and 4,419,565 
respectively and both included 15% contingency. Once alternative 1 was determined preferable 
based on the preliminary costs provided, cost for this alternative was further refined and is 
depicted within this appendix.  

5.1  Alternative 1 (Preferred) - Remove Concrete Channel, Add Riffle-Pool Design, and Add 
Riprap Revetment 
Alternative 1 consists of the removal of the concrete channel between the WPA walls and 
replacing it with a rock-lined channel.  However, Alternative 1 will incorporate a riffle-pool 
design throughout the reach, riffle anchor practices, resting benches, as well as a slight 
meander.  By removing the concrete liner between the WPA walls, this allows the low flow 
channel to meander back and forth between the walls.  With increased roughness from the 
large boulders and a meandering channel, the flow velocities will be reduced and additional 
refuge sections of varying widths will exist on both sides of the channel.   
 
The low flow channel is designed to have riffles that are approximately 4-feet wide at the 
bottom of the channel and approximately 20-feet at the top with 2.5H:1V side slopes (see 
Figure 1).  The anchor functions much like a cross-channel log in a natural channel and helps 
moderate depth and grade upstream, while also creating small pools downstream. 
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Figure 1: Typical Riffle Cross Section of Alternative 1 
 
The reach will also contain pools that are wider and deeper when compared to the riffles.  
Combined with boulders placed within the channel, there will be suitable habitat for northern 
pike during low flows, while the boulders also provide resting spots during higher flows. 
 
Above the low flow channel will be a stone-lined bench.  This rock-lined section of the channel 
will form an approximate 20-foot bench to one side of the low flow channel; however, the 
length and slope will vary depending on where the thalwag is placed.  Its function is to provide 
habitat that allows fish to rest and then swim to the next resting structure.   
 
Equipment production will be hindered slightly due to the riffles and pools and the construction 
duration is anticipated to be approximately 6 months from time of project award.  

5.2 Alternative 2 - Remove Concrete Channel and Add Riprap Revetment 
The traditional approach to fish passage in urbanized streams is to increase roughness by 
replacing the concrete channel with large boulders that will not move with shear stresses 
experienced during large flood events.  Thus, Alternative 2 will consist of the removal of the 
concrete channel between the WPA walls and replacing it with a rock-lined channel.  The focus 
area is a reach that starts downstream of the West Bluemound Road Bridge and extends 
downstream to the Canadian Pacific Railroad Bridge, approximately 2,400-feet in length.  For 
this alternative, the rock-lined channel will contour with existing grades, which eliminates some 
excavation when compared to Alternative 1, but also provides less of an ecological benefit.  See 
Figure 2  for the typical cross section.  



5 
 

 
Figure 2: Typical cross section of Alternative 2 

 
Equipment productivity will be unhindered for this alternative and the construction duration 
will be approximately 5 months from time of project award. 

5.3 Alternative 3 - No Action 
Not implementing a stream restoration will have environmental impacts.  If the channel 
remains, the following impacts will occur: 

• The river would continue to inhibit fish passage, as the high flow velocities remain 
unchanged. 

• Flood level elevations will remain unchanged. 
• Concrete channel will continue to degrade, prolonging maintenance costs. 

In essence, the No Action alternative will result in 2,400-feet of the Menomonee River concrete 
channel degrading causing an economic burden on MMSD with concrete repairs, while also 
continuing to inhibit fish passage by preventing the upstream migration of fish that cannot 
handle the high flow velocities. 
 
6. COST AND SCHEDULE RISK ANALYSIS 
The informal cost and schedule risk analysis was prepared by Detroit District. The analysis was 
held to determine the contingency placed on the cost estimate of alternative 1.  The cost 
estimate reflects the findings of the risk analysis; construction contingency was determined to 
be 18.3%.  The informal risk register used for this process is attached to this appendix. 
 
6.1   METHODOLOGY/PROCESS 
A risk identification meeting was held providing qualitative analysis from the project team to 
produce a risk register that served as the framework for the risk analysis. The risk analysis 
process for this study is intended to determine the probability of various cost outcomes and 
quantify the required contingency needed in the cost estimate to achieve any desired level of 
cost confidence. 
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In simple terms, contingency is an amount added to an estimate to allow for items, conditions 
or events for which the occurrence or impact is uncertain and that experience suggests will 
likely result in additional costs being incurred or additional time being required.  
 
6.2   IDENTIFY AND ASSESS THE RISK FACTORS 
Identifying the risk factors via the PDT is considered a qualitative process that results in 
establishing a risk register that serves as the document for the quantitative study. Risk factors 
are events and conditions that may influence or drive uncertainty in project performance. They 
may be inherent characteristics or conditions of the project or external influences, events, or 
conditions such as weather or economic conditions. Risk factors may have either favorable or 
unfavorable impacts on project cost and schedule. 
 
Checklists or historical databases of common risk factors were used to facilitate risk factor 
identification. However, key risk factors are often unique to a project and not readily derivable 
from historical information. Therefore, input from the entire PDT is obtained using creative 
processes such as brainstorming or other facilitated risk assessment meetings. In practice, a 
combination of professional judgment from the PDT and empirical data from similar projects is 
desirable and is considered. PDT meetings are held for the purposes of identifying and assessing 
risk factors. The meetings should include capable and qualified representatives from multiple 
project team disciplines and functions: 
 
Project/Program managers – Steve Check, Tonya Harrington 
Contracting/acquisition – Later coordinated with Tom McKay 
Real Estate – Glenn Spence 
Environmental – Hal Harrington 
Civil and Coastal Design – Michelle Grimmer 
Cost and schedule engineer – Julie Udell 
Structural & Geotechnical – Tim Smith, Shelby Fowler 
Technical Coordinator – Jihad Safa 
 
The initial meeting focused primarily on risk factor identification using brainstorming 
techniques but also include some facilitated discussions based on risk factors common to 
projects of similar scope and geographic location. Additionally, conference calls and informal 
meetings will be conducted throughout the risk analysis process on an as-needed basis to 
further facilitate risk factor identification, market analysis, and risk assessment. 
 
On 25 February 2014, the team re-evaluated the risk level for line item PS-3 for Earthwork. 
Initially, there was concern of possibly excavating small amounts of contaminated soil and the 
associated tipping fees to dispose of such material. Since this initial assumption, channel 
construction upstream and adjacent to this project has found no contaminated soil so the risk 
level for line item PS-3 was reduced to a 1, lowering the overall contingency of the project. The 
cost estimate was also revised to delete contaminated soil removal line items. Also, the tipping 
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fee for disposal of excavated material was removed from construction cost; this is now an 
element of the LEERDS cost. 
 
6.3   QUANTIFY RISK FACTOR IMPACTS 
Similar to the identification and assessment process, risk factor quantification involved multiple 
project team disciplines and functions. However, the quantification process relies more 
extensively on collaboration between cost engineering, designers, and risk analysis team 
members with lesser inputs from other functions and disciplines. The following is an example of 
the PDT quantifying risk factor impacts by using an iterative, consensus-building approach to 
estimate the elements of each risk factor: 
 
Maximum possible value for the risk factor. 
Minimum possible value for the risk factor. 
Most likely value (the statistical mode), if applicable. 
Nature of the probability density function used to approximate risk factor uncertainty. 
Mathematical correlations between risk factors. 
Affected cost estimate and schedule elements. 
 
The resulting product from the PDT discussions is captured within a risk register as presented in 
this appendix for both cost and schedule risk concerns. Note that the risk register records the 
PDT’s risk concerns, discussions related to those concerns, and potential impacts to the current 
cost and schedule estimates. The concerns and discussions are meant to support the team’s 
decisions related to event likelihood, impact, and the resulting risk levels for each risk event. 
 
7. TOTAL PROJECT COST 
Effective price level of the total project cost is 1 October 2012 and the program year is 2013. 
Fully funded total project cost was escalated to quarter 4 of 2014. Total project cost includes all 
estimated construction, lands and damages, planning, engineering, design and construction 
management costs.  

8.   LIFE CYCLE COST ANALYSIS   
 
8.1   Life Cycle Cost considers the sum total of the indirect, recurring, nonrecurring, and other 
related costs incurred or estimated to be incurred in the design, development, production, 
operation, maintenance, support, and final disposition of a major system over its anticipated 
useful life span. Where system or project planning anticipates use of existing sites or facilities, 
restoration, and refurbishment costs are included. 
 
8.2  Estimated annual operation and maintenance cost for Alternatives 1 and 2 is $10,000 and 
includes possible occasional replacement of stone and/or plantings.  
 
 



WALLA WALLA COST ENGINEERING  
MANDATORY CENTER OF EXPERTISE 

 
COST AGENCY TECHNICAL REVIEW 

 
CERTIFICATION STATEMENT 

 
For Project No. 113605 

 
LRE – Menomonee River Stream Restoration 

Section 206 
 

The Menomonee River Stream Restoration Section 206 project, as presented by 
the Detroit District, has undergone a successful Cost Agency Technical Review 
(Cost ATR) of remaining costs, performed by the Walla Walla District Cost 
Engineering Mandatory Center of Expertise (Cost MCX) team.  The Cost ATR 
included study of the project scope, report, cost estimates, schedules, escalation, 
and risk-based contingencies.  This certification signifies the cost products meet 
the quality standards as prescribed in ER 1110-2-1150 Engineering and Design for 
Civil Works Projects and ER 1110-2-1302 Civil Works Cost Engineering.   
 
As of March 4, 2014, the Cost MCX certifies the estimated total project cost: 
 
FY2014 First Costs:   $6,354,000  
Total Project Costs:   $6,445,000  
Estimated Federal Costs:  $4,432,000  
 
Note: Cost ATR was devoted to remaining work.  It did not review spent costs, 
which requires an audit process.  It remains the responsibility of the District to 
correctly reflect these cost values within the Final Report and to implement 
effective project management controls and implementation procedures including 
risk management throughout the life of the project. 
 
 
 
            
      Kim C. Callan, PE, CCE, PM  
      Chief, Cost Engineering MCX 
      Walla Walla District 
      
 
 

 



**** TOTAL PROJECT COST SUMMARY **** Printed:3/4/2014 
Page 1 of 2

PROJECT: DISTRICT: Detroit District, LRE PREPARED:pdated 25jun201
PROJECT NO: P2 # 113605 POC:   CHIEF, COST ENGINEERING, William Merte
LOCATION: Milwaukee, WI

This Estimate reflects the scope and schedule in report; CAP Feasibilty Report

                    

Program Year (Budget EC): 2014

Effective Price Level Date: 1  OCT 13

 Spent Thru:

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG 10/1/2013 COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)  

A B C D E F

09 CHANNELS & CANALS - -

09 Construction $4,659 $853 18.3% $5,512 2.1% $4,755 $870 $5,625 $5,625 $4,819 $882 $5,701

__________ __________                  __________ _________ _________ __________ ____________ ____________ _________ _________ ____________

CONSTRUCTION ESTIMATE TOTALS: $4,659 $853 $5,512 2.1% $4,755 $870 $5,625 $5,625 $4,819 $882 $5,701

01 LANDS AND DAMAGES $6 $6 2.1% $6 $6 $6 $6 $6

30 PLANNING, ENGINEERING & DESIGN $283 $31 11% $314 1.8% $288 $32 $320 $320 $293 $32 $325
  

31 CONSTRUCTION MANAGEMENT $357 $39 11% $396 1.8% $363 $40 $403 $403 $373 $41 $64

__________ __________ __________ _________ _________ __________ ____________ ____________ _________ _________ ____________
PROJECT COST TOTALS: $5,305 $923 17% $6,228  $5,412 $941 $6,354 $6,354 $5,491 $955 $6,445

Mandatory by Regulation   CHIEF, COST ENGINEERING, William Merte

TOTAL PROJECT COST
(FULLY FUNDED)

PII 113605 Menomonee River Stream Restoration Sec 206

WBS Structure ESTIMATED COST
PROJECT FIRST COST  
(Constant Dollar Basis)

REMAININ
G COST

TOTAL FIRST 
COST

ESTIMATED TOTAL PROJECT COST: $6,445
Mandatory by Regulation   PROJECT MANAGER, Steve Check  ESTIMATED FEDERAL COST: 65% $4,189

ESTIMATED NON-FEDERAL COST: 35% $2,256
Mandatory by Regulation   CHIEF, REAL ESTATE, Vic Kotwicki  

 22  -  FEASABILITY STUDY (CAP studies): $386
  CHIEF, PLANNING, Terry Long ESTIMATED FEDERAL COST: $243

ESTIMATED NON-FEDERAL COST: $143
  CHIEF, ENGINEERING, Phil Ross

ESTIMATED FEDERAL COST OF PROJECT $4,432
  CHIEF, OPERATIONS, Dave Wright

  CHIEF, CONSTRUCTION, Phil Ross

  CHIEF, CONTRACTING, Sandra Kenzie O&M OUTSIDE OF TOTAL PROJECT COST:

  CHIEF,  PM-PB, Jim Galloway

  CHIEF, DPM, Scott Thieme

Filename: TPCS LRE Menomonee Mar 2014 - JGN Check - Updated.xlsx
TPCS



**** TOTAL PROJECT COST SUMMARY **** Printed:3/4/2014 
Page 2 of 2

**** CONTRACT COST SUMMARY ****

PROJECT: PII 113605 Menomonee River DISTRICT: Detroit District, LRE PREPARED:pdated 25jun201
LOCATION: Milwaukee, WI POC:   CHIEF, COST ENGINEERING, William Merte
This Estimate reflects the scope and schedule in report; CAP Feasibilty Report

25-Jun-13 2014
 1-Oct-12 1  OCT 13

RISK BASED 

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
PHASE 1 or CONTRACT 1

09 CHANNELS & CANALS

09
09 Construction $4,659 $853 18.3% $5,512 2.1% $4,755 $870 $5,625 2014Q4 1.3% $4,819 $882 $5,701

 

__________ __________ _________ __________ _________ _________ __________ _________ _________ ____________
CONSTRUCTION ESTIMATE TOTALS: $4,659 $853 18.3% $5,512 $4,755 $870 $5,625 $4,819 $882 $5,701

01 LANDS AND DAMAGES $6 $6 2.1% $6 $6 2014Q3 0.9% $6 $6

 

30 PLANNING, ENGINEERING & DESIGN

    Project Management $40 $4 11% $44 1.8% $41 $4 $45 2014Q3 1.5% $41 $5 $46

WBS Structure

Estimate Prepared:
Effective Price Level:

Program Year (Budget EC):
Effective Price Level Date:

ESTIMATED COST
PROJECT FIRST COST             (Constant 

Dollar Basis)
TOTAL PROJECT COST (FULLY FUNDED)

    Planning & Environmental Compliance $55 $6 11% $61 1.8% $56 $6 $62 2014Q3 1.5% $57 $6 $63
    Engineering & Design $130 $14 11% $144 1.8% $132 $15 $147 2014Q3 1.5% $134 $15 $149
    Engineering Tech Review ITR & VE $25 $3 11% $28 1.8% $25 $3 $28 2014Q3 1.5% $26 $3 $29
    Contracting & Reprographics $10 $1 11% $11 1.8% $10 $1 $11 2014Q3 1.5% $10 $1 $11
    Engineering During Construction $23 $3 11% $26 1.8% $23 $3 $26 2014Q4 2.6% $24 $3 $27
    Project Operations

31 CONSTRUCTION MANAGEMENT

6.5%     Construction Management $299 $36 12% $335 1.8% $304 $37 $341 2014Q4 2.6% $312 $37 $350
    Environmental Monitoring $33 $33 1.8% $34 $34 2014Q4 2.6% $34 $34

2.5%     Project Management $25 $3 12% $28 1.8% $25 $3 $28 2014Q4 2.6% $26 $3 $29

CONTRACT COST TOTALS: $5,305 $923 $6,228 $5,412 $941 $6,354 $5,491 $955 $6,445

Filename: TPCS LRE Menomonee Mar 2014 - JGN Check - Updated.xlsx
TPCS



Menomonee River, Milwaukee, WI Section 206 Construction Schedule 
Preferred Alternative 1 

Activity
Execute PPA
Plans & Specs phase
Ready to advertise
Contract award
NTP
Precon submittals
Mob/demob & Prep Work
Demolition
Earthwork
Channel Construction
Control of Water
Access rd & Storage Area
Liners, Membranes & Fabrics

Nov-14Sep-14Jul-14May-14 Oct-14Aug-14Jun-14Mar-14Jan-14Nov-13 Apr-14Feb-14Dec-13



1 of 1

MENOMONEE RIVER CAP SECTION 206
QUANTITY SUMMARY SHEET

JAU received on 20feb2013

Feature(s) of Work : Prepared by: PSF
ALT 1 - Remove and replace concrete apron with natrual 
streambed and riffle-pool structures. Checked by: TCS

Date Checked: 08NOV2012

Item Description Quantity Unit Unit Rate

Mobilization and Demobilization
Mobilization and Demobilization 1 LS

Demolition
Concrete Channel Demolition and Disposal 3,752 CY
Concrete Cunette Removal and Disposal 100 CY
Cunette Rebar Removal and Disposal 1 TON

Earthwork
Excavaton, Backfill, and Testing 1 LS
Excavation 29,096 CY

 $                                            22,585.28 
Channel Construction
Filter Gravel (Recycled concrete / crushed stone) 2,802 CY
Bed Material (Angular Stone Grade II) (Assume 30% To Be Grouted) 17,830 TON  grade II is 12-48" stone size 
Bed Material Infill (Angular Stone Grade I) (Assume 30% To Be Grouted) 4,755 TON  grade I is 1-10" stone size 
Grout for Grade Control Stone and Boulders 221 CY
PZ-22 SSP 18,000 SFT  Vibratory Driven in Channel 
Vegetation Blanket/Articulated Mat 1,350 SY
Riffle Anchor Practice Concrete 130 CY
Mass Concrete 5,011 CY
Reinforcment Steel 167 TON

Control of Water
Water re-routing 1 LS

Access Road and Parking Area
Clearing 375 SY  Dense Large Trees Removed on Slope 
Construction Service Road Gravel Prep (1-1/2") 450 tons
Storage Area Gravel Prep (1-1/2") 218 tons
Restoration of Cleared Area Include tree plantings 375 SY

Liners, Membranes, and Fabrics
Streambed Liner 11,500 SY



MENOMONEE RIVER CAP SECTION 206

Item Total Unit Cross Section 1 Cross Section 2 Length
Concrete Channel Demolition and Disposal

Sta. 77+50 to Sta. 78+80 237.53 CY 49.3 49.3 130.0
Sta. 78+80 to Sta. 80+00 220.74 CY 49.3 50.0 120.0
Sta. 80+00 to Sta. 81+30 242.35 CY 50.0 50.7 130.0
Sta. 81+30 to Sta. 83+20 283.83 CY 50.7 30.0 190.0
B-10 Bridge 100.00 CY 30.0 30.0 90.0
Cunette Rebar 0.90 TONS
Sta. 84+10 to Sta. 86+18 292.74 CY 30.0 46.0 208.0
Sta. 86+18 to Sta. 100+50 2,475.06 CY 46.0 47.3 1,432.0



GCB GCB Infill

River Station Distance to next X-Sec 
(ft)

Notes Avg X-Sec  
(sq ft)

Volume (cy) Avg X-Sec  
(sq ft)

Volume (cy) Avg X-Sec  
(sq ft)

Volume (cf) Wt (ton) Wt (ton)

Assume 75% 
of volume is 

GCB

Assume 20% 
of volume is 

infill

4.074 ?? 32 42.16 145
68.64 81.35111111 107.1800889 9952.8 617.173128 164.5795008

4.061 ?? 32 42.16 145
63.36 75.09333333 98.93546667 9187.2 569.698272 151.9195392

4.049 Pool 32 42.16 145
95.04 112.64 148.4032 13780.8 854.547408 227.8793088

4.031 Riffle - US Anchor 32 42.16 145
47.52 56.32 37.1008 6534 405.17334 108.046224

4.022 Riffle - Anchor 32 138.4444444 0 130
47.52 56.32 37.1008 6534 405.17334 108.046224

4.013 Riffle - DS Anchor 32 42.16 145
44.88 53.19111111 70.07928889 6507.6 403.536276 107.6096736

4.0045 Pool 32 42.16 145
44.88 53.19111111 70.07928889 6507.6 403.536276 107.6096736

3.996 Riffle - US Anchor 32 42.16 145
42.24 50.06222222 32.97848889 5808 360.15408 96.041088

3.988 Riffle - Anchor 32 138.4444444 0 130
42.24 25.03111111 32.97848889 5808 360.15408 96.041088

3.98 Riffle - DS Anchor 0 42.16 145
70.4352 41.73937778 109.9832604 10213.104 633.314579 168.8838877

3.96666 Pool 32 42.16 145
70.3824 83.41617778 109.9008142 10205.448 632.8398305 168.7572881

3.95333 Riffle - US Anchor 32 42.16 145
70.3824 83.41617778 54.95040711 9677.58 600.1067358 160.0284629

3.94 Riffle - Anchor 32 138.4444444 0 130
63.36 75.09333333 49.46773333 8712 540.23112 144.061632

3.928 Riffle - DS Anchor 32 42.16 145
63.36 75.09333333 98.93546667 9187.2 569.698272 151.9195392

3.916 Pool 32 42.16 145
63.36 75.09333333 98.93546667 9187.2 569.698272 151.9195392

3.904 Riffle - US Anchor 32 42.16 145
66.8976 79.28604444 52.22968178 9198.42 570.3940242 152.1050731

3.89133 Riffle - Anchor 32 138.4444444 0 130
66.8976 79.28604444 52.22968178 9198.42 570.3940242 152.1050731

3.87866 Riffle - DS Anchor 32 42.16 145
66.8448 79.22346667 104.3769173 9692.496 601.031677 160.2751139

3.866 Pool 32 42.16 145
51.48 61.01333333 80.38506667 7464.6 462.879846 123.4346256

3.85625 Riffle - US Anchor 32 42.16 145
51.48 61.01333333 40.19253333 7078.5 438.937785 117.050076

3.8465 Riffle - Anchor 32 138.4444444 0 130
51.48 61.01333333 40.19253333 7078.5 438.937785 117.050076

3.83675 Riffle - DS Anchor 32 42.16 145
51.48 61.01333333 80.38506667 7464.6 462.879846 123.4346256

3.827 Pool 32 42.16 145
52.8 62.57777778 82.44622222 7656 474.74856 126.599616

3.817 Riffle - US Anchor 32 42.16 145
52.8 62.57777778 41.22311111 7260 450.1926 120.05136

3.807 Riffle - Anchor 32 138.4444444 0 130
52.8 62.57777778 41.22311111 7260 450.1926 120.05136

3.797 Riffle - DS Anchor 32 42.16 145
52.8 62.57777778 82.44622222 7656 474.74856 126.599616

3.787 ?? 32 42.16 145
63.36 75.09333333 98.93546667 9187.2 569.698272 151.9195392

