Detailed Project
Report

Menomonee River
Section 206

Milwaukee, WI
June 2014

Executive Summary

Main Report

Appendix A — Engineering

Appendix B — Hydraulics & Hydrology

Appendix C — Cost

Appendix D — Economics

Appendix E — Real Estate

Appendix F — Monitoring/Adaptive Mgt

Appendix G — Phase Il ESA

ENVIRONMENTAL ASSESSMENT

Non-Federal Sponsor LOI

Correspondence

ATR Certification and Summary Report

Legal and Policy Certification



DETAILED PROJECT REPORT
MENOMONEE RIVER, ENVIRONMENTAL RESTORATION

CITY OF MILWAUKEE, MILWAUKEE COUNTY, WISCONSIN

SECTION 206 OF THE WATER RESOURCE DEVELOPMENT ACT

June 2014



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 1-94 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



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
LERRDs" $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

! 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 1-94 southwest of W Mt Vernon Avenue and N 42" 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.

20 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 PRIORSTUDIES 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.



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 45" 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 45" Street to
1-94, 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



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
45™ 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 43 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 1-94,
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 45" 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 1-94 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’Ss) 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.



40 PLAN FORMULATION
41 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 45™ 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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Project Location

Figure 2. Greater Milwaukee Watersheds/Menomonee River Watershed



—— | Upstream
beginning of
project

Downstream end of
project.

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
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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 11 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 45" 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 Il 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.*

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 Use’

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.
12



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.

43.1 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.

e 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
1-94 prevents fish from accessing spawning areas upstream due to high velocities during the
spawning season.

e Loss of aquatic habitat, natural shoreline and emergent wetlands

The concrete channel lining from the Middle Railroad Bridge north of Wisconsin Avenue to
1-94 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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e 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.

e Improve fishery habitat along the Menomonee River

Restore indigenous fish species in the river
e Provide increased recreational opportunities along the waterfront

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

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

e Decrease peak velocities within the channel
e Improve water quality

e Decrease maintenance expenses

e 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:

e 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.

e 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.

e Bridges near the south end of the project, the 194 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:

e 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.

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

e 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.

e 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 194 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:
e Concrete Removal,
e Stone Placement, and
e 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
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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 1-94
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 Il 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.
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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.
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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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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
Alternatives (acres) (0-1) (0-1) Units HU’s | AAHU
Alternative 1 - - With-Project—Concrete Removal with Riffle/Pool Construction
Upstream River Channel 100
Gravel within 100 acres 30 *
Smallmouth bass 30 30
Walleye 30 30
Mean value 30 30 30 30
Constructed River Channel Riffle
Pool 3*
Smallmouth bass 3 0.6 1.8
Walleye 3 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 0.4 12
Walleye 30 1 30
Mean value 30 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 19
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 0 0
Walleye 30 0 0
Mean value 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 FY'14
dollars in table 3b. Costs were updated to FY 14 dollars using CWCCIS feature code 06- and
FY14 interest rate of 3.5%. The selected alternative was determined, and is evaluated and
presented using FY 14 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
Remove Concrete Remove Concrete
w/Riffle-Pool with Rock Lined

Construction Cost Construction 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* $47,104 $34,672

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

Non Construction Costs ? $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? $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

LFY 13 dollars and 3.75% interest for 6 months construction for Alt 1 and 5 months for Alt 2
2Includes Contingency of 15% and excludes sunk feasibility costs
3FY14 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
Present
Value of All Total
Project Output Average
Alternative Costs (HU) 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

Total
Total Incremental Habitat | Incremental | Incremental
Alternative Cost Cost uUnits Output 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 Il 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
LERRDs" $138,000
Planning, Engineering and Design $325,000
Construction Management $64,000
Total Project Costs $6,240,000

PV Monitoring and Adaptive Management? $26,000
Operations & Maintenance $10,000
Total Project Costs including Monitoring & O&M $6,276,000

1| and, 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 * $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 ° $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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! 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 Il 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.

140 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, FY 14

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:

e Remove approximately 2,400-feet of concrete lined channel
e Provide fish passage and resting areas during low-flows and fish refuge zones during higher
flows

e 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 -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 43™ 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 D, 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 Dsg 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 D5 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 D5 of 2.5-ft is still
appropriate. Therefore, the stone gradation that was specified for the upstream project’s Grade Il grade
control base (shown in Table 1) shall also be used for this project.

Size | Appox. Stone Weight (Ibs) | 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 Il 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 Il 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.

T T T STONE RETAINING WALL
PR WALL

0 BE DETERMINEL
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.0.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
15400 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 Elevation
(FT) (FT NAVD 1988)
0+50 LS 2.94 582.06
2+00 LS 291 582.09
2+00 RS 291 582.09
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 1-94 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 190CT2012.

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 1-94 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.
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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

11



Menomonee River Restoration
Appendix A — Engineering Appendix

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.