3.775 ?? 32 42.16 145
63.36 75.09333333 98.93546667 9187.2 569.698272 151.9195392

3.763 ?? 32 42.16 145
63.36 75.09333333 98.93546667 9187.2 569.698272 151.9195392

3.751 ?? 32 42.16 145
142.56 168.96 222.6048 20671.2 1281.821112 341.8189632

3.724 ?? 32 42.16 145
15.84 18.77333333 24.73386667 2296.8 142.424568 37.9798848

3.721 ?? 32 42.16 145
21.12 25.03111111 32.97848889 3062.4 189.899424 50.6398464

3.717 ?? 32 42.16 145
132 156.4444444 206.1155556 19140 1186.8714 316.49904

3.692 ?? 32 42.16 145
105.6 125.1555556 164.8924444 15312 949.49712 253.199232

3.672 ?? 32 42.16 145
110.88 131.4133333 173.1370667 16077.6 996.971976 265.8591936

3.651 ?? 32 42.16 145

The distance in feet of each cross section to the next 
downstream cross section provided below: Grout

Crushed Stone and 
Recycled Concrete

Bed Material



Station
End Area 
Cut (sf)

End Area 
Fill (sf)

Volume of 
Cut (bcy)

Volume of 
Fill (ccy)

Adj. Fill for 
Shrinkage 

(bcy)
Algebraic 
Sum (bcy)

Mass 
Ordinate

-+38. 400 0 0 0 0 0 0
+26. 257.6 0 779.3778 0 0 779.3778 779.3778

1+70. 263.1 0 1388.533 0 0 1388.533 2167.911
2+62. 286.5 0 936.3556 0 0 936.3556 3104.267
3+49. 276.8 0 907.5389 0 0 907.5389 4011.806
4+61. 261.8 0 1117.096 0 0 1117.096 5128.902
6+01. 288.7 0 1427.222 0 0 1427.222 6556.124
7+30. 273.2 0 1342.317 0 0 1342.317 7898.441
8+59. 270.9 0 1299.794 0 0 1299.794 9198.235
9+90. 357.7 0 1524.937 0 0 1524.937 10723.17

10+95. 402.36 0 1477.894 0 0 1477.894 12201.07
12+00. 364.1 0 1490.339 0 0 1490.339 13691.41
13+04. 373.8 0 1421.141 0 0 1421.141 15112.55
14+00. 400 0 1375.644 0 0 1375.644 16488.19
15+37. 400 0 2029.63 0 0 2029.63 18517.82
16+01. 400 0 948.1481 0 0 948.1481 19465.97
17+00. 400 0 1466.667 0 0 1466.667 20932.64
18+00. 400 0 1481.481 0 0 1481.481 22414.12
19+00. 400 0 1481.481 0 0 1481.481 23895.6
20+00. 400 0 1481.481 0 0 1481.481 25377.08
21+00. 400 0 1481.481 0 0 1481.481 26858.56
21+47. 400 0 696.2963 0 0 696.2963 27554.86
22+51. 400 0 1540.741 0 0 1540.741 29095.6

CULVERT DESIGN #1 MASS DIAGRAM



Project (less than $40M):
Project Development Stage: 

Risk Category:

Total Construction Contract Cost = 4,443,307$                 

CWWBS Feature of Work Contract Cost % Contingency $ Contingency Total

01   LANDS AND DAMAGES Real Estate 134,000$                  0.00% -$                               134,000.00$         

1 09 01 CHANNELS Mob, Demob, Preparatory 166,130$                  9.07% 15,061$                     181,190.73$         

2 09 01 CHANNELS Demolition 749,450$                  15.15% 113,516$                   862,966.46$         

3 09 01 CHANNELS Earthwork 860,299$                  18.65% 160,435$                   1,020,733.70$      

4 09 01 CHANNELS Channel Construction 2,098,999$               19.54% 410,214$                   2,509,213.05$      

5 09 01 CHANNELS Control of Water 494,721$                  21.60% 106,855$                   601,576.45$         

6 09 01 CHANNELS Access Rd & Parking Area 40,153$                    6.97% 2,800$                       42,953.41$           

7 09 01 CHANNELS Liners, Membranes & Fabrics 33,555$                    10.70% 3,590$                       37,144.90$           

12 Remaining Construction Items -$                              0.0% 0.00% -$                               -$                      

13 30 PLANNING, ENGINEERING, AND DESIGN Planning, Engineering, & Design 282,998$                  11.09% 31,391$                     314,388.76$         

14 31 CONSTRUCTION MANAGEMENT Construction Management 356,968$                  11.87% 42,358$                     399,325.90$         

Totals
Real Estate 134,000$                  0.00% -$                               134,000.00$         

Total Construction Estimate 4,443,307$               18.29% 812,472$                   5,255,779$           
Total Planning, Engineering & Design 282,998$                  11.09% 31,391$                     314,389$              

Total Construction Management 356,968$                  11.87% 42,358$                     399,326$              
Total 5,217,273$               886,220$                   6,103,493$           

Abbreviated Risk Analysis

Menomonee River Restoration Section 206
Feasibility (Recommended Plan)
Low Risk: Simple Project-No Life Safety



Meeting Date: 12/6/2012, updated on 25 February 2014

PDT Members

Project Management: Steve Check
Planner: Tonya Harrington

Study Manager: NAME
Contracting: Tom McKay
Real Estate: Glenn Spence
Relocations: NAME

OTHER: Hal Harrington, EAB
Engineering & Design: Tim Smith, Shelby Fowler

Technical Lead: Jihad Safa
Geotech: NAME

Hydrology: Michelle Grimmer
Civil: NAME

Structural: NAME
Mechanical: NAME

Electrical: NAME
Cost Engineering: Julie Udell

Construction: NAME
Operations: NAME

OTHER: NAME
OTHER: NAME
OTHER: NAME
OTHER: NAME
OTHER: NAME
OTHER: NAME
OTHER: NAME
OTHER: NAME

Menomonee River Restoration Section 206

Abbreviated Risk Analysis

Feasibility (Recommended Plan)

Note:  PDT involvement is commensurate with project size and involvement.



Very Likely 2 3 4 5 5
Meeting Date: 12/6/2012, updated on 25 February 2014 Likely 1 2 3 4 5

Possible 0 1 2 3 4
Unlikely 0 0 1 2 3

Negligible Marginal Significant Critical Crisis

Project Scope Growth
40%

PS-1
• Potential for scope growth, added features and 
quantities?  

1

PS-2
• Potential for scope growth, added features and 
quantities?  

0

PS-3
• Potential for scope growth, added features and 
quantities?  

1

PS-4
• Potential for scope growth, added features and 
quantities?  

1

PS-5
• Potential for scope growth, added features and 
quantities?  

2

PS-6
• Potential for scope growth, added features and 
quantities?  

0

PS-7
• Potential for scope growth, added features and 
quantities?  

0

PS-12
• Potential for scope growth, added features and 
quantities?  

0

PS-13
• Potential for scope growth, added features and 
quantities?  

2

PS-14
• Potential for scope growth, added features and 
quantities?  

1

Design could be further refined possibly causing excavation 
quantities to change. 

Stone size analysis is complete; stone size is similar to other 
finished adjacent reaches. Current estimate includes permanent 
ssp in areas that may need additional stability. Ongoing getoech 
investigation/analysis is finding that ssp stability is likely only 
needed during construction and could be pulled and reused 
along the reach. Since this analysis remains ongoing, estimate 
remains unchanged and reflects the over-design/additional cost. 
Soil underneath concrete is permeable, water may seep upward 
causing wet conditions. Also, need to determine which outfalls 
can get plugged along de-watered area.
Although urban, there is plenty of open space such as vacant 
parking lots at this location.

Menomonee River Restoration Section 206
Feasibility (Recommended Plan)

Abbreviated Risk Analysis

Yes,

No, 

Yes,

No, 

No, 

No, 

No, 

Liners, Membranes & 
Fabrics

Remaining 
Construction Items 

Planning, Engineering, 
& Design

Construction 
Management

Unlikely

Unlikely

The scope of this shouldn't change unless a reach had to be 
shortened. 

Negligible

Marginal

MarginalPossible

Possible Marginal

Unlikely

Possible

Likely

Possible Negligible

Negligible

Unlikely Negligible

Likely

Demolition

Concerns

Earthwork

Channel Construction

Control of Water

Access Rd & Parking 
Area

Significant

Marginal

Marginal

Concrete can be easily recycled/disposed of off site; estimate 
currently has quote from recycling company to haul away.

Mob, Demob, 
Preparatory

Current assumption is that north access is located approximately 
200 ft north into a separate project at the north boundry of this 
project. We would either have to undo other Contractor's work 
and replace or have them stop at the access point and we would 
finish that portion of the project, thus adding linear feet to our 
scope. Second southerly west side access location needs 
further investigation, real estate has not secured. There is also 
good access in the same location on east side of river but real 
estate has also not secured.

Risk Level

Likelihood Impact
Risk 

Element
Risk 
Level

Feature of Work PDT Discussions & Conclusions
(Include logic & justification for choice of Likelihood & Impact)

Max Potential Cost Growth

Concerns Pull Down Tab (ENABLE MACROS 
THRU TRUST CENTER)
(Choose ALL that apply)

Still need additional survey data. It's still unknown if concrete 
can be removed in area under Wi-DOT I-94 bridge which would 
impact fish passage. It's possible that Wi-DOT would not 
approve of Corps design, however, other reaches of the 
creek/river have been completed w/ very simialr designs.

Work is weather and flow dependent, could extend construction 
management period.

Yes, 

Yes, 



Acquisition Strategy
30%

AS-1 • Contracting plan firmly established? 1

AS-2 • Contracting plan firmly established? 1

AS-3 • Contracting plan firmly established? 1

AS-4 • Contracting plan firmly established? 1

AS-5 • Contracting plan firmly established? 1

AS-6 • Contracting plan firmly established? 1

AS-7 • Contracting plan firmly established? 1

AS-12 • Contracting plan firmly established? 0

AS-13 • Contracting plan firmly established? 0
AS-14 • Contracting plan firmly established? 0

Negligible
Negligible

Possible

Unlikely

Unlikely
Construction Unlikely

Negligible

Marginal

Possible

Possible

Marginal

Marginal

Marginal

Marginal

Marginal

Marginal

Possible

Possible

Possible

Possible

Max Potential Cost Growth

Remaining 
Construction Items 
Planning, Engineering, 
& Design

Control of Water

Access Rd & Parking 
Area

Mob, Demob, 
Preparatory

Demolition

Earthwork

Channel Construction

Liners, Membranes & 
Fabrics

Acquisition strategy not well defined.

Acquisition strategy not well defined.

Acquisition strategy not well defined.

None, 
None, 

No issues were identified.

No issues were identified.

This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.
This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.
This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.

This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.
This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.
This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.

This project is a likely candidate to advertise for small business. 
The construction features are fairly typical and would contribute 
to good competition among contractors. This statement applies 
to all potential risk areas.Acquisition strategy not well defined.

Acquisition strategy not well defined.

Acquisition strategy not well defined.

Acquisition strategy not well defined.



Construction Elements
15%

CE-1 • Accelerated schedule or harsh weather schedule?  0

CE-2 • Accelerated schedule or harsh weather schedule?  2

CE-3 • Accelerated schedule or harsh weather schedule?  2

CE-4 • Accelerated schedule or harsh weather schedule?  1

CE-5 • Accelerated schedule or harsh weather schedule?  1

CE-6 • Accelerated schedule or harsh weather schedule?  0

CE-7 • Accelerated schedule or harsh weather schedule?  0

CE-12 • Accelerated schedule or harsh weather schedule?  0

CE-13 • Accelerated schedule or harsh weather schedule?  1

CE-14 • Accelerated schedule or harsh weather schedule?  2Marginal

Marginal

Marginal

Marginal

Negligible

Unlikely

Marginal
Liners, Membranes & 
Fabrics Unlikely

Likely

Planning, Engineering, 
& Design Possible

Remaining 
Construction Items Unlikely Negligible

MarginalYes,  

Yes,

Max Potential Cost Growth

Negligible

Significant

Unlikely

Possible

Likely

Possible

Possible
Access Rd & Parking 
Area

Mob, Demob, 
Preparatory

Demolition

Earthwork

Channel Construction

Control of Water

Laying fabric not a complex task.
No, 

Additional construction management will likely be required at 
bridges and wpa walls.

Unforseen safety concerns due to unaddressed complexities. 
Possible outfall work to be included, but PM hopes to keep that 
work with the sponser.

Construction 
Management

Concrete demolition could possibly damage stability of wpa wall, 
however, design intends for this area to get sawcut so 
probablitliy is low that damage will occur. Significant if wall 
needed repair.

Wet soils on channel bottom could cause difficulty for equipment 
and tight equipment clearance for work under railroad bridge.

construction consists of earth excavation; concrete demo; stone, 
concrete and ssp placement.
Small low volume channel; higher volume only occurs w/ storm 
events. Historical info can predict expected high volume flows so 
proper measures can be taken.

No unusual details required for this construction feature.

Minor concern,

Yes,

No, 

No. 

No, 

Relatively small project and storage is widely available.
No, 



Quantities for Current Scope
20%

Q-1
• Level of confidence based on design and 
assumptions?  0

Q-2
• Level of confidence based on design and 
assumptions?  0

Q-3
• Level of confidence based on design and 
assumptions?  2

Q-4
• Level of confidence based on design and 
assumptions?  1

Q-5
• Level of confidence based on design and 
assumptions?  2

Q-6
• Level of confidence based on design and 
assumptions?  0

Q-7
• Level of confidence based on design and 
assumptions?  0

Q-12
• Level of confidence based on design and 
assumptions?  0

Q-13
• Level of confidence based on design and 
assumptions?  0

Q-14
• Level of confidence based on design and 
assumptions?  0

Construction 
Management Unlikely Marginal

Planning, Engineering, 
& Design Unlikely

Remaining 
Construction Items Unlikely Negligible

Differing conditions could cause additional construction 
management or quantities.

Additional design could affect quantities. Soil analysis could 
cause additional contaminated soil quantities.Yes, minor concern, Marginal

Yes, minor concern,

Marginal
Liners, Membranes & 
Fabrics Unlikely

Currently based off of typical cross section.
No, 

NegligibleUnlikely

Earthwork

Channel Construction

Control of Water
Access Rd & Parking 
Area

Existing AE design has provided quantities, also survey cross 
sections exist.

The concrete dimensions are known.

These quantities will be revisited to make sure proper amount of 
material is taken off site. 
Quantity of stone is measurable w/ existing survey cross 
sections; similar design as adjacent reaches that have been 
constructed. Estimate is based on conservative design; 
additional investigation is proving that ssp and concrete 
We assumed pumps would run for duration of construction in 
channel bed; the one season construction duration is also an 
assupmtion.

Dimensions known for this material.

No, 

No, 

Yes, 

No, 

Possible concern,

No, 

Mob, Demob, 
Preparatory

Demolition

Negligible

Marginal

Marginal

Marginal

Marginal

Max Potential Cost Growth

Unlikely

Unlikely

Likely

Possible

Likely



Specialty Fabrication or Equipment
50%

FE-1
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-2
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-3
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-4
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-5
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-6
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-7
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-12
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-13
• Unusual parts, material or equipment manufactured 
or installed?  0

FE-14
• Unusual parts, material or equipment manufactured 
or installed?  0

Construction 
Management Unlikely Negligible

Planning, Engineering, 
& Design Unlikely

Remaining 
Construction Items Unlikely NegligibleN/A

N/A

N/A

Negligible

Negligible
Liners, Membranes & 
Fabrics UnlikelyN/A

Max Potential Cost Growth

Unlikely

Unlikely

Negligible

Negligible

Negligible

Negligible

Negligible

Negligible

Unlikely

Unlikely

Unlikely

Unlikely

Control of Water
Access Rd & Parking 
Area

Mob, Demob, 
Preparatory

Demolition

Earthwork

Channel Construction

N/A

N/A

N/A

N/A

N/A

N/A



Cost Estimate Assumptions
25%

CT-1 • Reliability and number of key quotes?  0

CT-2 • Reliability and number of key quotes?  1

CT-3 • Reliability and number of key quotes?  0

CT-4 • Reliability and number of key quotes?  2

CT-5 • Reliability and number of key quotes?  1

CT-6 • Reliability and number of key quotes?  0

CT-7 • Reliability and number of key quotes?  1

CT-12 • Reliability and number of key quotes?  0

CT-13 • Reliability and number of key quotes?  0

CT-14 • Reliability and number of key quotes?  0

Possible

Possible

Negligible

Construction 
Management Unlikely Negligible

Negligible
Planning, Engineering, 
& Design No, Unlikely

Liners, Membranes & 
Fabrics Possible
Remaining 
Construction Items Unlikely Negligible

Marginal

Possible

Possible

Max Potential Cost Growth

Control of Water

Access Rd & Parking 
Area

Mob, Demob, 
Preparatory

Demolition

Earthwork

Channel Construction

Marginal

Negligible

Significant

Marginal

Negligible

Possible

Possible

In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Negligible because small cost item.

In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Marginal because of cost magnitude of this item. 

In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Negligible because small cost item.
In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Significant because this risk area is associated with 
greater cost.

In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Marginal because of cost magnitude of this item. 

In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Negligible because small cost item.
In general, quantities have been well defined except where 
noted. RS Means is the primary source of cost data as well as 
quotes. Marginal because this risk area is associated with less 
cost.

Don't anticipate change in cost estimating methods.

Don't anticipate change in cost estimating methods.
No, 



External Project Risks
20%

EX-1 • Potential for severe adverse weather?  0

EX-2 • Potential for severe adverse weather?  2

EX-3 • Potential for severe adverse weather?  2

EX-4 • Potential for severe adverse weather?  2

EX-5 • Potential for severe adverse weather?  2

EX-6 • Potential for severe adverse weather?  0

EX-7 • Potential for severe adverse weather?  1

EX-12 • Potential for severe adverse weather?  0

EX-13 • Potential for severe adverse weather?  0

EX-14 • Potential for severe adverse weather?  1Marginal
Construction 
Management Possible

Schedule increase due to weather events.

Unlikely

Marginal

Negligible

Negligible

Possible

Unlikely

Possible

Unlikely

Marginal

Significant

Liners, Membranes & 
Fabrics
Remaining 
Construction Items 
Planning, Engineering, 
& Design

Concern w/ weather related channel conditions and high flow 
events however, since historic flow volume data exists, 
dewatering measures should tolerate weather events.  Can't 
place fabric if water is flowing through placement area.

No discussion identified for this risk area in regards to external 
risk.No, 

Access Rd & Parking 
Area

Mob, Demob, 
Preparatory

Demolition

Earthwork

Channel Construction

Control of Water

Significant

Significant

Significant

Negligible

Unlikely

Possible

Possible

Possible

Max Potential Cost Growth

Yes, 

Concern w/ weather related channel conditions and high flow 
events however, since historic flow volume data exists, 
dewatering measures should tolerate weather events. 

Concern w/ weather related channel conditions and high flow 
events however, since historic flow volume data exists, 
dewatering measures should tolerate weather events. 

Concern w/ weather related channel conditions and high flow 
events but this isn't in the channel where flow could occur.

Concern w/ weather related channel conditions and high flow 
events however, since historic flow volume data exists, 
dewatering measures should tolerate weather events.  May need 
additional pumps or pump duration if more water than diversion 

Concern w/ weather related channel conditions and high flow 
events. Small stone could wash away if not all properly in place 
however, since historic flow volume data exists, dewatering 
measures should tolerate weather events. 

Concern w/ weather related channel conditions and high flow 
events. Such events could wash unprotected soil away however, 
since historic flow volume data exists, dewatering measures 
should tolerate weather events. 

Yes, 

Yes, 

Yes, 

Yes, 

Yes, 

Yes, 



WALLA WALLA COST ENGINEERING  
MANDATORY CENTER OF EXPERTISE 

 
COST AGENCY TECHNICAL REVIEW 

 
CERTIFICATION STATEMENT 

 
For Project No. 113605 

 
LRE – Menomonee River Stream Restoration 

Section 206 
 

The Menomonee River Stream Restoration Section 206 project, as presented by 
the Detroit District, has undergone a successful Cost Agency Technical Review 
(Cost ATR) of remaining costs, performed by the Walla Walla District Cost 
Engineering Mandatory Center of Expertise (Cost MCX) team.  The Cost ATR 
included study of the project scope, report, cost estimates, schedules, escalation, 
and risk-based contingencies.  This certification signifies the cost products meet 
the quality standards as prescribed in ER 1110-2-1150 Engineering and Design for 
Civil Works Projects and ER 1110-2-1302 Civil Works Cost Engineering.   
 
As of March 4, 2014, the Cost MCX certifies the estimated total project cost: 
 
FY2014 First Costs:   $6,354,000  
Total Project Costs:   $6,445,000  
Estimated Federal Costs:  $4,432,000  
 
Note: Cost ATR was devoted to remaining work.  It did not review spent costs, 
which requires an audit process.  It remains the responsibility of the District to 
correctly reflect these cost values within the Final Report and to implement 
effective project management controls and implementation procedures including 
risk management throughout the life of the project. 
 
 
 
            
      Kim C. Callan, PE, CCE, PM  
      Chief, Cost Engineering MCX 
      Walla Walla District 
      
 
 

 



**** TOTAL PROJECT COST SUMMARY **** Printed:3/4/2014 
Page 1 of 2

PROJECT: DISTRICT: Detroit District, LRE PREPARED:pdated 25jun201
PROJECT NO: P2 # 113605 POC:   CHIEF, COST ENGINEERING, William Merte
LOCATION: Milwaukee, WI

This Estimate reflects the scope and schedule in report; CAP Feasibilty Report

                    

Program Year (Budget EC): 2014

Effective Price Level Date: 1  OCT 13

 Spent Thru:

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG 10/1/2013 COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)    ($K)  

A B C D E F

09 CHANNELS & CANALS - -

09 Construction $4,659 $853 18.3% $5,512 2.1% $4,755 $870 $5,625 $5,625 $4,819 $882 $5,701

__________ __________                  __________ _________ _________ __________ ____________ ____________ _________ _________ ____________

CONSTRUCTION ESTIMATE TOTALS: $4,659 $853 $5,512 2.1% $4,755 $870 $5,625 $5,625 $4,819 $882 $5,701

01 LANDS AND DAMAGES $6 $6 2.1% $6 $6 $6 $6 $6

30 PLANNING, ENGINEERING & DESIGN $283 $31 11% $314 1.8% $288 $32 $320 $320 $293 $32 $325
  

31 CONSTRUCTION MANAGEMENT $357 $39 11% $396 1.8% $363 $40 $403 $403 $373 $41 $64

__________ __________ __________ _________ _________ __________ ____________ ____________ _________ _________ ____________
PROJECT COST TOTALS: $5,305 $923 17% $6,228  $5,412 $941 $6,354 $6,354 $5,491 $955 $6,445

Mandatory by Regulation   CHIEF, COST ENGINEERING, William Merte

TOTAL PROJECT COST
(FULLY FUNDED)

PII 113605 Menomonee River Stream Restoration Sec 206

WBS Structure ESTIMATED COST
PROJECT FIRST COST  
(Constant Dollar Basis)

REMAININ
G COST

TOTAL FIRST 
COST

ESTIMATED TOTAL PROJECT COST: $6,445
Mandatory by Regulation   PROJECT MANAGER, Steve Check  ESTIMATED FEDERAL COST: 65% $4,189

ESTIMATED NON-FEDERAL COST: 35% $2,256
Mandatory by Regulation   CHIEF, REAL ESTATE, Vic Kotwicki  

 22  -  FEASABILITY STUDY (CAP studies): $386
  CHIEF, PLANNING, Terry Long ESTIMATED FEDERAL COST: $243

ESTIMATED NON-FEDERAL COST: $143
  CHIEF, ENGINEERING, Phil Ross

ESTIMATED FEDERAL COST OF PROJECT $4,432
  CHIEF, OPERATIONS, Dave Wright

  CHIEF, CONSTRUCTION, Phil Ross

  CHIEF, CONTRACTING, Sandra Kenzie O&M OUTSIDE OF TOTAL PROJECT COST:

  CHIEF,  PM-PB, Jim Galloway

  CHIEF, DPM, Scott Thieme

Filename: TPCS LRE Menomonee Mar 2014 - JGN Check - Updated.xlsx
TPCS



**** TOTAL PROJECT COST SUMMARY **** Printed:3/4/2014 
Page 2 of 2

**** CONTRACT COST SUMMARY ****

PROJECT: PII 113605 Menomonee River DISTRICT: Detroit District, LRE PREPARED:pdated 25jun201
LOCATION: Milwaukee, WI POC:   CHIEF, COST ENGINEERING, William Merte
This Estimate reflects the scope and schedule in report; CAP Feasibilty Report

25-Jun-13 2014
 1-Oct-12 1  OCT 13

RISK BASED 

WBS Civil Works COST CNTG CNTG TOTAL ESC COST CNTG TOTAL Mid-Point INFLATED COST CNTG FULL
NUMBER Feature & Sub-Feature Description   ($K)    ($K)    (%)    ($K)    (%)    ($K)    ($K)    ($K)  Date   (%)    ($K)    ($K)    ($K)  

A B C D E F G H I J P L M N O
PHASE 1 or CONTRACT 1

09 CHANNELS & CANALS

09
09 Construction $4,659 $853 18.3% $5,512 2.1% $4,755 $870 $5,625 2014Q4 1.3% $4,819 $882 $5,701

 

__________ __________ _________ __________ _________ _________ __________ _________ _________ ____________
CONSTRUCTION ESTIMATE TOTALS: $4,659 $853 18.3% $5,512 $4,755 $870 $5,625 $4,819 $882 $5,701

01 LANDS AND DAMAGES $6 $6 2.1% $6 $6 2014Q3 0.9% $6 $6

 

30 PLANNING, ENGINEERING & DESIGN

    Project Management $40 $4 11% $44 1.8% $41 $4 $45 2014Q3 1.5% $41 $5 $46

WBS Structure

Estimate Prepared:
Effective Price Level:

Program Year (Budget EC):
Effective Price Level Date:

ESTIMATED COST
PROJECT FIRST COST             (Constant 

Dollar Basis)
TOTAL PROJECT COST (FULLY FUNDED)

    Planning & Environmental Compliance $55 $6 11% $61 1.8% $56 $6 $62 2014Q3 1.5% $57 $6 $63
    Engineering & Design $130 $14 11% $144 1.8% $132 $15 $147 2014Q3 1.5% $134 $15 $149
    Engineering Tech Review ITR & VE $25 $3 11% $28 1.8% $25 $3 $28 2014Q3 1.5% $26 $3 $29
    Contracting & Reprographics $10 $1 11% $11 1.8% $10 $1 $11 2014Q3 1.5% $10 $1 $11
    Engineering During Construction $23 $3 11% $26 1.8% $23 $3 $26 2014Q4 2.6% $24 $3 $27
    Project Operations

31 CONSTRUCTION MANAGEMENT

6.5%     Construction Management $299 $36 12% $335 1.8% $304 $37 $341 2014Q4 2.6% $312 $37 $350
    Environmental Monitoring $33 $33 1.8% $34 $34 2014Q4 2.6% $34 $34

2.5%     Project Management $25 $3 12% $28 1.8% $25 $3 $28 2014Q4 2.6% $26 $3 $29

CONTRACT COST TOTALS: $5,305 $923 $6,228 $5,412 $941 $6,354 $5,491 $955 $6,445

Filename: TPCS LRE Menomonee Mar 2014 - JGN Check - Updated.xlsx
TPCS
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1.0  INTRODUCTION 
 
The Milwaukee Metropolitan Sewerage District of Milwaukee, Wisconsin has requested the 
assistance of the U.S. Army Corps of Engineers, Detroit District in restoring a 2,400 lf area 
of the Menomonee River beginning at HWY 18 northwest of the intersection of W Michigan 
St and N 38th St and continuing southerly direction to I94 southwest of W Mt Vernon 
Avenue and N 42nd St in Milwaukee, Wisconsin (Figure 1) approximately 100 miles north of 
Chicago, Illinois.  
 

 
Figure 1. Project area 

 
This section of the Menomonee River prevents fish from accessing restored sections 
upstream. 
 
  

Downstream end of 
project 

Upstream 
beginning of 
project  
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This Section 206 project is intended to provide fish species access to spawning areas 
upstream and resting and habitat areas within the project sections.  
  
2.0 OVERVIEW AND PROJECT DESCRIPTION  
 
 2.1  Existing Conditions 
 
The Menomonee River and Menomonee River Watershed is in southwestern Wisconsin 
(Figure 2). This 32-mile river is one of the principal tributaries of the Milwaukee River, and 
is part of a major watershed that drains to Lake Michigan. The watershed encompasses 136 
square miles, including portions of Washington, Ozaukee, Waukesha and Milwaukee 
Counties and flows approximately 32 miles in a southeasterly direction from its headwaters 
in the Village of Germantown and the City of Mequon, Wisconsin to the Milwaukee and 
Kinnickinnic Rivers in the Milwaukee Harbor. The watershed flows primarily through urban 
areas, with the central and lower portions including mainly residential, commercial and 
industrial developments. The agricultural land near the upper reach of the Menomonee River 
is rapidly being developed.  
 

 
Figure 2 – Menomonee River Restoration Location map 

 
During 1965-66, the MMSD lined approximately 1 mile of the Menomonee River with 
concrete for flood control purposes. The proposed project involves the removal of the 
remaining portion of the concrete channel lining along a 2,400-foot stretch of the 
Menomonee River, Milwaukee, Wisconsin. The upstream limit of this project corresponds to 
the downstream limit of a completed MMSD project which removed a drop structure at 45th 
Street and 1,000 feet of concrete channel lining.  
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Figure 3 shows the Menomonee River as it appears today.  
 

 
Figure 3 – Concrete lined Menomonee River Section 

 
The Menomonee River has had severe water quality and physical habitat problems but, 
recent restoration efforts have resulted in substantial improvements. MMSD has reduced the 
annual combined sewer overflows into the Menomonee River from 60 to 2, resulting in 
significantly improved water quality. Water quality has also been improved by zebra mussel 
activity.      

As with other areas of rapid urban development, increases in impervious area contribute to a 
flashier system with higher peak velocities and shear stresses. Bank erosion and erosion from 
construction sites also contribute heavily to waterway pollution within the Menomonee River 
watershed. 

Upstream of the concrete lined portion of the channel, the Menomonee River and its 
tributaries extend into progressively more rural areas. A warm water fish community exists in 
this portion of the river, supporting significant smallmouth bass populations. Downstream of 
the concrete section, the river becomes an estuary backwater of Lake Michigan. Northern 
pike and walleye are the top fish predators in this area, exhibiting significant population 
increases in response to water quality improvements. The Wisconsin Department of Natural 
Resources (WDNR) provided a list of fish species lost or severely impaired by the  
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construction, and continued presence of the concrete lined channel, as depicted in Table 1. 
Some of these species were impacted by the drop structure, which was recently removed by 
the MMSD. 
 

Table 1 - Impacted Fish Species 
      
  Native Species   
Greater Redhorse Sucker   Smallmouth Bass         Northern Pickerel 
White Sucker                      Walleye                        Johnny Darter 
Longnose Sucker                Northern Pike               Creek Chub 
Shorthead Sucker               American Eel*               
      
                                           Non-Native Species   
Rainbow Trout                   Coho Salmon                Atlantic Salmon 
Brown Trout                       Chinook Salmon          Sockeye Salmon 

*SPECIAL CONCERN STATUS: The WDNR has listed the American Eel as a  
“Species of Concern”; it is considered rare and uncommon in Wisconsin. 

 
 2.2  Future Without-Project Condition 
 
The Without Project Condition assumes that the MMSD would not remove the concrete 
section of the Menomonee River beginning at HWY 18 northwest of the intersection of W 
Michigan St and N 38th St and continuing southerly direction to I94 southwest of W Mt 
Vernon Avenue and N 42nd St in Milwaukee, Wisconsin. The river would continue to prevent 
native fish species from accessing critical spawning areas.  The spawning reproduction rates 
for the region would remain unnaturally low with the restored habitat north of the project 
area remaining inaccessible to spawning fish and the project area itself would continue to 
produce flows well beyond tolerance for the regions fishery.      
 
Without-project problems:  

 Loss of aquatic habitat, natural shoreline and emergent wetlands 
 Shortage of deeper water areas sheltered from the main current of the river occurring 

near to shoreline spawning habitat  

 Continuance of a flashier system due to impervious concrete with higher peak 
velocities and shear stresses resulting in bank erosion contributing to waterway 
pollution within the Menomonee River watershed. 

 
3.0 SOCIOECONOMIC ANALYSIS1  
 
The Menomonee River Watershed covers 136 square miles in portions of Washington, 
Ozaukee, Waukesha and Milwaukee counties. The river originates in the Village of 
Germantown and the City of Mequon and flows in a southeasterly direction for about 32 
                                                 
1 Wisconsin Watersheds, Menomonee Watershed Plan 2010, August 2010, Wisconsin Department of Natural 
Resources. 
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miles before it meets the Milwaukee and Kinnickinnic Rivers in the Milwaukee Harbor 
Estuary. The watershed contains 96 total stream miles and 4,537 wetland acres. 
 

3.1  Demographics 
 
When compared to the State of Wisconsin with 99 persons per square, the Menomonee River 
watershed is densely populated with 2,367 persons per square mile.  The population is 
relatively stable, remaining around 322,000 individuals between 1990 and 2000, but the 
number of household units increased by 3.5% to 129,736 dwellings. Thus, though the 
number of residents was stable, urban growth was increasing.  
 

3.2  Land Use 
 

The Menomonee watershed contains a mix of land use types (Figure 4). From 1970 to 2000, 
agriculture and related land uses declined by 43%. Most remaining rural land is located in the 
upper reaches of the watershed in Ozaukee and Washington Counties. As shown in Figure 3,  
52% of the watershed is suburban/urban, 22% is devoted to agriculture with 14% remaining 
as open water or open space. 

Figure 4. Menomonee Watershed Land Use2 

 
The City of Milwaukee is the largest city in the Menomonee watershed and in the state of 
Wisconsin; it is the 28th most populous city in the United States with a population of nearly 
600,000 persons. Table 2 presents demographic and socioeconomic data for the city. 
Milwaukee has a lower median home value of $139,000 compared to $165,300 for the 

                                                 
2 Information from Source 1 
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County and $169,700 for the state. Unemployment rates for the city are slightly lower than 
that for the entire county at 8.4% compared to 9.1%, but higher than the state rate of 7.1%.    
  
 

Table 2 - Milwaukee Demographic Profile 
City of 
Milwaukee 

Milwaukee 
County Wisconsin 

Population, 2012 (2011 for City of Milwaukee) 597,867 955,205 5,726,398 
Number of housing units, 2011 (2010 for City)  255,569 418,935 2,634,781 
Population per Square Mile, 2010  6,188.3 3,926 105 
Persons under 18 years, percent, 2011 (2010 for City) 27.1% 24.9% 23.2% 
Persons 65 years and over, percent, 2011 (2010 for City) 8.9% 11.4% 13.9% 
   
High School Graduate or Higher, 2007-2011 (25 or older) 80.5% 85.2% 89.8% 
Bachelor's degree or higher, 2007-2011 (25 or older) 21.3% 27.1% 26.0% 
Persons below poverty, percent, 2007-2011     27.0% 19.9% 12.0% 
Median household income, 2007-2011     $35,815 $43,397 $52,374 
Median value of owner-occupied housing units, 2007-
2011 $139,000 $165,300 $169,700 
Unemployment Rate for the Milwaukee-Waukesha-West 
Allis, WI Metropolitan Statistical Area (BLS)-February 
2013 8.4%  
Unemployment Rates, February 2013 9.1%* 7.1% 
Source: Census Bureau's Quick Facts, U.S. Bureau of Labor Statistics 
* January2013 

 
  
4.0 ALTERNATIVES 
 
This project proposes to replace the concrete with a more natural river bed built of stone and 
containing features found in natural channels such as pools, vegetated bars, and riffles. It is 
anticipated that this will restore form and function to this impaired waterway.  The evaluated 
alternatives are presented here.       
 
 4.1  Alternative 1 – Concrete Removal with Riffle-Pool Construction 
 
Alternative 1 consists of removing the concrete channel lining, and placing stone designed to 
remain stationary during 100-year or 1% flood events.  Riffle and pool systems along with 
vegetated bars will be constructed along the river to create vital habitat for fish and other 
aquatic organisms during low flow periods as well as to provide pools of lower velocity 
during high flow periods.  Boulder runs will also be incorporated to provide areas to rest for 
migrating fish.   
 
This alternative consists of 6 pools and 6 riffles.  The riffles range from 40' to 65' with 
velocities from 1.69 fps to 2.98 fps.  Within this design, four riffle/run segments of the 
project reach have velocities greater than 2 fps, the velocity of concern for passage of 
northern pike.   
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However, for these riffle segments, the velocity at the edge of the channel is less than 2 ft/s 
and has over 1’ depth of flow, therefore, the fish will be able to pass.  The pools range from 
45' to 100' with velocities from 1.11 fps to 1.55 fps in spring.   
 

4.2  Alternative 2 – Concrete Removal with Rock Lined Channel 
 
Alternative 2 involves the removal of the concrete channel lining and replacing the lining 
with stone, without creation of any riffle or pool complexes.  The stone would be sized to be 
mobile enough to allow the river to create its own riffle pool complexes instead of forcing to 
location on the river. 
 
Alternative 2 involves replacing the removed concrete channel lining with stone without 
creation of any riffle or pool complexes. The stone would be sized to be mobile enough to 
allow the river to create its own riffle pool complexes instead of forcing to specific locations 
on the river.  It includes three segments that exceed 2 fps; one at 430' with an average 
velocity of 2.87 fps, one at 807' with an average velocity of 2.54 fps, and one at 310' with an 
average velocity of 2.43 fps. All of these segments would restrict northern pike passage and 
greatly exceed the recommended length of passage at an average velocity of 2.65 fps. Also, 
the overall average channel velocity of 2.33 fps exceeds the sustained swim speed for 
northern pike passage. The channel flow velocities within the project reach range from 1.21-
3.22 fps.   
 
The Alternative 2 design specifications of greater than 2.33 fps and 2,400 LF channel 
exceeds values found in published literature indicating acceptable velocity and distance for 
critical or prolonged swim capabilities of northern pike. 
 
 4.3  Alternative 3 – No Action  
 
The Corps 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 project would be implemented by the Federal Government or by 
local interests to achieve the planned objectives. No Action, which is synonymous with the 
Without Project Condition, forms the basis from which all other alternative plans are 
measured. No action towards restoration of habitat would allow the environment to remain in 
a degraded condition and only gradual improvement would be expected due to improved 
water quality, sediment quality, and other restoration efforts ongoing in the Milwaukee and 
other affected areas. 	
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5.0  ECONOMIC ANALYSIS OF ALTERNATIVES  
 
The Principles and Guidelines (March 10, 1983) states that the Federal objective of water 
and land related resource planning is to contribute to national economic development (NED) 
consistent with protecting the nation's environment.  This guidance directs Federal agencies 
to formulate plans that are economically and environmentally sound.  Generally, the 
economic effectiveness of plans or alternatives developed for Federal water resource projects 
are evaluated through the use of a benefit-cost analysis.  However, this analysis is impractical 
when evaluating environmental benefits.   

 
Cost effectiveness and incremental cost analysis are typically recommended when evaluating 
the effectiveness of environmental restoration projects.  When utilizing these tools, the costs 
and non-monetary outputs of each plan are weighed against each other to aid in the 
identification of the National Environmental Restoration (NER) plan.  Cost effectiveness 
(CE) is used to screen out those inefficient alternatives that produce fewer environmental 
benefits at a higher per dollar cost.  Once these inefficient alternatives have been eliminated, 
incremental cost analysis (ICA) is applied to reveal changes in costs as levels of 
environmental outputs increase.  For these two analyses to be useful in decision-making, the 
non-monetary outputs produced by each plan must be quantified in the same unit of output or 
measurement (i.e. habitat units, environmental units) to ensure that all plans are comparable 
and further, the alternatives must be incremental in nature, either by feature or benefits 
achieved.    

 
The U.S. Army Corps of Engineers Institute for Water Resources (IWR) provides step-by-
step guidance on how to conduct cost effectiveness and incremental cost analyses in their 
Evaluation of Environmental Investment Procedures Manual (IWR Report # 95-R-1).  In 
addition, IWR offers IWR Planning Suite that can be used to assist with the formulation and 
evaluation of environmental restoration plans. Due to the limited nature of the viable 
alternatives and the lack of incremental units in the alternatives evaluated, this model was not 
utilized.   
             
 5.1. Ecosystem Restoration Outputs  

 
Habitat units (HU) are an assessment tool for examining the environmental impacts or 
outcomes for each of the proposed alternatives.  For this study, the HU is achieved through 
the evaluation of a combination of importance factors including: Quantity (acres), 
Connectivity/Interspersion and Quality of the resource. These factors were then utilized to 
weight the quantity x connectivity x quality factor to achieve the habitat units.   
 
A full description of the HU calculation process is provided in Appendix E of this report.  
 
Table 3 summarizes the environmental benefits associated with each of the alternatives.  
Alternative 3, No Action, indicates zero in benefit units achieved. Of the alternatives 
evaluated in this study, Alternative 1, Concrete Removal with Riffle-Pool Construction, 
provides the greatest habitat units with 85.0 Total HU’s.  
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Table 3 - Menomonee River Habitat Units, Milwaukee, WI 

   Quantity  Quality  Connectivity  Total 
Habitat 
Units 

HU’s  AAHU 
Alternatives  ( acres)  (0‐1)  (0‐1) 

Alternative 1 ‐  ‐ With‐Project—Concrete 
Removal with Riffle/Pool Construction             

  

Upstream River Channel    100          

     Gravel within 100 acres  30 *          

        Smallmouth bass  30  1.0  1.0  30.0 

        Walleye  30  1.0  1.0  30.0 

                 Mean value   30  1.0     30.0  30.0 30.0

Constructed River Channel Riffle Pool  3*          

         Smallmouth bass  3  0.6  1.0  1.8 

         Walleye  3  1.0  1.0  3.0 

                 Mean value           2.4  2.4 2.4

Riparian Emergent Wetlands  for n. pike  125*  0.7  0.6**  52.5  52.5 52.5

TOTAL  158              85.0 85.0

Alternative 2 ‐ With‐Project —Concrete 
Removal with  Rock Lined Channel             

  

Upstream River Channel   100          

Gravel within 100 acres  30*          

        Smallmouth bass  30  1.0  0.4  12.0 

        Walleye  30  1.0  1.0  30.0 

                 Mean value   30  1.0  0.7  21.0  21.0 21.0

Reconstructed Rock Channel     3*          

         Smallmouth bass  3  0.6  0.4**  0.7 

         Walleye  3  1.0  1.0  3.0 

                 Mean value           1.9  1.9 1.9

Riparian Emergent Wetlands for n. pike  125*  0.7  0.2**  17.5  17.5 17.5

TOTAL  158           40.0 40.0

Alternative 3 – No Action Alternative                

Upstream River Channel   100          

Gravel within 100 acres  30*          

        Smallmouth bass  30  1.0  0.0  0.0 

        Walleye  30  1.0  0.0  0.0 

                 Mean value     1.0  0.0  0.0  0.0 0.0

Concrete Lined Channel  3*          

         Smallmouth bass  3  0.0  0.0  0.0 

         Walleye  3  0.0  0.0  0.0 

                 Mean value           0.0  0.0

Riparian Emergent Wetlands for n. pike  125*  0.7  0.0  0.0  0.0

TOTAL  158        Net 0  0.0 0.0
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 5.2  Project Costs  

Table 4 - Preliminary Costs of Alternatives 

2013 dollars, FY13 Interest Rate – 3.75% 

Item Alt 1 Alt 2 

Construction Cost 

Remove Concrete 
w/Riffle-Pool 
Construction 

Remove Concrete 
with Rock Lined  
Channel 

Mobilization & Demobilization $7,300 $7,300 

Demolition $728,300 $728,300 

Earthwork $1,092,300 $750,000 

Channel Construction $2,075,200 $2,002,600 

Control of Water $366,900 $278,500 

Access Rd & Parking Area  $39,000 $39,000 

Liners, Membranes and Fabrics $37,400 $37,400 

     Subtotal $4,346,400 $3,843,100 

     Contingency $651,960 $576,465 

SUBTOTAL  $4,998,360 $4,419,565 

  IDC1 $47,104 $34,672 

Construction Cost with IDC $5,045,464 $4,454,237 

Non Construction Costs 1 $530,248 $495,018 

Total Costs (less sunk) $5,575,712 $5,949,255 

  Life Cycle O&M & Monitoring Costs2 $10,227 $9,070 

TOTAL PV OF PROJECT COSTS – FY133 $5,585,939 $5,958,325 

2014 dollars, FY14 Interest Rate – 3.5%4 

SUBTOTAL Construction Costs $5,083,281 $4,494,652 

  IDC1 $43,949 $32,352 

Construction Cost with IDC $5,127,230 $4,527,004 

Non Construction Costs  $539,257 $503,428 

Total Costs (less sunk) $5,666,486 $5,030,432 

  Life Cycle O&M & Monitoring Costs2 $10,401 $9,224 

TOTAL PV OF PROJECT COSTS – FY143 $5,676,887 $5,039,656 
            1 Calculation assumes end of month payments with the last payment made when the project goes on-line.   

 Mob & Demob is assumed paid as a lump sum in the first payment. FY14 interest rate of 3.5%. 6 months 
construction for Alt 1 and 5 months for Alt 2 

            2 Assumes annual O&M is 0.2% of construction cost 
            3 Less sunk feasibility study costs  
            4 FY14 costs updated using CWCCIS feature code 06 and FY14 interest rate of 3.5% 
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The preliminary project cost estimates were provided by Detroit District in 2013 dollars for 
each of the examined alternatives. Due to the timing of this report, costs were then updated to 
FY14 dollars using CWCCIS Feature Code 06 and the FY14 interest rate to adjust for 
changes made through the course of the study. Both FY13 and FY14 costs are presented in 
Table 4. The project costs include construction costs, non-construction costs (i.e. design), 
environmental monitoring costs and the estimated operations and maintenance costs.   
 
5.3 Cost Effectiveness Analysis 
 
Figure 5 depicts a cost effectiveness frontier of the outputs and costs for the evaluated 
alternatives. It is designed to compare costs and outcomes of two or more courses of action 
when monetary quantification of benefits is not practical.   

 

 
 

 
Average Cost 
Average cost is calculated by dividing total cost by total output, so the average cost for a particular 
level of output is the “cost per unit” for that level. For alternative 2, total cost of $5,039,656 divided 
by total output of 40.0 results in an average cost of $125,991 where alternative 1 has an 
average cost of $66,787. Average costs facilitate the comparison of production efficiencies across 
alternatives by placing each alternative plan in the common metric of dollars per unit of output. 
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Table 5 - Cost Effectiveness Analysis  

in 2014 Dollars 

Alternative

Present 
Value of All 

Project 
Costs  

Total 
Output 
(HU) 

Average 
Cost (HU) 

3 $0 0.0 - 

2 $5,039,656 40.0 $125,991 

1 $5,676,887 85.0 $66,787 
Preliminary alternative adjusted to FY14 dollars 

 using CWCCIS Feature Code 06. 
 

Thus, the average cost per habitat unit is lower for alternative 1, Riffles and Pools at $66,787 
than for alternative 2, Rock Lined Channel at $125,991.  
 
5.4 Incremental Cost Analysis (ICA) 
 
Incremental cost is the additional cost incurred by choosing one plan rather than another. 
It is computed by subtracting the cost of the last alternative under consideration from the cost 
of the alternative currently under consideration resulting in the difference in cost between 
one alternative and the next. In order to choose a benefit maximizing plan, it would be 
necessary to provide another alternative. However, given the urban nature of the project area, 
it is not possible to expand the project beyond the river and options within the riverbed are 
limited.  
 
Table 6 presents incremental costs, incremental habitat units (outputs) and the incremental 
costs per unit.  
 

Table 6 - Incremental Cost Analysis in 2013 Dollars 

Alternative Total Cost Incremental Cost 

Total 
Habitat 
Units 

Incremental 
Output 

Incremental 
Cost Per 

HU 

3 $0 N/A 0.0 - - 

2 $5,039,656 $5,039,656 40.0 40.0 $125,991 

1 $5,676,887 $637,231 85.0 45.0 $14,161 
Preliminary alternative costs adjusted to FY14 dollars using CWCCIS Feature Code 06. 

 
The table indicates that the incremental cost of deciding to implement Alternative 1 instead 
of Alternative 2 is $5,676,557-$5,039,656 or $637,231. This incremental cost information 
simply indicates that Alternative 1 is $637,231 more costly than Alternative 2. The table also 
indicates that Alternative 2 provides an additional 40.0 in habitat units over the no action 
plan and Alternative 1 provides 45.0 more than Alternative 2. Thus, for Alternative 1, for an 
additional $637,231, the alternative provides an additional 45.0 habitat units resulting in a 
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significantly lower incremental cost per habitat unit for Alternative 1 of about $14,000 
compared to that of Alternative 2 of nearly $126,000. Thus, we can produce the first 40.0 
habitat units at a cost of $126,000/HU. If it is decided that these 40.0 HU’s are worth 
$126,000 each, then the subsequent 45.0 HU’s are worth $14,000 each. An incremental cost 
graph is provided in Figure 6 showing the significantly lower per unit costs for the 
implementation of Alternative 1. 
 
Thus, we can produce the first 40 habitat units at a cost of $126,000/HU. If it is decided that 
these 40 HU’s are worth $126,000 each, then the subsequent 45 HU’s are worth $14,000 
each. An incremental cost graph is provided in Figure 6 showing the significantly lower per 
unit costs for the implementation of Alternative 1. 
 

 
 
6.0 DETERMINATION 
 
Alternative 1, primarily in providing connectivity of the system, provides significantly 
greater habitat creation for a minimal increase in cost.  Thus, Alternative 1 is the selected 
plan and was submitted for cost risk assessment. 

  

126 

14 
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7.0   REVISED COSTS 
 

The cost risk assessment determined the risk adjusted cost of the selected alternative as 
shown in Table 7. 
 

TABLE 7 – Risk Adjusted Cost, Alternative 1, Riffles and Pools  
RISK BASED - FULLY FUNDED PROJECT ESTIMATE 

2014 DOLLARS 
  TOTAL 
   
CONSTRUCTION $5,438,000 
   
LANDS AND DAMAGES $138,000 
   
FEASIBILITY STUDY $275,000 
    

PLANNING, ENGINEERING & DESIGN $325,000 
   
CONSTRUCTION MANAGEMENT $64,000 
   
TOTAL PROJECT COSTS $6,240,000 
   
TOTAL PROJECT COSTS less sunk feasibility study costs $5,965,000 
PV Monitoring and Adaptive Management $26,000
Operations & Maintenance $10,000

 
Using the fully funded project cost of $6,240,000 less sunk study costs of $275,000 for a 
total cost of $5,965,000 and a total habitat unit creation of 85.0 units, the result is a cost of 
$70,200 per unit.    
 
8.0 CONCLUSION/RECOMMENDATION 
 
Alternative 1, Riffles and Pools, provides the most cost effective and economically efficient 
alternative and is, therefore, the plan recommended for implementation. 
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APPENDIX E 
 

REAL ESTATE PLAN 
SECTION 206 – AQUATIC ECOSYSTEM RESTORATION PROJECT 

MENOMONEE RIVER 
MILWAUKEE, WISCONSIN  

 
AUTHORITY 
This study is being conducted under the authority of Section 206 of the Water Resources and Development Act 
(WRDA) of 1996, (P.L. 104-303) as amended; U.S. Code 33 USC 2330. As such, the project is subject to the 
requirements of NEPA, Section 404(b)(1) of the Clean water Act, Section 401 of the Clean Water Act, as well 
as U.S. Army Engineers Regulation 1102-5-100. 
 
1. PURPOSE AND DESCRIPTION 
The Menomonee River, which is a tributary to the Milwaukee River is in the Milwaukee Estuary Area of 
Concern (AOC).  The Menomonee River originates in Germantown in Washington County, Wisconsin, and 
flows 28 miles predominately southeast to just north of Blue Mound Road where it enters Milwaukee County 
and merges with the Milwaukee River.  The Menomonee River flows primarily southeast into the City of 
Milwaukee ending in Milwaukee Bay. 
 
The lower Menomonee River currently has a concrete lined channel in the reach between I-94 (approximately 
river mile 3.65) and upstream of the W. Wisconsin Avenue Bridge.  The channel is trapezoidal in shape and is 
lined with limestone floodwalls, which were constructed by the Works Progress Administration (WPA) in the 
1930s.  While the system currently serves its functions of conveying flood flows and reducing flow water 
surface elevations, the concrete is deteriorating as it approaches the end of its design life and high flow 
velocities and shallow flow depths impede fish migration between Lake Michigan and the upper portions of the 
watershed. 

 

 
Figure 1:  Project Location indicated by yellow pin 

 
Project Map 



 
Figure 2:  Project Area (extends from approximately 100’ S of Wisconsin Ave  

to 100’ S of Interstate Highway 94) 
DESCRIPTION OF THE WORK: 
The specific reach of the Menomonee River being considered in this study is located entirely within the City of 
Milwaukee and begins on the south side of State Highway 18 (W. Wisconsin Avenue) and extends 
approximately 2,400 linear feet downstream to a point just south of Interstate 94.  The basic components of the 
project consist of:  removing the concrete lining; reconstructing a rock-lined channel with aquatic habitat; and 
developing a vegetated inset floodplain. 
 
 
2.  LEERD REQUIRED FOR CONSTRUCTION, OPERATION AND MAINTENANCE 
The Local Sponsor, Milwaukee Metropolitan Sewerage District (MMSD), will provide all land, easements and 
rights-of-way necessary for the construction, operation and maintenance of the project.  The Project area is 
shown on Exhibit B and it is noted that the northern access point is just north of State Highway 18. 
 
The total land required for the project is approximately 13.35 acres consisting of 4.5 acres which includes the 
modified river and 3.85 acres of temporary easement for work & storage at the project location as well as access 
to public roads.   
 
An additional 5 acres of temporary work area is required for disposal of excavated materials.  A facility known 
as the Road & Construction Materials site at 6401 S. Racine Avenue, New Berlin, Wisconsin has sufficient 
capacity to handle all excavated material.  There are an estimated 30,000 cyds to be taken to the disposal site. 
 
In this project the non-Federal sponsor identified a land reclamation site, known as Road & Construction 
Materials site at 6401 S. Racine Avenue, New Berlin, Wisconsin.  This is the Government’s preferred site for 
disposal of State identified materials suitable for upland disposal for this project.  An analysis of other available 
sponsor owned lands (8 sites) along with the actions needed to make those lands suitable for this type of 



disposal produced concurrence with use of the land reclamation site as the most cost effective alternative. 

 
A channel improvement easement over the permanent project lands (4.5 acres) is required for this project.  The 
local Sponsor owns the 4.5 acres containing the permanent project lands.  Exhibit C depicts the temporary work 
area easement for disposal quantities. 
 
There is a work and storage area on WDOT property under the State Highway 45 bridge which will require 
notification by MMSD to WDOT. 
 
The CPR bridge crossing the River near the southern extent of the project is a limiting factor due to its low 
clearance to the water and results in the need for two work & storage areas designated for the project.  The 
southern work & storage area will accommodate work from the southern extent of the project northwards to the 
CPR bridge.  The northern work & storage area will accommodate activity from the bridge to the northern 
extent of the project. 
 
No fees for the notification/applications are expected for either CPR or WDOT. 
 
Maintenance access for the project areas will be via public roads. 
 
Following the acquisition activities, the estates covering the project are described as: 
 
Temporary Work Area Easement 
 
A temporary easement and right-of-way in, on, over and across (the land described in Schedule A) (Tracts Nos. 
_____, _____ and _____), for a period not to exceed ___________________, beginning with date possession of 
the land is granted to the United States, for use by the United States, its representatives, agents, and contractors 
as a (borrow area) (work area), including the right to (borrow and/or deposit fill, spoil and waste material 
thereon) (move, store and remove equipment and supplies, and erect and remove temporary structures on the 
land and to perform any other work necessary and incident to the construction of the ____________________ 
Project, together with the right to trim, cut, fell and remove therefrom all trees, underbrush, obstructions, and 
any other vegetation, structures, or obstacles within the limits of the right-of-way; reserving, however, to the 
landowners, their heirs and assigns, all such rights and privileges as may be used without interfering with or 
abridging the rights and easement hereby acquired; subject, however, to existing easements for public roads and 
highways, public utilities, railroads and pipelines. 
 
Channel Improvement Easement 
 
A perpetual and assignable right and easement to construct, operate, and maintain channel improvement works 
on, over and across (the land described in Schedule A) (Tracts Nos. _____, _____ and _____) for the purposes 
as authorized by the Act of Congress approved_______________, including the right to clear, cut, fell, remove 
and dispose of any and all timber, trees, underbrush, buildings, improvements and/or other obstructions 
therefrom; to excavate: dredge, cut away, and remove any or all of said land and to place thereon dredge or 
spoil material; and for such other purposes as may be required in connection with said work of improvement; 
reserving, however, to the owners, their heirs and assigns, all such rights and privileges as may be used without 
interfering with or abridging the rights and easement hereby acquired; subject, however, to existing easements 
far public roads and highways, public utilities, railroads and pipelines. 
 
 
3.  LERRDs OWNERSHIP 
The land comprising the project area is owned by the Milwaukee County Park Department and the Milwaukee 



Metropolitan Sewerage District (MMSD).  MMSD has demonstrated the ability to acquire lands and 
easements on other projects. 
 
MMSD has the full power, authority and capability to operate and maintain the finished Project and also has the 
legal capability to provide its share of total project costs and comply with the other required assurances.  
Finally, the MMSD has the capability to complete its portion of the Project within the designated time frames. 
 
MMSD is capable of providing all required LERRD’s necessary for the construction, operation and 
maintenance of the Project.  MMSD is a legally constituted public body with the full power, authority, and 
capability to perform of the terms of the PMP.  See Exhibit A, “Assessment of Non-Federal Sponsor's Real 
Estate Acquisition Capability”. 
 
 
4.  LERRDs ACQUIRED FOR, OR WITH THE USE OF FUNDS FROM, ANOTHER FEDERAL 
PROGRAMS OR PROJECT 
No federal funds have been allocated for previous projects at this project site. 
 
 
5.  NON-STANDARD ESTATES 
The project does not include the requirement to acquire non-standard estates. 
 
 
6.  EXISTING FEDERAL PROJECTS 
No federal funds have been allocated for previous projects at this project site. 
 
 
7.  FEDERAL LAND 
There is no federally owned land included within the LERRDs required for the project. 
 
 
8.  NAVIGATION SERVITUDE 
Navigational servitude does not apply to the construction of this project. 
 
 
9.  PROJECT MAP   
Drawings depicting the project areas are attached (Exhibit B). 
 
 
10.  INDUCED FLOODING 
The project causes minimal induced flooding at the 100 year event, but no induced flooding at the 50 year event 
and below.  Thus, the frequency of the induced flooding does not reach the level requiring consideration of 
acquisition of a real estate interest, such as an occasional flowage easement. 
 
 
11.  BASELINE COST ESTIMATE 
The estimated LEERDs for this project (including any contingencies) is   $104,000  
Based on:  
4.5 acres for channel improvement easement areas:                          = $  2,250 
8.85 acres for temporary work/storage areas.         = $100,000 
Total = calculated value, rounded plus contingency:   $104,000 



REAL ESTATE COST ESTIMATE 
 
Federal Administrative costs: $  12,000 
 
Non-Federal Sponsor costs:  

LERRDs value           $  104,000 
Administrative $    8,000 
Total Non-Federal Sponsor  $  122,000 

 
Grand Total (Federal and Non-Federal) $  134,000 
  
This estimate is only for determining an estimated total project cost for planning purposes.  It cannot be used in 
determining the amount of land, easements, and rights-or-way plus incidental costs for inclusion in the final 
total project costs.  The LERRD’s value was based on a study of the City’s property site and prior experience. 
These parklands are subject to inundation and are considered akin to bottomlands which are generally accorded 
a value of $500/acre.  Temporary use is estimated at fee value x 10 percent.   
 
 
12.  RELOCATION ASSISTANCE  
The project, as designed, will not require relocation of any residences or business. 
 
 
13.  MINERALS 
No extractable minerals are known to exist within the Project lands.  There is no standing timber or vegetation 
on the Project lands. 
 
 
14.  CAPABILITY ASSESSMENT 
The sponsor has the full power, authority and capability to operate and maintain the finished project, and has the 
legal capability to provide its share of total project costs and comply with the other required assurances.    In 
addition, the sponsor has the capability to complete its portion of the project within the designated time frames.  
This project is one of a few projects that have been and will be performed on this river with this sponsor.  We 
have had no issues previously with the local sponsors capabilities to perform their responsibilities.  It is capable 
of providing all required LERRD’s necessary for the construction, operation and maintenance of the project as 
the sponsor is a legally constituted public body with the full power, authority, and capability to perform of the 
terms of the PPA.   Requirements of PL 91-646, acquisition policies and procedures, LERRD crediting 
procedures, and the requirements for land acquisition have been discussed with the sponsor as there will be 
acquisitions occurring for the proposed project.   See Exhibit A 
 
 
15.  ZONING 
The enactment of zoning ordinances will not be required for this project. 
 
 
  



16.  SCHEDULE 
The Non-Federal Sponsor (NFS) has been given detailed information regarding the requirements for LERRDs 
necessary for completion of the Project and fully anticipates meeting the current District schedule.  The USACE 
Detroit Real Estate Division will monitor and assist the NFS with all acquisition activities which will assure that 
the acquisition process complies with Federal and State laws.  The schedule for land acquisition will be 
coordinated with the project PM and the non-federal sponsor, after the project has been authorized, and the PPA 
signed, the non-federal sponsor will be notified to acquire the LEERDs required for the project. At the 
conclusion of acquisition, the Non-Federal sponsor will certify in writing to the Government that all LERRDs 
have been acquired.  Potential dates for Real Estate Certification is expected to be reasonable and conformable 
with project milestones and requirements.  Since all of the land is held by the County, it is not expected that 
there will be any difficulties for the local sponsor to acquire the necessary rights in a timely fashion.  The two 
permits (CPR and WDOT) discussed in Section 2 are expected to be easily granted.  
 
The non-federal sponsor has indicated that they are able to meet the Project’s scheduled timeframes. 
 

Tasks and Tentative Dates 
Final Plans and Specs Complete June, 2014 
NFS Real Estate Acquisition Following signing of PPA – June, 2014 
NFS Provides Authorization for Entry to COE July, 2014 
COE Certifies Real Estate Availability July, 2014 
Construction Contract Ready to Advertise August, 2014 
 
 
17.  FACILITY OR UTILITY RELOCATIONS 
The project as designed does not identify any utilities/facilities that will need to be relocated. 
 
 
18.  ENVIRONMENTAL 
The Environmental review of the proposed work indicates it would not result in significant adverse short term, 
cumulative or long term environmental effects.  The only potential consideration is outlined as follows:   
 
While it is anticipated that implementing the proposed CAP Section 206 project is not expected to result in the 
identification and the release of HTRW regulated material during construction, soil collection and analysis will 
be conducted as the concrete panels are removed.  The collected soil will be analyzed for the presence of 
HTRW regulated waste materials.  If the soil analysis reveals that the soils under the concrete panels contain 
HTRW contaminants at regulated levels, the affected sediment and/or generated debris will be disposed of 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 waste 
materials encountered during construction activities.  The HTRW regulated materials will be taken to a Type II 
landfill.  One such Type II landfill site is the Waste Management Facility at 2101 W. Morgan Avenue, 
Milwaukee, Wisconsin.     
 
The contractor would obtain any permits required for the re-use or sale of materials.  Beneficial re-use of 
materials is encouraged, but not required, to reduce inputs to landfills. 
 
19.  PROJECT SUPPORT 
The Non-Federal Sponsor is a willing sponsor and fully supportive of this project and there is no opposition on 
record or anticipated to the project.  
 
 



20.  RISK NOTIFICATION FOR ADVANCE NOTIFICATION 
The non-Federal sponsor will be notified in writing about the risks associated with acquiring land before the 
execution of the PPA.  Requirements of PL 91-646, acquisition policies and procedures, LERRDs crediting 
procedures, and the requirements for land acquisition have been discussed with the sponsor.    
 
 
21.  OTHER RELEVANT REAL ESTATE ISSUES 

a. There are no special aquatic sites, impacted by the acquisition though there will be wetlands created as a 
result of this project.  

b. There are no known cemeteries or public facilities within the Project area requiring relocation. 
c. Plans and specifications do not identify any relocation of public utilities or roadways. 
d.   If additional land and/or land rights that are required for construction of this project which the NFS does 

not have authority to acquire or otherwise provide the USACE will enter into an additional agreement to 
facilitate the acquisition of the required land and/or land rights. None are expected that the NFS cannot 
acquire. 

 
Real Estate Division will further assess real estate requirements for the recommended plan, as well as, provide 
detailed information regarding LERRDs identified as necessary for the Project.  In addition, the Real Estate 
Division will coordinate, monitor, and assist with all acquisition activities undertaken by the Non-Federal 
Sponsor.  This will assure that the acquisition process complies with Federal and State laws specifically the 
requirements under the Federal Uniform Relocation and Acquisition Act (P.L. 91-646).  The Real Estate 
Division will also attend District team meetings, review and provide input into draft and final reports prepared 
by the team, and participate in the internal technical review. 



EXHIBIT "A" 
 

DETROIT DISTRICT REAL ESTATE 
ASSESSMENT OF NON-FEDERAL SPONSOR 
REAL ESTATE ACQUISITION CAPABILITY 

 _____________________________________________________________________ 
PROJECT:   Menomonee River, Milwaukee, Wisconsin Section 206 Aquatic Ecosystem Restoration Project, Milwaukee 

County, Wisconsin. 
 Tom Chapman, Milwaukee Metropolitan Sewerage District. 
 
I. LEGAL AUTHORITY 
 

a. Does the sponsor have legal authority to acquire and hold title to real property for project purposes? 
 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

b. Does the sponsor have the power of eminent domain for this project? 
 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

c. Does the sponsor have "quicktake” authority for this project? 
 
 (X )  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

d. Are any of the lands/interests in land required for the project located outside the sponsor's political boundary?  
 
 (   )  Yes. 
 (X)  No. 
  
 Initials GRS   Date: 26 November, 2012 

 
e. Are any of the lands/interests in land required for the project owned by an entity whose property the sponsor 

cannot condemn?    
 
 (   )  Yes. 
 (X)  No. 
  
 Initials GRS   Date: 26 November, 2012 
  



II.   HUMAN RESOURCE REQUIREMENTS          
 

a. Will the sponsor's in-house staff require training to become familiar with the real estate requirements of 
Federal projects including P.L. 91-646, as amended? 

 
 (   )  Yes. 
 (X)  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

b. If the answer to II.a. is "yes", has a reasonable plan been developed to provide such training? 
 
 (   )  Yes. 
 (X)  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

c. Does the sponsor's in-house staff have sufficient real estate acquisition experience to meet its responsibilities 
for the project?  This is a small Village with no experience in matters such as the proposed acquisitions.  
Their retained legal counsel may or may not have the necessary experience and skill to accomplish the 
necessary work. 

 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

d. Is the sponsor's projected in-house staffing level sufficient considering its other workload, if any, and the 
project schedule? 

 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

e. Can the sponsor obtain contractor support, if required in a timely fashion? 
 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 20 January, 2012 
  

f. Will the sponsor likely request USACE assistance in acquiring real estate?   
 
 (   )  Yes. 
 (X)  No. 
  
 Initials GRS   Date: 26 November, 2012 



III. OTHER PROJECT VARIABLES  
 

a. Will the sponsor's staff be located within reasonable proximity to the project site? 
 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

b. Has the sponsor approved the project/real estate schedule/milestones? 
 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

c. Has the sponsor performed satisfactorily on other USACE projects? 
 
 (X)  Yes. 
 (   )  No. 
 
 Initials GRS   Date: 26 November, 2012 
 

d. With regard to this project, the sponsor is anticipated to be: highly capable /moderately capable/marginally 
capable/insufficiently capable  

   
 Initials GRS   Date: 26 November, 2012 
 

e. The sponsor has performed successfully on other Corps of Engineers projects and has a full Real Estate Staff 
performing Real Estate functions.  

 
 (X)  Yes. 
 (   )  No. 
  
 Initials GRS   Date: 26 November, 2012 
 

Prepared by: 
 
                    /s/ 
__________________ 
Glenn Spence 
Realty Specialist     
 
Reviewed and approved by: 
 
                     /s/ 
 _____________________   
Victor Kotwicki      
Chief, Real Estate Contracting Officer,  
Detroit, Buffalo and Chicago Districts 
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Exhibit C 
 
 

 
 
Road & Construction Materials Site. 
6401 S. Racine Avenue 
New Berlin, WI 53146 
 
This is an active quarry as well as a land reclamation site.  State 
authorized clean materials are used to fill the non-productive areas of 
the quarry.  
 
This site will receive the ‘clean’ fill considered suitable for placement 
at this site. 
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Appendix F – Monitoring Plan F-1 

INTRODUCTION AND RATIONALE FOR MONITORING 

Section 2039 of WRDA 2007 directs the Secretary of the Army to ensure, that when conducting a 
feasibility study for a project under the U.S. Army Corps of Engineers ecosystem restoration 
mission, that the recommended project include a monitoring plan to measure the success of the 
ecosystem restoration and to dictate the direction to which adaptive management, if needed, 
should proceed. This monitoring plan includes a description of the monitoring activities to be 
carried out, the criteria for ecosystem restoration success, the estimated cost and duration of the 
monitoring, and a discussion of adaptive management. 

A monitoring plan is an important tool to help establish post-construction success of an 
ecosystem restoration project. Monitoring provides data to compare pre- and post-project 
conditions, allowing one to gauge the success of the project, and/or recognize when or if 
implementation of adaptive management is necessary to achieve the project objectives. This 
monitoring plan was developed with input from the Wisconsin Department of Natural 
Resources and MMSD as both have been very active and supportive of restoration of the urban 
fishery in the Milwaukee estuary.  The monitoring plan is designed to verify that river 
connectivity is restored to the existing upstream Menomonee River habitat.  The monitoring 
plan for the Menomonee River project will be cost shared between the U.S. Army Corps of 
Engineers, Detroit District (COE) and the Milwaukee Metropolitan Sewerage District (MMSD) 
for up to 10 years as expressed in the Project Partnership Agreement (PPA) or until the District 
Commander deems success of the project. A decision point for success of project objective will 
be made during monitoring year 3 and, if necessary, years 6, 8, and 10. The duration of 
monitoring may be lengthened if adaptive management becomes necessary to achieve the 
project objectives. MMSD can continue to monitor beyond the agreed upon period at their own 
cost.  

The purpose of monitoring is to provide actionable information to assess whether the proposed 
action achieved project objectives. The objectives for this project are:  

 Restore connectivity in the Menomonee River 
 Provide summer habitat within the constructed riffles/pools. 

Achieving these objectives will require removal of the concrete lining and placement of rock for 
the construction of riffles and pools. This will allow for fish passage (connectivity) and 
reconnect the upper river habitats with the Milwaukee estuary.  

Adaptive management is an iterative process (Figure 1) that integrates results and analysis of 
long term monitoring with adjustments to project operation to inform environmental protection 
and operational efficiency decisions. This adaptive management plan (AMP) describes how the 
restoration of the Menomonee River will be adjusted if long term monitoring finds that 
connectivity for fish passage upstream has not been achieved.  It describes the process for 
evaluating the results of the monitoring program, membership and responsibilities of the 
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interagency team, “triggers” or action points that would necessitate a restoration corrective 
action of the project and potential changes that would be implemented to mitigate adverse 
impacts. 

 
MONITORING OBJECTIVES 

Key project specific parameters to be 
measured were identified based on their 
relevance to determining whether project 
objectives were met. 

Project Specific Parameters for Monitoring 

 Monitoring of channel and habitat 
structure stability and fish in 
summer 

 Fish sampling upstream on spawning habitat for species identification in the spring for 
walleye and northern pike 

Channel and habitat structures should be inspected regularly.  After construction is complete 
habitat and grade control structures should be inspected for a minimum of three years. The 
purpose of the inspections will be to identify whether the habitat structures are remaining in 
place and whether grade control structures and engineered riffles are providing substrate 
required for spawning. The location of structures should be recorded to sub meter accuracy. 
Movement or burial of structures should be less than 1 meter. Channel and habitat inspections 
can occur during monthly maintenance visits or after greater than the 10 year events. 

Fish should be collected using a backpack electroshocker or a tote barge with associated 
electroshockers during low flow conditions in three locations being upstream and downstream 
of and in the restored stream channel. Fish shocking must always be done in an upstream 
direction with sampling efforts ensuring that all fish species present are collected in proportion 
to their occurrence. As a goal, at least 100 individual fish should be examined from each stream 
reach, which generally requires approximately 30 minutes of electrofishing per station, 
encompassing 100-300 feet with sufficient sampling to include gravel and pool habitats during 
the spring spawning season. For the Menominee River, the length of the sampling station 
should be approximately 300 feet for segments 40 feet wide or about 5-10 channel widths for 
larger stream segments. If the number of fish collected is no greater than 100 individuals after 
45 minutes, discontinue further sampling and calculate metrics based on reduced sample size. 
All collected fish should be placed immediately in water filled tubs for processing. When 
sampling has been completed at each station, the following information should be recorded:  

Figure 1. Six steps of adaptive management (from USACE) 
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1. The location of the sampling stations so that future studies can be repeated at the same 
station. 

2. Record fish by genus and species and common names, lengths, and numbers of each 
species collected (with a length greater than 4 inches) and determine the total number of 
fish collected. 

       For fish less than 4 inches, if less than 25 fish, identify to species, if more than 25 fish, 
subsample to identify to genus level.   

3. The following externally observable anomalies should be noted as total number of 
individuals afflicted: bent spine (scoliosis), open lesions, severely eroded fins, fungus 
patches, growths on skin or fins, tumors, and poor physical condition indicated by 
severe emaciation, excessive mucus coating, and hemorrhaging. 

4. Record the amount of time spent electrofishing at each station including the number of 
passes through the sampling station and the number of shocking probes used. 

5. Record average stream width (wetted stream channel width at time of sampling) and 
distance of reach electrofished.  Catch per unit effort (CPE) will be calculated as the total 
number of fish collected divided by the number of minutes spent shocking at each 
station (catch per minute), and as the number of fish per stream area (catch per square 
meter). 

Success can be determined if the fish populations within the downstream sampling locations 
have similar species and abundances as the sampled upstream reach.  Success is also defined as 
walleye and northern pike being present upstream of the project in the spring spawning season 
in any of the sampling events. Sampling should be conducted at least twice during the spring 
spawning season and once in the summer.    

If it is decided after year 6 that the riffle/pool portion of the Menomonee River has not 
developed into suitable habitat, monitoring will continue with the collecting of temperature and 
dissolved oxygen data in years 7 and 8, and additional fish sampling in year 8.  A similar 
monitoring schedule will be adhered to in years 9 and 10, if the project goals have not been met 
after year 8. 

DISPOSITION AND ANALYSIS OF INFORMATION 

The information gathered as part of the monitoring program should be collected in coordination 
with the WDNR to insure consistency and comparability with previously collected data. Results 
of the temperature, dissolved oxygen and fish sampling should be recorded and reported 
annually to the USACE and project stakeholders. The data should be presented in well 
organized and easy to follow excel spreadsheets that are accompanied by a narrative explaining 
the results and discussing whether they indicate the project is achieving its objectives. After one 
year of fisheries monitoring, results should be reviewed and compared to baseline data to 
determine if evidence exists to determine project success. Upstream fish passage of smallmouth 
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bass, walleye and northern pike for 2 separate seasons is considered the minimum time 
required to determine success for this type of project. The excel spreadsheet and narrative 
should be updated annually to assess project success. 

COST OF MONITORING 

Total cost per year for the first year of monitoring would be approximately $6,000 for year three 
and year six, and $10,000 for year eight, if required. Refer to “Monitoring Objectives” above for 
details pertaining to schedule and number of survey events. Anticipated equipment needed for 
the survey may include: shocking equipment including a backpack electroshocker or tote barge 
with electroshockers, safety gear, temperature data logger, GPS unit, measuring devices, 
camera, fish holding pens, work surface and hand held water quality meter. It is expected that a 
fish survey (including upstream and both downstream sites) could occur within two field days.   

It is fully anticipated that the project objectives will be met after year three monitoring. 
However, the following table details monitoring cost for the potential ten years of monitoring. 

Table 1: Monitoring Costs 

Year Parameters to Monitor Costs 
1   
2   
3 Fish $6,000 
4   
5   
6 Fish $6,000 
7   
8 Water Temperature, DO, Fish $10,000 
9  $3,000 

10 Water Temperature, DO, Fish $8,000 
Total $33,000 

 

PARTY RESPONSIBLE FOR MONITORING 

The nonfederal sponsor is responsible for performing or having the monitoring performed via a 
contractor. 

ADAPTIVE MANAGEMENT PLAN 

Adaptive management is the process of using post action monitoring data to determine whether 
additional actions are required to meet project objectives. Adaptive management needs to be 
driven by the information gathered during post action monitoring. It is expected that by the 
third year sufficient information will be available to determine whether the project was a 
success. 
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Adaptive management measures are not expected to be needed as the proposed ecosystem 
restoration project is well understood and readily predictable. There is a high level of agreement 
among the resource agencies and other involved parties that the proposed restoration will 
effectively provide the desired goals within the constraints of the existing ecosystem restoration 
project. The desired outcome of this restoration is well understood by the parties involved and 
is easy to predict and measure. The nature of this project and the project design combine to 
provide a high level of confidence that the project goals will be achieved. 

The probability of failure to meet the project goals is very low. The major items of concern 
for project function are:  

1. Habitat and grade control structures move due to the forces of the river and are buried 
and or displaced, thus preventing upstream fish passage and maintenance of pools. 

These are not adaptive management items but are part of construction, operation and 
maintenance of the project. Item 1 will be addressed in the project Operations and Maintenance 
manual, which will require annual project inspections, including observations of habitat and 
grade control structures among other project aspects.  

Detailed adaptive management actions need to be devised based on the monitoring data; 
however, suggestions for mitigating lack of fish diversity are as follows: 

 Observe and record the location and condition of engineered structures and inspect the 
stream bottom for obstructions uncovered during the natural scour and deposition 
events that occur. If any obstructions are uncovered these should be removed. Structures 
placed for habitat or grade control should be observed. If they are non-functioning and 
fish species are not rebounding they should be replaced.  

Adaptive management actions need to be tailored to the specific issues encountered and may 
vary depending on the magnitude of the discrepancy between post construction conditions and 
desired conditions. Therefore, the specifics of the adaptive management actions should involve 
a multi-disciplinary group that includes, at a minimum, the WDNR, nonfederal sponsor and 
USACE. 
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Menomonee River Habitat Suitability Indices for Selected Species Reproduction 

Attachment 1 

The primary objective of this project is the upstream passage of fish through river connectivity  
created through the removal of the 2,400 lineal feet (LF) of concrete in the lower Menomonee 
River upstream of the confluence with the Milwaukee River (in conjunction with the 1,300 LF 
MMSD project that is underway and scheduled for completion in 2014).  These two projects 
together provide river connectivity to over 18 river miles of upstream river habitat suitable for 
use by spawning fish.  The specific reproduction requirement that is the controlling component 
from the US Fish and Wildlife Service Habitat Suitability Indices (HSI's) are depicted for selected 
species (smallmouth bass, walleye and northern pike).  Other fish species would also benefit 
from the proposed project and would access upstream gravel for spawning.  However, no 
habitat suitability indices were computed for forage species.  

Suitable emergent wetland spawning habitat was identified in the Wisconsin DNR northern pike 
management plan as a critical component in the reestablishment of northern pike within the 
lower Milwaukee River and estuary.  Access to suitable gravel for spawning by smallmouth bass 
and walleye, as well as other forage species such as suckers and shiners were also identified 
as necessary to restore the fishery within the Milwaukee estuary and near shore waters of Lake 
Michigan.  These restoration activities are consistent and support the goals of the Milwaukee 
Estuary Remedial Action Plan (RAP).  

The reproduction habitat suitability indices (HSI’s) from the US Fish and Wildlife Service were 
evaluated for selected fish species for reproduction within the gravel for lithophilic and the 
emergent wetlands for phytophilic spawners.   Reproduction was evaluated for three game fish 
(smallmouth bass, walleye, and northern pike) in the upstream habitats and smallmouth bass 
and walleye in the reconstructed channel segment.  Fish access to suitable habitats for 
spawning is the primary project objective. As access to suitable spawning habitat was identified 
as a limiting factor for rebuilding fish stocks within the Milwaukee estuary by the WDNR, only 
HSI components related to reproduction of selected game fish species were reported in this 
analysis. The computed HSI values for smallmouth bass, walleye, and northern pike are found 
in Table 1 at the end of this attachment. The upstream habitat values do not vary but fish 
access, through connectivity determined the overall habitat units values.  The no action 
alternative does not provide for connectivity and resulted in no HU’s either upstream or in the 
concrete channel.  

The water quality in the Menomonee River is rated as acceptable during the spring spawning 
season. Water quality criteria, such as temperature, pH, suspended solids and total dissolved 
solids (TDS) meet the HSI's criteria rated for the selected fish species at 0.9-1 and are not 
individually listed or depicted in the attached USFWS habitat suitability tables except for 
smallmouth bass which were lower than 0.9-1.0.  The smallmouth bass habitat suitability index 
V8 (DO) had two stations with readings as low as 3 ppm (0.2) in the summer but fish will move 
from poorer water quality to better as condition worsen and the upstream and downstream 
segments had DO > 5 ppm.  DO is not a listed component for reproduction and the DO levels 
during May/June are greater than 6ppm (0.8) and turbidity, V9 at 0.6 in the HSI's.  
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The habitat suitability index for northern pike is listed at 0.7 based on water level fluctuations 
and the requirement for inundation of the emergent vegetation.  This rating for pike spawning in 
the 125 acres of the emergent wetlands could be higher in most years as the emergent wetland 
spawning habitat is within the ditches and immediately adjacent the waterways which should be 
suitable for spawning every year.  In some years, additional shrub/scrub habitat will be available 
and usable by northern pike for spawning (estimated at 1 out of 5 years).  This conservative 
reproduction spawning habitat estimate for northern pike realistically addresses access to the 
emergent wetland sites with suitable water depths for the required 30 days inundation 
comprised as 7 days for access to  spawn and 21-23 days for eggs to hatch based on typical 
spring water temperature in the Milwaukee area.  

The habitat suitability indices for the controlling components for reproduction are listed for the 
three (3) selected fish species being smallmouth bass, walleye for the upstream gravel and 
northern pike for the upstream wetlands and for smallmouth bass and walleye in the 
reconstructed channel with the riffle pool or rock lined alternatives.  The primary objective of this 
project is upstream river connectivity with access to the existing upstream spawning habitat 
consisting of 30 acres of gravel riffles for spawning by smallmouth bass, walleye and 125 acres 
of emergent wetlands for use by northern pike.  Smallmouth bass and walleye would also use 
the 3 acres of created riffle/pool complex for spawning and the deep pools would be used by 
adult smallmouth bass. Under no action, the upstream habitat has no value as no connectivity 
and the concrete channel has no reproduction value.  

SMALLMOUTH BASS* (Reproduction consists of components V1, V5, V8, V11, V14 with water 

quality V8 (DO) and V9 turbidity controlling in certain river segments, the other components being rated 
as 1's.The two tables below depicts the habitat value for 2,400 LF of riffle pool in the concrete removal 
project area and the 30 acres of gravel with the upstream river connectivity.  

Acres Habitat: Rock Riffle and Pool - ([V11]
2 x V14 x V1 x V5 x V8) 

1/6   
2,400 LF Concrete Channel   

Reproduction 
Component 

Estimated Existing Conditions** 
(to match HSI formula****) 

 With Project Proposed Conditions 

Acres Percent Substrate  Acres Percent Substrate 

0 0.0% boulders/bedrock  3 100.0% boulders/bedrock 

0 0.0% 
gravel/rubble 2.5 to 

15 cm in 
diameter*** 

 0 0.0% 
gravel/rubble 2.5 to  
15 cm in diameter*** 

0 0.0% sand***  0 0.0% sand*** 

0 0.0% 
dense 

vegetation**** 
 0 0.0% dense vegetation**** 

0 0.0% silt/detritus  0 0.0% silt/detritus 
3 100.0% concrete  0 0.0% concrete 
3 100.0% TOTAL 3 100.0% TOTAL 

Notes: 
*Smallmouth bass spawn mainly on gravel. Juveniles and adults use rock and the interstitial 
spaces for feeding.   
**The interstitial spaces with the rock/boulders and submergent vegetation are used for cover.  
***This proposed “With Project” rock riffle and pool complex is Alternative 1. 
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Acres Habitat: River Gravel - ([V11]

2 x V14 x V1 x V5 x V8) 
1/6   Reproduction 

Component 
Estimated Existing Conditions** 

(to match HSI formula****) 
 With Project Proposed Conditions 

Acres Percent Substrate  Acres Percent Substrate 

0 0.0% boulders/bedrock  0 100.0% boulders/bedrock 

30 0.0% 
gravel/rubble 2.5 to 

15 cm in 
diameter*** 

 30 0.0% 
gravel/rubble 2.5 to  
15 cm in diameter*** 

70 0.0% sand***  70 0.0% sand*** 

0 0.0% 
dense 

vegetation**** 
 0 0.0% dense vegetation**** 

0 0.0% silt/detritus  0 0.0% silt/detritus 
0 100.0% concrete  0 0.0% concrete 

100 100.0% TOTAL 100 100.0% TOTAL 

 
Notes:  The upstream habitat remains the same in both existing conditions and with project 
conditions.  The with-project condition provides connectivity for fish (smallmouth bass) to access 
the valuable habitat to use for spawning.   

Smallmouth Bass habitat for spawning 

The surface area of the rock in the reconstructed riffle and pool area was computed by the 
2,400 lineal foot length, wetted rock perimeter at a 50 foot width (3 acres).  The HSI for boulders 
and rock with interstitial spaces, thus the 0.6 rating, component V1   "C" is estimated at 0.6 as 
the rock riffle pool complex does not contain gravel/sand but will contain some gravel as bed 
load moves downstream into the system. The riffle/pool complex will have some gravel from bed 
load in the 1.6-2.0 cm size range.  The upstream 30 acres of gravel beds are rated as 1.0. 
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The rock riffle and pool segment has boulders and crevices (20% ) suitable for fry and adults.  
The HSI V5 component is rated as 0.6. V11 and V14 are 1.0   Dissolved oxygen (DO), V8 is a 
limiting factor at 3 ppm at some times in the late summer (but not during the spawning period of 
May/June) resulting in a coefficient of 0.2. V9 maximum monthly turbidity levels provides a 
suitability index of 0.6.  The seventh root of 0.04 is 0.6 which is obtained from the reproduction 
formula  ([V11]

2 x V14 x V1 x V5 x V8 x V9) 
1/7 =  (V1 0.6, V5 0.6, V8 during spawning is 5ppm at 0.6 

but has been reported at 3ppm in later summer which is 0.2 and used in this computation, V9 is 
0.6, V11 is 1 and  V14 is 1) =0.6 which is the HSI reproduction component for smallmouth bass 
with Alternative 1 in the riffle pool complex. The reproduction component for the upstream 
gravel is rated at 1. These values are entered into Table 1 under Quality in the smallmouth bass 
row for 30 acres of habitat and 3 acres of habitat.  The computed value for Alternative 2 in the 
channel is 0.5 with (V1 0.2, V5 0.6, V8 is 0.2, V9 is 0.6, V11 is 1 and  V14 is 1 with the seventh root 
of 0.0.0144 at 0.54=0.5). The upstream habitat variable values are 1, 1, 0.6, 0.6, 1, 1 and the 
seventh root of 0.36 is 0.86= 0.9 

WALLEYE: Walleye reproduction is listed for both the upstream 30 acres gravel segments 
accessed by connectivity and the reconstructed 3 acres of gravel riffle/glide/pool as depicted in 
each of the tables listed below*.  

Estimated Existing Conditions** 
(to match HSI formula****) 

 
Estimated Future Conditions** 

 (to match HSI formula***) 

Acres Percent Substrate  Acres Percent Substrate 

0 0.0% boulders/bedrock  0 100.0% boulders/bedrock 

30 0.0% 
gravel/rubble 2.5 to 15 

cm in diameter*** 
 30 30.0% 

gravel/rubble 2.5 to  
15 cm in diameter*** 

70 0.0% sand***  70 70.0% sand*** 
0 0.0% dense vegetation****  0 0.0% dense vegetation**** 
0 0.0% silt/detritus  0 0.0% silt/detritus 
0 0.0% deep open water  0 0.0% deep open water 

100 100.0% TOTAL  100 100.0% TOTAL 

NOTES:*  
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*Walleye will spawn mainly on gravel in the main branch of the Menomonee River upstream of 
the project site.  Walleye will also spawn in the reconstructed 2,400 LF of riffle pool and in some 
of the tributaries; however, tributaries are not included in this calculation since the contribution 
amount of habitat is not significant as compared to the main river branch. 

** The estimated Existing and Future habitat conditions of the Menomonee River do not change 
for this project.  This project objective provides connectivity for fish to access the upstream 
spawning habitat. For computational purposes, the upstream river contains  30 acres of gravel.  

*** A gravel substrate is typical in this stretch of the Menomonee River (estimated 
conservatively at 30% (based on river gradient) which equals 30 acres though WDNR in stream 
evaluations list the gravel riffle/glide acreage at 48 acres).   With an estimated percentage of 
gravel at 30%, the remainder of the river was classified as sandy substrate being 70 acres 
within the 100 acres of river.  The 70% sand value was the input for the HSI model formula. 
 
**** Dense vegetation would be quite low during the spring spawning season, but would 
increase by the end of the summer.   
 
Walleye reproduction is the lowest value of V7, V10, V11, V12 or V13 being DO, mean water 
temperature, degree days, spawning habitat index and water level during spawning. All 
components are rated at 1 for both the upstream river and the reconstructed rock riffle pool or 
armored channel segment. Therefore, the specific Figures from the Habitat Suitability Index are 
not displayed except for V12.   
 
Approximate reconstruction area of 3 acres riffle/pool* 

Estimated Existing Conditions** 
(to match HSI formula****) 

2,400 LF Riffle/pool 
 

Estimated Future Conditions** 
 (to match HSI formula***) 

Acres Percent Substrate  Acres Percent Substrate 

0 0.0% boulders/bedrock  3 100.0% boulders/bedrock 

0 0.0% 
gravel/rubble 2.5 to 15 

cm in diameter*** 
 0 0.0% 

gravel/rubble 2.5 to  
15 cm in diameter*** 

0 0.0% sand***  0 0.0% sand*** 
0 0.0% dense vegetation****  0 0.0% dense vegetation**** 
0 0.0% silt/detritus  0 0.0% silt/detritus 
3 100.0% concrete  0 0.0% concrete 
3 100.0% TOTAL  3 100.0% TOTAL 

NOTES: 

* This section calculates the suitability index for walleye spawning habitat in the project site where the 
project alternatives would create riffles and pools (preferred walleye spawning habitat). 

** Estimated Existing Conditions and conditions with project.    Estimated Conditions for riffle/pool 
complex is 100 % rock and boulder resulting in a habitat suitability of 1.  

Spawning Habitat Index:  Is calculated by multiplying the proportion of the water body 
composed of riffle or littoral areas by the substrate index as defined below: 
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Image from FWS Habitat Suitability for Walleye (FWS/OBS-82/10.56, April 1984) 

V12 Substrate Index = 2 (% gravel/rubble 2.5 to 15 cm in diameter) + (% boulders/bedrock) + 0.5 (% 
sand) + 0.5 (% dense vegetation) + 0 (% silt/detritus) Substrate = 2(30%) + 0.5 (70%)= 0.95  Spawning 
Habitat Index in the upstream river segment = proportion of water body composed by riffle or littoral 
areas by the substrate index.  Spawning Habitat Index correlates to a Suitability Index of 1 in the 
reconstructed 3 acres of rock riffle pool and the upstream 30 acres of river gravel.  

 
NORTHERN PIKE (Reproduction components consist of component V1 and V2) 

The overall rating is the lowest of the (7) components, V1-V7) 

Estimated Existing Conditions** 
(to match HSI formula****) 

 
Estimated Future Conditions** 

 (to match HSI formula***) 

Acres Percent Substrate  Acres Percent Substrate 

0 0.0% boulders/bedrock  0 0.0% boulders/bedrock 

0 0.0% 
gravel/rubble 2.5 to 15 

cm in diameter*** 
 0 0.0% 

gravel/rubble 2.5 to  
15 cm in diameter*** 

0 0.0% sand***  0 0.0% sand*** 

125 100.0% dense vegetation****  125 100.0% 
vegetation**** 125 

acres emergent 
0 0.0% silt/detritus  0 0.0% silt/detritus 
0 100.0% deep open water  0 0.0% deep open water 

100 100.0% TOTAL  100 100.0% TOTAL 

* Connectivity provides access to the upstream habitats. Habitat remains the same. 
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Northern Pike Habitat 

The upstream river habitat remains the same under with and without project conditions but the 
“with project” condition (Alternative 1) provides connectivity for northern pike to access the 
critical habitat for spawning. The critical spawning component is suitable grass or vegetation 
remnants located within shallow water that has stable or rising water levels. Within the 
Menomonee River tributaries, the WDNR has identified emergent wetland areas that would 
serve as suitable spawning habitat for northern pike.    The V1 ratio 125 acres/100 acres results 
in a quotient of 0.55. Line B from the HSI V1 graph is described as "Plant growth less lush than 
in A but covers much of the substrate and occupies much of the water column directly above the 
sediments.  More than 60% of the bottom is obscured in vertical projection from depth of 15 cm 
above the bottom. Plant material not compacted when under water."   Line B describes the V1 

reproduction component.  For the graph of V1  under a 60% emergent vegetation coverage 
represented by line B and quotient 0.5, the HSI is 0.8. 
 

 
Water level in the Menomonee River tributaries rise with spring runoff.  Using the V2 graph and 
water level variation of less than 0.25m, results in an HSI for line A of 0.7.  0.7 is the lower 
number of either line A or B. The HSI's for the northern pike reproduction is  0.7, the lowest of 
the nine suitability indices of V1-V9. 
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Table 1 Reproduction Variables Habitat Suitability Indices (USFWS) 

Fish Species 
Project Location                     Reproduction Variables  Habitat Suitability 

Reproduction Index 

 
 

V1 V5 V8 V9 V11 V14   

Smallmouth bass  Alt 1‐ 3 acres r/p  0.6 0.6 0.2 0.6 1 1    0.6 

  Alt 2‐ channel    0.2 0.6 0.2 0.6  1     1     0.5 

  30 acres u/s gravel    1 1 0.6 0.6  1     1     0.9 

 

Alt 3 ‐No Action 

30 acres u/s ‐No Connectivity

No value 

3 acres concrete‐ no habitat value 

    0 

 

    0 

 
 

Reproduction Variables  

Walleye 
 

V7 V10 V11 V12 V13  

  Alt 1‐ 3 acres r/p  1 1 1 1 1   1 

  Alt 2‐ channel      1  1   1  1   1    1 

  30 acres u/s gravel  1 1 1 1 1   1 

 

Alt 3 No Action 

30 acres u/s ‐No Connectivity

No value 

3 acres concrete‐ no habitat value 

    0 

 

    0 

                     Reproduction Variables           

Northern Pike       125 acres  

u/s wetlands 

V1 V2  

  Alt 1 and 2 

 

0.8 0.7     0.7 

     

  Alt 3‐No Action  No Connectivity‐no upstream value   0 
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                      Summary Discussion on Fish Passage Upstream (Connectivity)  
                                   Based on Channel Action Alternatives 1 and 2  
 
In summary, river connectivity for upstream movement of game and forage fishes to existing 
spawning habitat is the prime benefit from the project.  Alternative 1 provides the most habitat 
units because of the higher percentage of fish passed upstream (connectivity) and the 
reconstructed riffle/pool habitat has more value for spawning and adult fish usage.  Either 
alternative results in a vast improvement over the no action alternative but Alternative 1 
provides the most habitat units with increased connectivity.    
 
The targeted fish species are smallmouth bass, walleye and northern pike, one of the poorest 
swimming warm water game fishes,.  While forage species such as common shiner and suckers 
would also benefit from the connectivity to upstream habitat, no HSI's were prepared for the 
forage fishes.  Based on the Upper Mississippi River model and Step 4 Connectivity from the 
UMR model, walleye and smallmouth bass can swim upstream during the spawning season 
under Alternative 1 (riffle pool) as the sustained swim speed of both of these fish exceeds the 
average velocity in the riffle and pool.  Under Alternative 2, only the walleye can swim upstream 
as the average velocity is greater than the sustained swim speed of the smallmouth bass. In the 
UMR model, the northern pike has a sustained swim speed listed at 1.5 fps.  The average 
stream velocity in the reconstructed riffle pool during springtime is over 1.89 fps. Figure 1 was 
adapted by others from a report and literature review by Ontario Ministry of Natural Resources 
(1988) and summarizes passage by free-swimming individuals over standard distance and 
velocities. The effect of temperature and length of the fish are not provided.  The steeper 
sloping portion of the curve more closely approximates “burst” swimming abilities while the lag 
or flat side of the curve approximates the “prolonged” swimming abilities.  From the Ontario 
summary, the sustained or “prolonged” swim speed of northern pike (Figure 1) is approximately 
2 fps at a distance of 150 feet.  
 
The riffle pool (Alternative 1) was designed to allow for northern pike passage based on burst 
speed. Removal of the concrete lined channel and placement of stone to create riffles and pools 
will, using the computed spring flows, decrease flow velocities, within the project reach. The 
Alternative 1 design consists of 6 pools and 6 riffles.  The riffles range from 40' to 65' with 
velocities from 1.69 fps to 2.98 fps.  Within this design, four riffle/run segments of the project 
reach have velocities greater than 2 fps, the velocity of concern for passage of northern pike.  
However for these riffle segments, the velocity at the edge of the channel is less than 2 fps and 
has over 1’ depth of flow, therefore the design will  still provide for northern pike upstream 
passage.  The pools range from 45' to 100' with velocities from 1.11 fps to 1.55 fps in spring.  
The average design velocity for Alternative 1 is 1.89 fps, with slower velocities on the riverbanks 
and river bed. The velocity near the bottom and the sides of the channel will be slower but for 
conservative computational purposes, 60% northern pike passage is being used in this analysis.  
Connectivity at 0.6 is based on 10% loss of passage at each of the riffles with velocity > than 2 
fps using the Ontario summary, other data and professional judgment. 
 
Alternative 2, rock lined channel, because it does not include any riffles or pools, required 
special consideration of flow velocity relative to fish passage:  For Alternative 2, three segments 
exceed 2 fps; one at 430' with an average velocity of 2.87 fps, one at 807' with an average 
velocity of 2.54 fps, and one at 310' with an average velocity of 2.43 fps. All of these segments 
would restrict northern pike passage and greatly exceed the recommended length of passage at 
an average velocity of 2.65 fps for 150 feet as depicted in Figure 1.  Also, the overall average 
channel velocity of 2.33 fps exceeds the sustained swim speed for northern pike and 
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smallmouth bass as listed in the UMR model. The channel flow velocities within the project 
reach range from 1.21-3.22 fps for Alternative 2.  Since the sustained swim speeds of both the 
northern pike and smallmouth bass are exceeded in the armored channel design, professional 
judgment was used to rate connectivity for smallmouth bass at 0.4 and northern pike at 0.2 
based on length of passage and velocity. The WDNR estimates the reduction of northern pike 
successfully passing under alternative 2 as very low, much lower than listed in this paragraph 
because of the nature of the armored channel and no resting pools. The 2,400 foot passage at 
the design velocity exceeds any published literature for successful passage. Of significant note 
is that the summer depths would limit adult fish usage because of lack of depth.   During the 
summer low flow period, water depths in the rock lined channel would range from 1-4 feet and 
velocity of 1-1.5.   
 
 

 
 

Figure 1 Swim Speed and Distances 
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1.0 Introduction 
 
U.S. Army Corps of Engineers, Detroit District proposes aquatic ecosystem restoration of 
approximately 2,400 lineal feet (LF) of the Menomonee River in the City of Milwaukee, Milwaukee 
County, Wisconsin (Figure 1).  The existing concrete channel in this reach provides extremely 
limited habitat value and is a blockage to upstream migration of fishes because of discharge velocity, 
particularly during spring runoff.  Removal of the concrete lined channel and replacement with riffles 
and pools will result in reduced flow velocity during the spring fish spawning periods for upstream 
fish passage to suitable spawning and rearing habitat.  The riffles and pools in the created channel 
will provide summer habitat for fish and invertebrates.  
 
The City of Milwaukee is located on the western shore of Lake Michigan about 100 miles north of 
Chicago, Illinois.  The Menomonee River is a tributary of the Milwaukee River within the city limits 
of Milwaukee.  The Menomonee River watershed drains approximately 135 square miles and flows 
approximately 28 miles from its headwaters in Germantown and Mequon to the Milwaukee River and 
on to Lake Michigan.  In 1965 the bottom of the Menomonee River channel in the lower reaches of 
the river was deepened and lined with concrete to improve flood carrying capacity.  The proposed 
aquatic ecosystem restoration project would remove the concrete lining to restore natural riffle and 
pool characteristics to the river.  
  
This project and the upstream 1,300 lineal feet of concrete removal project undertaken by the 
Milwaukee Metropolitan Sewerage District (MMSD) will result in opening the river for upstream fish 
passage to the next blockage, Lepper Dam, located upstream approximately 18 river miles. 

1.1 Study Authority 
The proposed project is authorized by Section 206 of the Water Resources Development Act 
(WRDA) of 1996 (PL104-303), Aquatic Ecosystem Restoration.  This act authorizes the Federal 
government to initiate investigations and studies leading to the implementation of projects for 
ecosystem restoration and protection. 
 
1.2 Purpose and Need 
The primary objective and purpose of the proposed action is to provide river connectivity and fish 
access to acres of upstream habitat in the Menomonee River that has been blocked by the concrete 
lined channel, and to restore aquatic habitat in this river reach.  Industrialization led to channelizing 
and lining this section of the river with concrete in the 1960’s leading to the loss of important habitat 
and species that once thrived in the Milwaukee estuary.  The project is needed to restore riverine 
habitat and access to historically significant and valuable upstream spawning and nursery area, thus 
providing suitable habitat for many species that were once prevalent but now are locally scarce.  
Restoration of the local fish community within the metropolitan area is the highly desired outcome to 
re-establishing the urban fishery.  Under the US-Canada Great Lakes Water Quality Agreement, the 
Milwaukee River (and several other harbors/waterfronts) is a listed Area of Concern (AoC).  Simply 
put, an AoC is a location that has experienced environmental degradation.  This project assists in the 
removal of the following Milwaukee River AoC identified Beneficial Use Impairments (BUI): 
1) Degradation of fish and wildlife populations, 2) Degradation of benthos, and 3) Loss of fish and 
wildlife habitat.   
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Since 1999, MMSD has removed drop structures, a low head dam, and concrete paved segments that 
restricted upstream fish passage.  Immediately upstream of the proposed Menomonee CAP Section 
206 project is a concrete segment containing a drop structure.  MMSD has scheduled the removal of 
this concrete segment and drop structure in 2014.  The Menomonee CAP Section 206 project (Figure 
1) is 2,400 LF and would remove the last obstacle to upstream fish passage.  Implementing the 
project would provide access to extensive fish spawning and rearing habitat which is estimated at 
more than 30 acres of gravel on the main stem for lithophilic (gravel) spawners and over 125 acres of 
emergent riparian wetland.  Much of the emergent wetland would be suitable for phytophilic (plant) 
spawning fish such as northern pike.  The 100 acres of riverine habitat would also serve as rearing 
habitat for juvenile fishes.  This project is deemed critical by the Wisconsin Department of Natural 
Resources in restoring the fishery in the Milwaukee estuary and nearshore waters of Lake Michigan.  
Restoration of the fishery would serve an urban population.  
 
 

 
Figure 1.  Menomonee CAP Section 206 - Project Work Area 2,400 Lineal Feet (LF) 

Menomonee CAP 
Section 206 - 
Upstream Project 
Limit 

Menomonee CAP Section 
206 - Downstream Project 
Limit 
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2.0 Alternatives and the Proposed Action  
 
Alternatives considered under this study include: 1) removal of the concrete channel lining and 
placing stone designed to create riffle and pool complexes, 2) removal of the concrete channel lining 
and replacing the lining with stone, without the creation of any riffle or pool complexes, and 3) No 
Action.  The action alternatives (Alternatives 1 and 2) would provide varying levels of restored 
aquatic habitat in this river reach and upstream fishery access to acres of suitable spawning habitat 
presently blocked by the concrete lined channel. Alternative 1 would provide the most local habitat 
improvement and best upstream access for fish.  

2.1 Alternative 1:  Replacement of 2,400 feet of Concrete with Stone Riffles and 
Pools 
Alternative 1 involves the removal of the concrete lined channel that prevents upstream movement of 
warm water fish during spring runoff because of flow velocity that is too high for fish passage.  
MMSD has removed the upstream and downstream drop structures and downstream low head dam 
that previously prevented upstream fish migration.  Removal of this concrete lined segment and 
replacement with stone to restore riffle and pool habitat along approximately 2,400 LF of the 
Menomonee River within the City of Milwaukee, Milwaukee County, Wisconsin will restore 
connectivity to 18 river miles in the main stem upstream that provides excellent gravel spawning and 
juvenile rearing habitat for the targeted fish species.  The northern pike spawning wetlands are 
primarily on the tributaries, particularly the Little Menomonee River.  Construction in the riffle and 
pool configuration will reduce flow velocity sufficiently and provide resting pools to provide access 
to upstream spawning and nursery habitat for fish that live in the Milwaukee estuary and nearshore 
waters of Lake Michigan, particularly smallmouth bass, walleye, northern pike and many other 
forage species of the sucker and minnow families (Figures 2a, 2b).  The rock armor stone has been 
sized for the design flood event, the 1% storm.  The armored river channel required to pass the flows 
within the confines of the historic walls prevented the use of aquatic vegetation and a wider, 
vegetated floodplain.   The armor stone will be set on gravel or crushed concrete bed and filter fabric 
unless concrete bedding is required at a specific location based on final design plans and 
specifications.  
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Figure 2a.  Typical Riffle Cross Section 

      
The riffle and pool sequence has been designed to reduce flow velocity during the spring run off 
events when the targeted fish are moving upstream to spawn.  The velocity over the riffles is low 
enough to pass the targeted fish species, particularly northern pike (based on the Upper Mississippi 
River (UMR) certified model as further discussed in the Monitoring Plan attachment). The pools 
provide the necessary resting spots for the fish between riffle crossings.  The Habitats Units analysis 
has additional details on design velocity necessary for fish passage.                
 
 

 
Figure 2b.  Typical Pool Cross Section 
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2.3 Alternative 2:  Replacement of 2,400 feet of Concrete with Stone Channel 
Alternative 2 involves the removal of the concrete channel lining, excavation of excess sediment and 
replacing the concrete lining with a rock lined channel with the boulders set on a gravel or crushed 
concrete bed on fabric without riffles and pools (Figure 3).  If required in specific segments with 
grade change, the boulders could be set in concrete.  Due to the heavy urbanization and the multiple 
bridge crossings along the length of the Menomonee River, and the potential flood impacts, the rock 
must remain in place to prevent unintended impacts to structures and flood discharge.  The upstream 
and downstream drop structures and downstream low head dam have been removed.  However, flow 
velocity through the channel is higher than with Alternative 1 and exceeds the velocity that the 
targeted fish can pass during spring runoff as depicted in the Upper Mississippi certified model used 
for fish passage design criteria.  This alternative provides less overall habitat units (HU) as fewer fish 
pass upstream to spawn and the value of the created rock lined channel is less, particularly in the 
summer months with the lower water depths.  Northern pike, one of the targeted fish species cannot 
pass upstream through the rock lined channel and the value of the habitat is limited in the summer 
because of depth.  A further discussion is found in the Detailed Project Report (DPR), Appendix F - 
Monitoring Plan and Habitats Units Analysis.  The rock armor stone for the channel has been sized 
for the design flood event, the 1% storm. 

  

 
 
                                                         Figure 3.  Armored Channel 
 

2.4 Alternative 3:  No Action 

In the no action alternative, 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.  The upstream and downstream drop structures and downstream low 
head dam have been removed.  However, flow velocity in the spring through the long, concrete lined 
channel is higher than the targeted fish species can pass based on the Upper Mississippi River (UMR) 
certified model.  Though flow velocity is reduced during the summer low flow events, the targeted 
fish species are not moving upstream to spawn during this time period and the shallow, open waters 
would also minimize any fish passage.  The concrete lined channel provides virtually no aquatic 
habitat.  The no action alternative does not meet project objectives of habitat restoration, which 
includes the primary objective of upstream fish passage to 30 acres of spawning gravel within the 
upstream 18 main stem river miles (100 surface acres total river area) that will assist in the restoration 
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of fish populations in the Milwaukee AoC.  Connectivity also provides access to 125 acres of 
emergent wetlands suitable for spawning use by northern pike, a targeted warm water fish species.  
MMSD is scheduled to complete the removal of the upstream concrete segment in 2014 and this 
proposed Section 206 project is on MMSD’s proposed projects list.  However, there are no 
assurances that this segment would be funded in the future by MMSD alone if the proposed habitat 
restoration project were not implemented. 

2.5 Description of the Proposed Action 
The proposed action is Alternative 1, replacement of 2,400 LF of concrete with riffles and pools 
constructed of rock.  To implement the proposed project, approximately 15,000 square yards (SYD) 
of 8 inch thick concrete channel lining will be broken and removed, approximately 32,000 cubic 
yards (CYD) of sediments located under the concrete and up to 3 feet below the existing river bottom 
from beneath the concrete lined channel will be dredged, 2,800 CYD of filter gravel for bedding will 
be placed and 16,000 CYD of rock/stone will be placed to create a stone lined riffle and pool aquatic 
habitat.  In the upstream 1,300 foot section, the boulders will be set in concrete.  The boulders in this 
section will be in bedding gravel or crushed concrete unless a specific section above the OHWM 
requires that the boulders be set in a concrete base (such as at an outfall through the WPA wall) as 
determined during planning, engineering and design (PED). 
 
Disposal of materials and/or debris generated in the course of project construction will take place in 
accordance with applicable Federal, State of Wisconsin, and local laws and regulations.  No 
sediments identified as hazardous material have been identified to date within the proposed project 
area.  The concrete will be broken and transported to a licensed concrete recycling facility. The 
sediments that are suitable for upland disposal will either be taken to the MMSD provided disposal 
site identified as the Road and Construction Materials Facility located approximately 15 miles from 
the project site at 6401 S. Racine Avenue, New Berlin, Wisconsin.  This site is a disposal for fee site 
and is compliant with all Federal, State and local permit requirements to accept this material.  If the 
construction contractor can find an economically favorable alternative site(s) that is/are suitable for 
disposal of this material, then the contractor will be required to prove to the government that they 
have properly obtained all Local, State and Federal permits required for disposal at these alternative 
sites. Any materials determined to be unsuitable for disposal at the New Berlin site, will be taken to a 
Type II landfill with all disposal costs attributed to MMSD.  Beneficial re-use of materials is 
encouraged to reduce inputs to landfills.  The contractor would obtain any permits required for the re-
use or sale of materials.  See paragraph 3.1.3 Hazardous Material for additional information. 
 
Removal of the concrete lined channel and placement of stone to create riffles and pools will, using 
the computed spring flows, decrease flow velocities from existing conditions.  The design consists of 
6 pools and 6 riffles.  The riffles range from 40' to 65'-long with velocities ranging from 1.69 fps to 
2.98 fps, while the pools range from 45' to 100'-long with springtime average flow velocities ranging 
from 1.11 fps to 1.55 fps.  These design velocities are suitable for upstream fish passage with the 
resting pools.  This riffle/pool design will also provide fishery habitat in this reach during the summer 
months with water depths over the riffles at 2-3.5 feet and flows at 0.6 to 1.5 fps and pools with 
depths of 4-6 feet and flows at 0.2 to 0.4 fps.  The flows and distances described meet suitable 
passage criteria for northern pike, the poorest swimming game fish within the harbor. 
 
The spacing and dimensions of the features in the channel have been designed using criteria for fish 
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passage and reference reaches for low flow channels in the Menomonee River.  The proposed action 
consists of removing the concrete channel lining and excavating between 0 to 3 feet of river bottom 
from beneath the channel lining, and placing stone of about 1.6 to 4 feet in diameter (350 to 5500 
pounds) designed to remain stationary during 100 year or 1% flood events that result in a stable 
channel.  Riffle and pool systems will be constructed along the river to create vital habitat for fish and 
other aquatic organisms during low flow periods (generally summer) as well as to provide pools of 
lower velocity during high flow periods for use by migrating fish for resting during spring migration 
upstream.   
 
Historic Works Progress Administration (WPA) masonry walls, built circa 1939, run along both sides 
of the Menomonee River for most of the project (Figure 4).  The WPA walls would remain in place.  
The WPA walls consist of masonry at a 1:4 batter, with a concrete toe and 14-foot driving piles.  The 
height of the WPA walls varies along the length of the project, with a maximum height of 
approximately 12 feet.  Construction access to this project site is available without impacting the 
WPA walls.  An existing canoe ramp adjacent the WPA wall does exist 1,200 feet upstream (north) 
of Wisconsin Avenue bridge along the west bank.  A second canoe ramp will be built at the 
Wisconsin Avenue Bridge along the west bank as part of the MMSD project. MMSD owns the 
property adjacent I-94 where no WPA wall exists and access could be created here as well, if 
required.  Some of the stormwater outfalls that discharge through the WPA walls are deteriorated.  
The deteriorated outfalls are expected to be reconstructed in place by MMSD with materials suitable 
to the State Historic Preservation Office (SHPO) to maintain the historic nature of the WPA walls.  
Final repair plans for the WPA walls will be provided to the SHPO for approval consistent with their 
requirements.  It is likely that the outfall repairs will occur in conjunction with the stream restoration 
project since the construction crews are in the area.  If the wall slump stability analysis indicates the 
WPA wall is in jeopardy for failure, steel sheet piling will be driven along the waterward edge of the 
upper most concrete panels well above the OHWM to secure the toe of the WPA wall to prevent 
potential WPA wall failure.  
 
Two major bridge crossings, the Canadian Pacific railroad bridge and the WDOT I-94 highway 
bridge, are located within this project reach of the Menomonee River.  The riffle pool complex will 
be installed under the bridges with special emphasis in the engineering design analysis for scour 
protection of the bridge piers.   
 
Construction may take place from the shore or from the channel.  During construction, it may be 
necessary to use cutoff walls and piping to divert the water in the channel to construct in the dry.  The 
contractor will be required to take appropriate measures to prevent erosion and sedimentation, 
excessive dust, and other undesirable effects.  The WDNR has indicated a fishery restriction on work 
in the river channel 15 March -15 June.  Work will be coordinated with the WDNR to protect the 
fishery resources.  No warm water fish can pass upstream of the concrete blockage at this time 
without the installation of the riffles and pools, as proposed.   
 
Construction activities associated with the proposed CAP Section 206 restoration project may result 
in fine silts and clays to be transported downstream.  The magnitude and duration of soil erosion and 
sediment transport that is released downstream during construction should be managed appropriately.  
Therefore, during the next project phase (Design and Implementation) water quality based 
expectations related to turbidity from soil erosion and sedimentation levels shall be developed with 
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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 during the construction phase.  The movement of material downstream may be managed by 
placing controls such as a low flow diversion, covering the work area with plastic sheeting if rain is 
imminent and placement of a filter fabric liner over exposed soils during construction.  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 settlement in the river 
system.  
 
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.  Any variations that would result in significant changes to either the overall 
project design or environmental impact would be further evaluated under the National Environmental 
Policy Act.   
 
Since 2000, several restoration projects on the Menomonee River have been completed by MMSD 
which include the removal of drop structures, low head dams and concrete panels.  There still 
remains approximately 3,700 LF of concrete channel in the Menomonee River.  Concrete removal 
within this 3,700 LF reach of the Menomonee River consists of two phases: Phase I is being 
accomplished by MMSD and Phase II is being accomplished by the USACE/MMSD per this Section 
206 project.  The Phase I project consists of the removal of 1,300 LF of concrete channel and drop 
structure and the addition of habitat restoration features.  The Phase 1 upstream project limit is at 
Middle Railroad Bridge (RM 4.29) while the downstream project limit is at RM 4.03.  The Phase I 
work is to be completed in 2014.  The Phase II project encompasses the removal of 2,400 LF of 
concrete starting from just downstream of Wisconsin Avenue (RM 4.03) to just downstream of the I-
94 bridge crossing (RM 3.55)(Figure 1).  The downstream limit of this USACE/MMSD Section 206 
project corresponds to last remaining concrete channel lining in the Menomonee River.  The project 
eliminates the high flow velocity within these concrete segments and provides lower velocity for fish 
to migrate upstream to access acres of suitable spawning and juvenile rearing habitat.   
 
The proposed construction sequence for Alternative 1 is as follows: Provide for low flow diversion of 
the river channel with the following or similar method.  The proposed water diversion technique 
involves driving sheet pile on the upstream end of the work site to create a low flow dam and using a 
portable pump to move the ponded water thru 18-inch plastic pipe to the downstream end of the 
project site.  This low flow system would be sized to move a maximum capacity of approximately 
200 cfs.  Daily work is restricted to a maximum 50 foot length that requires securing with plastic liner 
at the close of each day or if rain is threatening.  High flow is allowed to overtop the sheet pile dam 
and flow over the plastic tarp within the daily work area.  This dewatering process will be reviewed 
and would most probably be incorporated in the Section 401, water quality certification approved by 
the WDNR as part of the required Wisconsin Chapter 30 permit.  Once an area is dewatered, the 
sequence will continue with the breaking of the concrete and removal of the concrete plates to expose 
the underlying soil.  The work sequence is to excavate one to three feet of soil to proposed project 
depth, place rock consistent with riffle/pool design and then truck construction materials from and to 
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the work site.  As each 50 foot section is completed, move downstream and repeat the process. The 
river diversion technique will minimize any sediment migration downstream during construction and 
when river flows are restored.   
 
The work quantities for the project are as follows: remove approximately 15,000 square yards of 
concrete (4,000 CYD), excavate 32,000 CYD soil (sediment), and place approximately 3,000 CYD 
bedding gravel and 16,000 CYD rock (24,000 Tons).  Construction materials will be moved by dump 
trucks.  A temporary road would be constructed to be accessed at both ends of the work site.  The 
contractor may use the existing concrete bed as the haul road.  If not, a temporary road could be built 
on the side slope of the paved river section.  The construction sequence and environmental impacts of 
implementing either action Alternatives 1 or 2 are virtually the same.  The only major difference is in 
the final elevations of the stream channel and the ability of fish to move upstream upon project 
completion.  Upon completion of the project, the riffle/pools are designed to be self cleaning and pass 
bed load materials.  
 
 

 
 
Figure 4.  Existing WPA Wall in Background with Storm Drain Outfalls 
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3.0 Affected Environment and Environmental Consequences 

3.0.1 Riparian Habitat 
The construction area is heavily urbanized and WPA walls line both sides of the Menomonee River 
through the project reach.  The WPA walls are historic, eligible for the National Register of Historic 
Places, and they will not be removed.  The deteriorated stormwater outfalls within the walls will be 
repaired consistent with the SHPO requirements by MMSD during the construction period.  The 
project is limited to concrete removal from the river channel and riffle pool construction.  
Implementing the project will have no effect on the WPA walls or on habitat and vegetation outside 
of the river channel, which is sparse and heavily impacted by adjacent industrial development.   

3.0.2 Wetlands  
The proposed project would have no impact on wetlands.  The river is lined with concrete and the 
WPA walls.  There are no wetlands adjacent to the project reach.   

3.0.3 Aquatic Habitat  
The proposed project area lined with concrete supports a minimal fish population and a limited 
invertebrate community residing on the concrete plates.  Fish species found in other areas of the 
Menomonee River and the Milwaukee Harbor estuary include, but are not limited to: greater 
Redhorse, White Sucker, Longnose sucker, Shorthead Red Horse, Smallmouth Bass, Walleye, Stone 
Roller, Blunt Nose Minnow, Blacknose Dace, Johnny Darter, Creek Chub, Golden Red Horse, 
Northern Pike, Rainbow Trout, Brown Trout, Coho Salmon, and Chinook Salmon.  The completed 
project would eliminate the concrete lined channels and provide greater habitat diversity with riffles 
and pools, thus attracting fish, wildlife, aquatic invertebrates including insects, and benthos that are 
currently found elsewhere in the watershed tributaries.  The most important habitat restoration feature 
and primary objective of this project is providing river connectivity and fish passage upstream to over 
18 river miles of suitable fishery spawning and rearing habitat to assist in the restoration of the 
fishery within the harbor and near shore waters of Lake Michigan.  The low flow river diversion 
technique will minimize any sediment migration downstream during construction and thus the 
impacts to the aquatic environment.  Upon completion of the project, the riffle/pools are designed to 
be self cleaning and pass bed load materials downstream. 
 

3.0.4 Wildlife 
Milwaukee County supports a wide variety of wildlife resources.  Resident terrestrial forms expected 
to occur in the project area include those generalist and edge species that can co-exist with humans.  
These include: small rodents, eastern cottontail, squirrels, and many species of birds.  With the 
restoration of the river, fish and other aquatic organisms would return to this stretch of river that they 
historically occupied.  The existence of natural riffle and pool aquatic habitat would provide food and 
cover for aquatic organisms. 

3.0.5 Federally-Listed Species  
There are no known federally-listed “endangered” or “threatened” species in the project area.  No 
Federally-listed species are identified within Milwaukee County from the USFWS data base dated 
March 2012.  The USACE has determined that the project will have “no effect” on Federally-listed 
endangered or threatened species or their critical habitats.  The USFWS concurred with the Corps 
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determination in email correspondence dated May 3, 2012.  Based on information received from the 
Wisconsin DNR, three state listed endangered species have been observed in the project area: 
  

o Peregrin falcon (Falco Peregrines) - bird, endangered  
o Cooper’s Milkvetch (Astragalus Neglectus) - plant, endangered 
o Wafer ash (Ptelea Trifoliate) - plant, species of concern 

 
After review of the habitat requirements for the two plant species, the plants are not expected to be 
found on the concrete panels nor in the project work area.  The peregrine falcon is not expected to 
nest under the I-94 bridge.  The project is not expected to impact swallows that may be nesting under 
the I-94 bridge since work under the bridge would occur after their nesting season.  

3.0.6 Recreation, Aesthetic Resources 
Portions of the Menomonee River are used for recreational activities such as canoeing, tubing and 
fishing.  Removal of the concrete channel lining and the restoration of the aquatic habitat would 
benefit these uses.  Aesthetically, the project site is highly visible due to its location in downtown 
Milwaukee.  Adverse aesthetic impacts would be minor and temporary during construction activities. 
The finished habitat restoration will result in long term aesthetic benefits through the restoration of 
the natural aquatic habitat.  MMSD may choose to provide signage detailing the benefits of the 
restoration work.  

3.0.7 Cultural Resources 
In compliance with Section 106 of the National Historic Preservation Act of 1966 and Executive 
Order 11593, the National Register of Historic Places (NRHP) and the State Historic Preservation 
Office (SHPO) have been consulted.  Work within the river channel and removal of the concrete 
panels will have no effect on historic structures.  The Works Progress Administration (WPA) 
masonry walls, built circa 1939, are eligible for listing on the NRHP.  The project will have no 
adverse effect on the WPA walls as they will not be removed.  The MMSD repairs to the stormwater 
outfalls will be consistent with SHPO requirements as outlined in their letter dated November 9, 
2012.  The deteriorated outfalls will be reconstructed in place with materials suitable to the SHPO to 
maintain the historic nature of the WPA walls.  The proposed repair plans to the WPA walls will be 
coordinated for approval by the SHPO prior to construction.  The repair plans will be provided to the 
SHPO for final approval.  
 
The WPA walls, which are located along both sides of the Menomonee River for most of the project 
reach, would remain in place.  The WPA walls consist of masonry at a 1:4 batter, with a concrete toe 
and 14-foot driving piles.  The height of the WPA walls varies along the length of the project, with a 
maximum height of approximately 12 feet. Due to the age and condition of the WPA walls, vibration 
during construction must be limited to prevent further damage to the wall.  Low vibratory 
construction equipment and monitoring will be required in the specifications.  The WPA walls were 
analyzed for bearing capacity, sliding, and overturning failure moments as a result of the removal of 
the concrete channel lining based on existing soil borings in the general area obtained from previous 
work. The analysis indicated potential risk to the WPA walls in one section.  Therefore, soil borings 
are being collected adjacent the WPA wall work site.  The soil borings will be used to analyze wall 
stability (deep-seated arc slope stability failure).  Based on the new soil borings, designs will be 
revised, if necessary, and incorporated into the work during plans and specifications for WPA wall 
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protection.  If the slope stability analysis indicates the western WPA wall may be in jeopardy based 
on soil data, a steel sheet pile (SSP) wall will be installed along the stream side of the upper most 
concrete paving panels well above the OHWM stream elevation.  The impacts from driving SSP wall 
above the ordinary high water mark are considered negligible.   
 
Construction access to this project site is available without impacting the WPA walls.  An existing 
canoe ramp does exist 1,200 feet upstream (north) of the Wisconsin Avenue Bridge along the west 
bank.  A second canoe ramp may be built at the Wisconsin Avenue Bridge along the west bank as 
part of MMSD’s project.  MMSD owns the property adjacent to I-94 where no WPA wall exists and 
canoe ramp access could be created here as well, if required.  
 
Adverse impacts to archeological resources are not expected.  However, the contract specifications 
will specify that, if during construction the contractor observes unusual items that might have 
historical, archeological, or cultural value; the contractor will protect those items and immediately 
report the find to the Contracting Officer so that the USACE District Archeologist may notify the 
State Historic Preservation Office (SHPO).   

3.0.8 Coastal Zone Management 
The coastal zone as defined in the Wisconsin Coastal Program consists of the 15 counties bordering 
on the Great Lakes.  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 re-suspension of sediments 
when the flows are restored to the river.  Sediment underlying the concrete varies from silt, sandy- 
clay, and clay.  The turbidity effects would dissipate over time and distance from the work area and 
would not have significant long-term effects.  Any contaminated sediments located under the 
concrete lined channel would be disposed in accordance with applicable state and Federal laws.   
 
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 an 
environmentally non-sensitive area and limit the number of access points without impacting the WPA 
wall. 
 
Implementing either action alternative would not result in direct impacts to Coastal Zone 
Management resources within the Project area and are consistent to the extent practicable with the 
Wisconsin Coastal Management Program.  

3.0.9 Air Quality 
Construction air quality effects would be short term and minor; all equipment would be required to 
meet emission standards.  If dust generated at the work site is deemed to be a potential problem, 
water will be used for dust control from demolition, stockpiled materials, and earthwork activities.  
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Emissions from the proposed construction activity are exempted as de minims and therefore meet the 
General Conformity Criteria pursuant to Section 107 of the Clean Air Act, as amended.  Though 
Milwaukee County/Milwaukee Racine did not meet air quality standards for 8 hour ozone at least 
once each year from 2004-2012 nor did they meet particulate matter (PM) from 2009-2012, the 
proposed work is not expected to affect air quality compliance.  

3.1.0 Noise 
Implementing the proposed Project would not result in significant adverse noise effects in the Project 
area. Temporary and minor noise will occur during construction as a result of the mechanized 
equipment and trucking for the required work.  One temporary elevated source of noise associated 
with the action alternatives would include the use of hydraulic/pneumatic hammers attached to 
excavators to break up the concrete channel lining.  This noise source would be temporary.   
A Milwaukee Public High School is located approximately 1,000 feet east of the Project area.  The 
noise related to the hydraulic/pneumatic hammering may be an added disturbance to students, though 
they are already accustomed to considerable noise from the highway traffic.  However, the likely 
construction period would not significantly overlap with the academic year, and the 
hydraulic/pneumatic hammering would be temporary.  In addition to the high school, other noise 
sensitive areas include a residential neighborhood to the east adjacent to part of the project reach 
north of I-94.  Noise effects on the residential areas will be limited by having work only during 
daylight hours or as directed by the on-site contract administration officer to ensure that high noise 
activities are limited to daylight hours.  Implementing either alternative would not result in significant 
impacts to noise sensitive areas within the Project area given the proximity of the Project area to the 
elevated I-94/US-41 interchange. 

3.1.1 Transportation and Traffic 
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).   
 
The area includes several truck marshalling areas located along the northern limits of the Project area.  
Consequently, truck traffic is common in the area, and the increase of truck traffic due to the project 
would not noticeably impact the area.  Miller Park, a major league baseball stadium, is located near 
the southern limit of the Project area.  The truck traffic will add to the congestion associated with 
game day events.  A Milwaukee Public High School is located in the vicinity of the project; however 
it is not along any probable trucking routes and the traffic will not interfere with school zone traffic.   
 
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.  No additional traffic impacts are expected with 
movement of the sediment to the disposal site.  

3.1.2 Utilities and Infrastructure 
Area utilities include electric, gas, telephone, sanitary sewer, and domestic water.  Because of the 
nature of the proposed work, it is unlikely service interruptions will be required.  Any impacts will be 
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temporary and limited in nature.  Implementing either alternative would have limited direct impacts 
to utilities and infrastructure resources within the project area.   

3.1.3 Hazardous Material 
 
The terms “hazardous materials” refers to any item or agent (biological, chemical, radiological or 
physical) which has the potential to cause harm to humans, animals, or the environment, either by 
itself or through interaction with other factors.  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 waste (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. 
 
USACE policy prohibits the use of Civil Works funds to respond to concerns associated with HTRW 
and requires appropriate investigation to identify potential HTRW concerns early in planning and 
development of a civil works project.  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.   
 
Environmental databases and related records were searched and reviewed for information regarding 
current and former land use indicating storage, disposal or use of CERCLA regulated substances.  
Sanborn Fire Insurance Maps indicated the historic use of the site was residential and railroad, 
consistent with use today.  The EPA CerList that provides information on CERCLA sites revealed no 
CERCLA sites in the project vicinity.  The Wisconsin Bureau for Remediation and Redevelopment 
Tracking System (BRRTS), a state computerized listing of brownfield sites and clean ups, identified 
four sites in the project vicinity, all of which have been cleaned up and closed. 
 
Sediment sampling and analysis was conducted in August 2001 to characterize the sediments under 
the concrete lined channel within the proposed project site (Altech, 2001).  Approximate sampling 
locations are included in Figure 5.  The following criteria were used to evaluate the sediments: 
 

• EPA Threshold Effect Concentrations (TECs) 

• EPA Probable Effect Concentrations (PECs) 

• State of Wisconsin Default Background Levels 

• Direct Contact Criteria (DCC)1 

Twenty sample locations in the concreted river bed adjacent to flowing water were cored with a four 
or six inch diameter diamond drill bit to allow for sediment sampling below the concrete.  Samples 
were collected in the 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 
                     
1 Soil Cleanup Levels for Polycyclic Aromatic Hydrocarbons (PAHs) Interim Guidance, April 1997, Publication RR-
519-97, Wisconsin Department of Natural Resources. 
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to represent what sediment characteristics the new river bed would be comprised of upon project 
completion.   
 
The collected soil samples were analyzed for organic and non-organic compounds.  Organic 
compounds included PCBs, BTEX (Benzene, Toluene, Ethylbenzene, and Xylene (volatile organic 
compounds)), and PAHs.  The non-organic compounds included analysis for trace metals (arsenic, 
barium, cadmium, chromium, copper, lead, mercury, selenium, silver and zinc).  Because the 
concrete panels were constructed in the 1960’s and 1970’s and some of the joint compound from that 
time period contained asbestos, the potential exists that asbestos could be in the concrete joints 
located within the proposed project reach which was a concern in early coordination with the WDNR.  
Therefore, the collected soil samples were also analyzed for the presence of asbestos.  
 
The results of the geotechnical sediment analysis indicated that the sediments contained sands and 
gravels.  Analytical testing results indicated that no VOCs were detected and no PCBs were reported 
in any of the samples collected.  In two of the twenty soil samples, PAHs had detectable levels above 
RCL non-industrial direct contact, yet none of the PAHs were reported at concentrations in excess of 
the generic residual contaminant levels (RCL) for industrial sites.  The levels of metals detected were 
low or not detected.  Arsenic concentrations in the soil samples varied between 2.3 and 4.9 mg/kg 
exceeding the Wisconsin industrial-residual contaminant level of 1.6 mg/kg but not the USEPA soil 
screening level (SSL) value of 29 mg/kg (which is the value used for the protection of groundwater).   
The average arsenic value detected within the soil samples was 3.2 mg/kg which are less than the 
naturally occurring background levels for soils in southeast Wisconsin.  No asbestos was detected in 
the soil samples.  No HTRW regulated waste materials were detected underneath the concrete located 
within the proposed project area.  In summary, all of the soil under the concrete would be classified 
as a non regulated material and is suitable for upland placement.  The sand and gravel may have some 
use as construction materials, while the removed concrete may have a beneficial reuse.  The 
analytical testing results are contained in the DPR, Appendix F – Phase II ESA. 
 
MMSD has tested sediments immediately upstream of the proposed Section 206 project reach 
(Bloom Companies, LLC, 2010).  Soil samples were collected from beneath the concrete lined 
channel.  The collected sediment was analyzed for VOCs, PAHs, PCBs, and RCRA metals.  Testing 
results indicated that no VOCs were detected.  Some of the soil samples contained PAHs that were 
reported at concentrations in excess of the generic residual contaminant levels (RCL) for non-
industrial sites for direct contact.  The remaining PAH compounds detected in the soil samples were 
less than the RCL for non-industrial direct contact levels.  No PCBs were reported in any of the 
samples collected.  All samples collected exceeded the industrial RCL for arsenic.  Two soil sample 
locations had arsenic levels above 10 mg/kg (11 mg/kg and 13 mg/kg) yet most of the samples 
contained arsenic concentrations at levels less than 10 mg/kg which is within common background 
levels for soils in southeast Wisconsin.  No other metals (barium, cadmium, chromium, lead, 
mercury, selenium, and silver) were reported at concentrations of concern.  No HTRW regulated 
material was detected.  MMSD has tested for the presence of asbestos within the concrete joint 
compounds located at their other concrete removal projects.  Their testing results indicate that no 
asbestos has been found in the concrete joint compound at their project site.   
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Figure 5 – Menomonee River, Milwaukee, Wisconsin Sample Locations (Altech, 2001)   
 
 
During MMSD construction activities at their project site located immediately upstream from the 
proposed Section 206 project site, MMSD put the burden of spoil placement on their contractor.  
MMSD’s contractor took the spoils removed from the construction site to several locations including 
property that the contractor owned.  None of the removed spoils went to a regulated hazardous waste 
landfill because soil testing deemed the spoils suitable for upland placement.  The MMSD contractor 
was required to obtain all applicable Federal, State, and local permits for the spoil removal and 
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placement activities.  The construction activities at this MMSD project site are anticipated to be 
completed in 2014. 
 
The preliminary sediment management framework for the proposed project assumes that all sediment 
exists at a contamination level below thresholds requiring special handling and management 
techniques.  This assumption is based on the sediment analysis mentioned above.  Sediment within 
and around the project areas have been analyzed and determined to not contain HTRW regulated 
material.  Based on the testing results, implementing the proposed project is not expected to adversely 
impact sediment and water quality.  The sediments within the proposed construction area do not pose 
unacceptable exposure risk if removed from the exposed concrete channel and riverbed and spread on 
floodplain areas.  
 
While implementing the proposed project is not expected to result in the identification or the release 
of HTRW regulated material, some additional testing is likely to occur prior to or during 
construction. If the additional testing indicates the presence of CERCLA substances above State of 
Wisconsin criteria in soils to be excavated and removed from the project, those soils will be 
transported and disposed of in accordance with applicable Federal, State, and local laws consistent 
with USACE polices.  The non-Federal project sponsor (MMSD) will pay 100% of the costs 
associated with the removal and disposal of any HTRW regulated waste materials encountered during 
construction activities.  The HTRW regulated materials will be taken to a properly permitted Type II 
landfill.  One such Type II landfill site is the Waste Management Facility at 2101 W. Morgan 
Avenue, Milwaukee, Wisconsin. 
 
Excavated non-HTRW regulated material will be disposed of in accordance with applicable Federal, 
State, and local laws and USACE polices.  MMSD has identified the Road and Construction 
Materials Facility, located approximately 15 miles from the project site at 6401 South Racine 
Avenue, New Berlin, Wisconsin, as a primary disposal site. This site is a disposal for fee site and is 
compliant with all Federal, State and Local permit requirements to accept this material.  If the 
construction contractor can find an economically favorable alternative site(s) that is/are suitable for 
disposal of this material, then the contractor will be required to prove to the government that they 
have properly obtained all Local, State and Federal permits required for disposal at these alternative 
sites. The placement of non-HTRW regulated material into an appropriate off site licensed disposal 
area is considered a project feature and the non-federal project sponsor can obtain Lands, Easements 
Rights-of-Ways, Relocations, and Disposal (LERRDS) credit.  For additional information, see the 
Real Estate plan located in the DPR, Appendix E - Real Estate. 
 

3.1.4 Public Services 
Implementing either alternative would not result in direct, indirect, or cumulative impacts to public 
safety services such as police, fire protection, or local hospitals within the Project area.  No major 
roadways would be closed and any detours or partial road blockage would be minimal. 
 
44CFR 65.12 states: "When a community proposes to permit encroachments upon the floodplain 
when a regulatory floodway has not been adopted or to permit encroachments upon an adopted 
regulatory floodway which will cause base flood elevation increases in excess of (0.00ft in floodway) 
and/or (0.1 in floodplain)…the community shall apply to the Administrator for conditional approval 
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of such actions prior to permitting the encroachments to occur."  The implementation of Alternative 1 
will not cause an increase in the currently mapped base flood elevation because MMSD has 
previously implemented projects to mitigate the increases associated with construction of this project. 
MMSD has/will obtain any required flowage easements, and will work with FEMA and the WDNR 
to obtain a Letter of Map Revision (LOMR) for documenting the alteration of a flood plain.  Any 
stage increase compared to existing conditions (that occur after MMSD mitigation efforts) will not 
result in significant enlargement of the flood zone.  The proposed project will not result in further 
development or occupation of the floodplain.    

3.1.5 Environmental Justice 
The project area is bounded by industrial development to the north, west and south with the major 
league baseball stadium to the southwest.  Residential development is located easterly of the 
riverfront walkway with the closest homes being approximately 100-150 feet east of the river 
corridor.  Executive Order 12898, Federal Actions to Address Environmental Justice in Minority 
Populations and Low-Income Populations, was instituted to ensure fair treatment and meaningful 
involvement of all people regardless of race, color, national origin, or income with respect to the 
development, implementation, and enforcement of environmental laws, regulations, and policies.  
Fair treatment means that no group of people, including racial, ethnic, or socioeconomic groups, 
should bear a disproportionate share of the negative environmental consequences resulting from 
industrial, municipal, and commercial operations or the execution of federal, state, tribal, and local 
programs and policies.  
 
Implementing either of the action alternatives would not result in direct impacts to socioeconomic 
and environmental justice resources within the Project area.  The overall socioeconomic impact of the 
proposed alternatives would be minor because the effects of the construction are temporary and no 
economic impacts would be felt.  Therefore, negative impacts to minority populations and low-
income populations would not occur.  However, positive impacts through increased fishing and 
recreation activities are expected with completion of the proposed project.   
 
The 2000 census data for the greater Milwaukee area indicated a population of about 600,000 with 37 
percent black but the total population has dropped since then.  Over 1,000,000 persons live an hour or 
less from the downtown Milwaukee estuary and access to an urban fishery supported, in part, by the 
Menomonee River habitat project.   

3.2 Cumulative Effects 
The completed aquatic ecosystem restoration would not result in significant cumulative or long-term 
adverse environmental impacts, nor would it have significant adverse impacts on existing habitat in 
the Menomonee River.  The current degraded condition of the lower Menomonee River and the 
Milwaukee River estuary is a direct result of industrialization that resulted in the channelization and 
dredging and filling of estuary wetlands and tributaries.  The completed project would provide 
environmental as well as social benefits as this project provides connectivity to 18 upstream river 
miles for fish spawning and rearing.  This project, in conjunction with other proposed projects on 
tributaries (Underwood Creek, Kinnickinnic River) to the Milwaukee River will assist in the removal 
of the Milwaukee River AoC BUI’s and restoration of the Milwaukee Harbor estuary.   



 
 
 
 
 

 

EA-20 
 

3.2.1 Recent, Present, and Reasonably Foreseeable Future Projects 
The proposed project is designed to remove the last impediment to fish passage to upstream spawning 
habitat on the Menomonee River, which is the primary objective of the project.  The MSSD has 
completed several projects within the Milwaukee River tributaries to remove concrete lined channel 
sections and restore the natural riffle and pool habitat of the rivers.  The Menomonee River has had 6 
different projects with Federal funding assistance.  Sustain Our Great Lakes Program announced on 
July 29, 2013 a $400,000 grant to MMSD for the removal of five (5) partial concrete blockages that 
restrict upstream fish passage in the summer.  These pipeline/remnant structures do not block passage 
during spring migration events.   Similar projects are proposed on other tributaries within Milwaukee, 
including work on the Kinnickinnic River and Underwood Creek.  These proposed projects do not 
cause or create significant cumulative adverse effects.    

3.2.2 Climate Considerations 
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.  These effects would 
not have a significant cumulative effect in conjunction with the proposed channel restoration.   

3.2.3 Effects on Natural and Biological Resources, Invasive Species 
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 AoC.  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.  Invasive species, environmental contaminants, and harmful pathogens are not 
increased or accessed with implementation of the project.  Implementation of this project is not 
expected to create or expand suitable habitat for invasive species.  Zebra and quagga live on rocks but 
the breakwaters and previously restored rock riffle pool areas are not infested with invasive mussels. 
Some round gobies may move into the reconstructed rock riffle pool segment but the fish already 
reside in the harbor.  Prior to implementation of any of the concrete removal projects, the USFWS sea 
lamprey control determined that the Menomonee River and tributaries were not suitable for sea 
lamprey production.  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.   

4.0 Findings and Conclusions 
 
Environmental review of the proposed action has indicated that no significant adverse long-term 
environmental effects would occur, nor would any significant adverse secondary effects occur.  The 
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selected alternative, Alternative 1, removing the concrete channel lining and replacing it with rock, in 
a riffle pool configuration is the most environmentally beneficial alternative. 
 
Minor, temporary effects of increased turbidity and increased air and noise emissions would occur 
during construction.  Post construction effects would be beneficial and meet the primary objective of 
improved fish access to upstream spawning and nursery areas through river connectivity and riffle 
pool habitat within the work area. 
 
The proposed action has been reviewed pursuant to the following Acts and Executive Orders, as 
amended: 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 the above Acts 
and Executive Orders for this phase of the study. 
 
The USACE, Detroit District and the SHPO have determined pursuant to the National Historic 
Preservation Act that the project will have no adverse effect on sites listed in the National Register of 
Historic Places or the potentially eligible WPA walls with the proposed reconstruction of the WPA 
stormwater outfalls by MMSD consistent with the SHPO recommendations. 
 
The USFWS concurred with the USACE determination that the proposed project would have “no 
effect” on Federally-threatened or endangered species or the critical habitats of those species.   
 
The aquatic habitat restoration complies with the Federal Executive Order on Flood Plain 
Management (E.O. 11988) because there is no practicable alternative to construction in the 
floodplain and the project would not encourage floodplain development.  The project is within the 
coastal zone of Wisconsin and complies to the extent practicable with a Wisconsin’s Coastal 
Management Program. 
 
Pursuant to the Clean Water Act (CWA), a Section 404(b)(1) Evaluation of the environmental effects 
of the discharge of fill material, associated with the aquatic habitat restoration, into waters of the U.S. 
has been prepared (Attachment A to this EA).  The Section 404(b)(1) evaluation concludes with the 
determination that “the proposed action is in compliance with Section 404 of the Clean Water Act.” 
 
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). 
 
This Environmental Assessment concludes that environmental impacts of the proposed aquatic 
habitat restoration along the Menomonee River, City of Milwaukee, Milwaukee County, Wisconsin, 
are minor and local in scope; the benefits of the proposed action outweigh the minor impacts that 
would result from implementation of the proposed action; and the proposed action does not constitute 
a major Federal action significantly affecting the quality of the human environment. 
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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 
contained in Attachment B to this EA.  If the District Engineer determines that an EIS is not 
necessary, the Preliminary FONSI would be finalized and the proposed action implemented. 

5.0 Agency Coordination  
 
5.1 Early Coordination Comments 
Early project coordination did occur with USFWS, USEPA, Wisconsin Historical Society, and the 
WDNR and concerns/questions/issues raised have been addressed in the EA.  Project information 
was coordinated via written correspondence for the proposed action in May and October 2012.  The 
coordination resulted in early comments which were incorporated into the EA.  These entities will 
receive a copy of the EA for review and comment during the 30-day public review period.  Agency 
early project coordination responses are located in Attachment C to this EA.   

The SHPO responded that the reconstruction of the channel will not affect historic structures or 
property.  Reconstruction of the failing stormwater outfalls in the WPA walls needs to essentially be 
“in place and in kind” as described in their November 9, 2012 letter.  MMSD indicates the proposed 
WPA stormwater outfall reconstruction will comply with the SHPO requirements.   

On May 17, 2012, the USEPA responded with several questions regarding specific project details that 
were not available in the early coordination phase.  The information has been addressed within this 
EA.   

On May 3, 2012, the USFWS concurred with the USACE determination that the proposed project 
would have “no effect” on Federally-threatened or endangered species or the critical habitats of those 
species.  The sea lamprey control unit previously determined the project would not increase sea 
lamprey access to suitable habitat.  The overall Milwaukee restoration plan is acceptable to the 
agency.  

On May 24, 2012, the Wisconsin DNR responded with several questions regarding specific project 
details that were not available in the early coordination phase.  The information has been addressed 
within this EA and many of the concerns will be incorporated by the WDNR into the Wisconsin 
Chapter 30 permit.   
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CLEAN WATER ACT 
SECTION 404(b)(1) EVALUATION 

 
Of the Effects of Placing Fill Material into the Waters of the United States 

Menomonee River, Environmental Restoration 
City of Milwaukee, Milwaukee County, Wisconsin 

 
I.  PROJECT DESCRIPTION: 
 
a.  Project Location, Description, and Authority: The U.S. Army Corps of Engineers (USACE), 
Detroit District, proposes aquatic habitat restoration of the Menomonee River, Milwaukee, under 
Section 206 of the Water Resources  Development Act (WRDA) of 1996, (P.L. 104-303) as 
amended; U.S. Code 33 USC 2330.  Since 2000, several restoration projects on the Menomonee 
River have been completed by MMSD which include the removal of drop structures, low head dams 
and concrete panels.  There still remains approximately 3,700 LF of concrete channel in the 
Menomonee River.  Concrete removal within this 3,700 LF reach of the Menomonee River consists 
of two phases: Phase I is being accomplished by MMSD and Phase II is being accomplished by the 
USACE/MMSD per this Section 206 project.  The Phase I project consists of the removal of 1,300 
LF of concrete channel and drop structure and the addition of habitat restoration features.  The Phase 
1 upstream project limit is at Middle Railroad Bridge (RM 4.29) while the downstream project limit 
is at RM 4.03.  The Phase I work is to be completed in 2014.   
 
The Phase II project (the proposed Section 206 project) encompasses the removal of 2,400 LF of 
concrete starting from just downstream of Wisconsin Avenue (RM 4.03) to just downstream of the I-
94 Bridge crossing (RM 3.55).  The downstream limit of this proposed Section 206 project 
corresponds to last remaining concrete channel lining in the Menomonee River.  The project 
eliminates the high flow velocity within these concrete segments and provides lower velocity for fish 
to migrate upstream to access acres of suitable spawning and juvenile rearing habitat. The work area 
encompasses 3 acres (2,400 LF of river x 50-60 feet wide/43,560 ft2/acre) that are classified as waters 
of the United States.  During construction, the low river flows will be diverted through an 18 inch 
plastic pipe all the way down stream as work is completed in 50 foot work sections to allow work in 
the dry or slack water while the concrete is broken and removed, sediments excavated and stone 
placed to construct riffles and pools in accordance with the described plan.  
 
b. Description of Disposal Methods:  The project involves the removal of approximately 15,000 
square yards (SYD) of concrete lining in 2,400 LF of river channel, excavation of 32,000 CYD of 
sediment from under the concrete to shape the river bed and placement of 16,000 cubic yards (CYD) 
of rock and 3,000 CYD of bedding gravel (or concrete bedding, as required) to create the riffle and 
pool design. The proposed work will not result in the loss of any waters of the U.S. but result in the 
creation of a free flowing river segment with riffles and pools in the formerly concrete lined channel, 
restoring this river segment to a more natural condition.  This armored river segment will pass flood 
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flows without causing a significant harmful interference, allow for fish passage upstream and provide 
aquatic habitat within the work area.  All exposed earthwork will include erosion and stormwater 
controls until the project is complete and bare earth areas are stabilized. 
   
c. Description of Habitat:  The existing 2,400 LF of river is concrete lined and in a deteriorated 
condition requiring removal or replacement.  The selected alternative is removal and replacement 
with stone forming riffles and pools.  The river channel habitat is of low quality without wetlands or 
natural substrate for fish and invertebrates.  
 
II. FACTUAL DETERMINATION 
 
a.  Physical Substrate Determinations:  No significant adverse effects.  Existing concrete will be 
replaced with stone set in place to create a river with riffles and pools and extensive interstitial space 
for both invertebrates and fish.  
 
b.  Water Circulation, Fluctuation, and Salinity Determinations:  No adverse effects.  The 
reconstructed river channel will handle flood flows.  The implementation of Alternative 1 will not 
cause an increase in the currently mapped base flood elevation because MMSD has previously 
implemented projects to mitigate the increases associated with construction of this project. MMSD 
has/will obtain any required flowage easements, and will work with FEMA to obtain a CLOMAR 
and LOMAR, if required.  Any stage increase compared to existing conditions (that occur after 
MMSD mitigation efforts) will not result in significant enlargement of the flood zone.  The proposed 
project will not result in further development or occupation of the floodplain.     
 
c.  Suspended Particulate/Turbidity Determinations:  No significant adverse effect.  Project 
construction will occur in segments and could cause temporary turbidity if rains occurred prior to 
placement of the rock.  Turbidity effects would dissipate over a short time period and distance from 
the work area and would not have significant, short term or long term effects.  The armor stone would 
reduce erosion from scour of the underlying sediments from the deteriorated concrete lining and 
minimize suspended solids discharge to the receiving waters.  The project has a plan for minimizing 
erosion including fluming the waters in the work area, placement of silt fence where required and 
seeding of exposed areas.  
  
d.  Contaminant Determinations:  Only suitable bedding aggregate either as gravel or crushed 
concrete and stone would be placed in the river bed for river reconstruction.  The concrete will be 
broken and transported to a licensed concrete recycling facility. The excavated sediments will be 
tested and disposed of according to state and Federal regulations.  The sediments that are suitable for 
upland disposal will be taken to the MMSD identified Road and Construction Materials Facility 
located approximately 15 miles from the project site at 6401 S. Racine Avenue, New Berlin, 
Wisconsin.  This site is a disposal for fee site and is compliant with all Federal, State and Local 
permit requirements to accept this material.  If the construction contractor can find an economically 
favorable alternative site(s) that is/are suitable for disposal of this material, then the contractor will be 
required to prove to the government that they have properly obtained all Local, State and Federal 
permits required for disposal at these alternative sites. Any materials determined to be unsuitable for 
disposal at the New Berlin site, based on further sediment analysis, will be taken to a Type II landfill 
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with all disposal costs attributed to MMSD.  Controls will be in place to prevent sediment movement 
downstream during construction.   
 
e.  Aquatic Ecosystem and Organism Determinations:  No significant adverse effects.  
Construction would destroy any invertebrates living on the concrete.  The reconstructed stone river 
bed with the resulting interstitial spaces will provide additional aquatic habitat for invertebrates and 
fish.  Wildlife would temporarily avoid the area because of the noise and activity.  The WDNR has 
indicated a fishery restriction on work in the river channel 15 March -15 June.  Work will be 
coordinated with the WDNR to protect the fishery resources.  No warm water fish can pass upstream 
of the concrete blockage at this time without the installation of the riffles and pools, as proposed.  
 
f.  Federally Listed Species:  No Federally listed “threatened” or “endangered” species are known to 
be present in the work area nor are any species proposed for listing that inhabit the project area.  In 
email correspondence dated May 3, 2012, the U.S. Fish and Wildlife Service (USFWS) concurred 
that the project will have no effect on Federally listed or proposed threatened or endangered species 
and concurred with the USACE, Detroit District determination that there will be “no effect” on 
Federally listed species or their critical habitat.  
 
g.  Proposed Disposal Site Determinations:  The placement of stone fill material would have no 
significant adverse impacts on municipal or private water supplies, recreational or commercial 
fisheries, water related recreation, aesthetics, parks, monuments, wilderness areas, research sites, or 
similar preserves.  The State Historic Preservation Office (SHPO) concurred that the concrete 
removal project work area, as proposed, will not affect historic properties in a letter dated May 15, 
2012.  Repairs to the stormwater outfalls through the WPA walls must and will be completed 
consistent SHPO requirements.  MMSD has agreed to complete those repairs consistent with SHPO 
requirements.   If the slope stability analysis indicates the western WPA wall may be in jeopardy 
based on soil data, a steel sheet pile (SSP) wall will be installed along the stream side of the upper 
most concrete paving channel well above the OHWM stream elevation.  The impacts from driving 
SSP wall above the ordinary high water mark are considered negligible. 
   
h. Determination of Cumulative and Secondary Effects on the Aquatic Ecosystem: No 
significant cumulative or secondary impacts are expected to occur from the proposed work and 
shaping the river bed or banks for placement of rock.   
 
III.  FINDING OF COMPLIANCE:  
 
No significant adaptations of the Section 404 (b)(1) Evaluation guidelines were made relative to this 
project.  The proposed concrete removal, 32,000 CYD of sediment excavation with testing and 
appropriate disposal consistent with state and Federal requirements and the placement of 
approximately 19,000 CYD of stone to reconstruct 2,400 LF of channel in the riffle and pool 
configuration would meet applicable water quality standards; would not result in significant adverse 
effects on human health and welfare, aquatic life, or other wildlife dependent on the aquatic 
ecosystem, nor impact the diversity, productivity, and stability of the aquatic ecosystem.  The 
proposed riffle pool project would maintain bedload discharge and not cause excessive sedimentation 
during construction.  Coordination of the project with the USFWS indicates that no Federally-listed 
“threatened” or “endangered” species or their critical habitat have been identified that would be 
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affected by the project.  Appropriate steps have been taken to minimize adverse effects on the aquatic 
ecosystem including specific environmental protection clauses in the project contract specifications to 
ensure protection of natural resources.  On the basis of Section 404 (b)(1) Guidelines for 
Specification of Disposal Sites for Dredged or Fill Material (40 CFR part 230), it has been 
determined that the proposed action is in compliance with Section 404 of the Clean Water Act. 
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PRELIMINARY FINDING OF NO SIGNIFICANT IMPACT 
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  PRELIMINARY FINDING OF NO SIGNIFICANT IMPACT 
 

MENOMONEE RIVER, ENVIRONMENTAL RESTORATION 
CITY OF MILWAUKEE, MILWAUKEE COUNTY, WISCONSIN 

SECTION 206 OF THE WATER RESOURCES DEVELOPMENT ACT 
 
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) and an evaluation 
pursuant to Section 404(b)(1) of the Clean Water Act (CWA) for the purpose of conducting a 
comprehensive evaluation of the existing conditions and environmental consequences of  
reconstruction of approximately 2,400 lineal feet (LF) of the Menomonee River located in 
Milwaukee, Wisconsin.  The project begins at Middle Railroad Bridge and extends downstream to 
just south of Interstate Highway I-94 and includes the removal of 2,400 LF of concrete (15,000 
square yards, excavation of 32,000 cubic yards (CYD) of material and placement of 19,000 CYD of 
rock to create riffles and pools within this river segment.  
 
Alternatives considered under this study include: 1) removal of the concrete channel lining and 
placing stone designed to remain stationary to create riffle and pool complexes; 2) removal of the 
concrete channel lining and replacing the lining with stone, without the creation of any riffle or pool 
complexes and 3) No Federal Action.  Alternative 1 is the selected alternative as it would restore 
access to the aquatic ecosystem along the Menomonee River.  Alternative 2 would restrict upstream 
fish passage during spring runoff.  
 
This study is being conducted under the authority of Section 206 of the Water Resources and 
Development Act (WRDA) of 1996, (P.L. 104-303) as amended; U.S. Code 33 USC 2330.  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).  No wetlands will be destroyed by implementing the 
proposed project but 3 acres of concrete lined channel will be replaced with rock, creating riffles and 
pools in a natural channel design  
 
Based on the findings of the EA and 404(b)(1) evaluation (for placement of fill material into 3 acres 
of waters of the United States), implementation of the selected project alternative would be in 
compliance with Section 404 of the CWA and 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 construction activities.  The proposed project will 
provide a long term, environmentally sound solution for aquatic habitat restoration by providing 
connectivity to 18 miles of river for spawning habitat.   
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The proposed project complies with Federal Executive Order 11988 on Flood Plain 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.  
 
Review of the proposed project and the comments received during public review of the EA and 
404(b)(1) evaluation 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       Robert J. Ells  
        Lieutenant Colonel, U.S. Army 
        District Engineer  
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Agency Comments 
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	There is a work and storage area on WDOT property under the State Highway 45 bridge which will require notification by MMSD to WDOT.
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	No fees for the notification/applications are expected for either CPR or WDOT.
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	e. The sponsor has performed successfully on other Corps of Engineers projects and has a full Real Estate Staff performing Real Estate functions.
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