12
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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:

e The river would continue to inhibit fish passage, as the high flow velocities remain unchanged.
e Flood level elevations will remain unchanged.
e 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

13
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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. Itis 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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ATTACHMENT 2

HISTORICAL BORINGS
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GROUND ELEV.: 39.4 PROJECT ID.: IJORANIEGCH BORING NO.: I30-CT-RAS-07A
NORTH COORD.: 383925 FIELD ENG./GED.: P.S. STEERMAN DATE BEGAN: 11/15/1982
EAST COORD. : 2543003 DRILLER: D. SINIBALDI DATE COMPLETED: 11/16/1982
w wiyg UNCONF INED
Al ~Alwxl™ S [PENETRATION | oy npr coTvE WATER
L 1 PY s | RESISTANCE CONTENT REMARKS
285 B2(8 DESCRIPYION w | }8Cows/F00T)| STREMGTH | (peRcent) t
T TR =2 | & a -
;Il et e w N F A =3 10 10 1 4 1 L
Ml o g FILL - SANDY GRAVEL. 04
MEDIUM DENSE TO VERY A
- DENSE. BROWN TO BLACK. b
- s MOIST. ORGANICS ¢
[ ¢
L % FiLL - SAND. LOOSE TO
] MEDIUM DENSE. BROWN. /
SATURATED. SOME GRAVEL. Sl
B =1 s+ CRGANICS. METAL. GLASS 4
B T PIECES PIECE OF METAL
L AT 100
F
B "1 s& FILL - SANDY GRAVEL. /
o DENSE. BLACK TO YELLOW )
—- MOIST. ORGANICS AND
E— wOOD PIECES (
- - \75 \ 17 E__
- - 50 |ui/ls\q
20 |
20
. s
SILTY SAND - MEDIUM r
-] i| OENSE TO VERY DENSE
= 1si0 <] GRAY MOIST. COARSE TO |sgn 4 ALLUVIAL DEPOSITS
+- 3 ,’ FINE GRAINED COARSE | T
28 ?'h'- GRAVEL AT 290 DEPTH. W\
dsn ;j§,_" CLAY LENS AT 230 N '
—_—— L N
o I
o [: 1512 "'u.(l 290 I}l 290[_
1
1] N SILTY CLAY - MEDIUM [ 1
| As13 STIFF BRAOWN. MCIST el 5.0 = &
C ] N TRACE SAND 320 pl\ ‘ TILL 2—1
N CLAYEY SILT - VERY STIFF,
- 514 N  BROWN. MOIST. TRACE < b s h
- SAND AND GRAVEL M5 [~ 345_]
LL] o] SANDY GRAVEL - VERY \f
| 215 IUsl oewse. BROWN TO GRAY. [ o] ey QUTWASH DEPOSITS —
] L 24 MQIST TRACE SILT 170 Ly U"]‘
- s -u:ﬁ 134 /1a ¢ LR B o Ty 2 —
0 © — !\'\ CLAYEY SILT - HARD. ..
417 T BROWN MOIST TRACE FINE T L] .
[ ] ,p‘“ GRAVEL i BOULDER AT 405
1
a6 {48 Y 430 430
TOP OF ROCK P1
- SHEET 1 OF 2
N - -
i BORING 130-CT-AS-7A
mmsd CROSSTOWN INTERCEPTOR
130A Y ROS68
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PROJECT ID.: I3QAIIE GCI

GEOLOGY FIELD ORTA LABORATORY TEST DATA BORINC MO, . 130-CT-RG-07A

GRODND ELEV. - 1.7

- [T,]
- - DISCONTINUITY DESCRIPTION SIZE - w NORTH COORD. : 101925
prd “ o = x F Zzzza = g = Z
O | STRATIGRAPHY LITHOLOGY DRILLING =~ I 2 - “ PV ge— " z ¥ 7 ] EAST COORD. : 2542002
— 2% w* 5] .]e £z F3 . 2 AT — FIELD ENG./GEQ. : P 6. STEERMAN
T 5. | 2@ | zz (8|2~ 2 | B - sl 8% | w |-
z ] wr - -
T|ac uy Se - = 3§ = = o jo > ~|ure|n o lax] Y W | | T |ORILLER: D. SIMIBALDI
=l > o & =9 8% ne g|lol= wlewl B850 EAnGT|w S8 |20] gu8 | B | S|~ |oar secan n1s1sam
ajw]8 P F DESCRIPTIO « S CORE BPF =2 ae® = 2 FER 818 ]g3|%z £z ES R ool F oy et 3ks | . lw]a
wlals 3 :gg = g ¢ " 22| o w|recoverr | Roo o1 | cwp s E° lorzie T8 w3 : g =¥ 35|28 5Ez Eg%: G mmbrm |22 [0 | E[]W DATE COMPLETED. 1171671382
b= " LA - - - =]
Olwle |38RE<] 5 §3(£9],,. " € [ao®2%, ., 2jis1% £= ! s g g, W 4 ==8 EoE[@5ESa i g rwimnliees| § || O
sol-sa = | ! " T 55 o -S.8 |50 ] NOTES
21z l.| B TETITRRTE [0
$6.0 C|la|w B5 I3 ks ’ h s 3| - 100 OF ROCK AT 43T DRILLED wiTh
: — x =z DOLOMITE LIGHT GRAY (LOSE TO MEMUM BERQED — = . o 1 . L
10 I @ —_ 1_1 wiTH OCCASIONAL ZONES OF NUMERDUS VERY TMIN 3 == 1 - E [] 1 E] H -1 TARI.LONE TO 450 aAND SET CASING
5.0 3 g E .z SHMALY PARTINGS K == . H ! E H 3.0 | 2 PACKCR TESTING USED A SINGLE PACKER
= = & 111 = - P 5 e |sze . 161 ANAANGEMENT TLST INTERVALS WERE 470
niz <L 150 AND 820150
150 1-15 0 y i 4 150 == | Moef 8o

SOTIOM OF BORING

- SHEET 2 OF 2

- TN
aa BORING 130-CT-AS-7A
l'I'Il'I'lSD CROSSTOWN INTERCEPTOR

130A11.50099
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GRS

RIS R

o
@

>y 7 PROQJECT NAME SITE LOCATION ' BORING NO.
WA @ Menomonee Special MIS Improvement Milwaukee, Wisconsin B-1
Wagner Komurka |OWNER ARCHITECT/ENGINEER SHEET 1 OF
Geotechnical Group, Inc. Mihwaukee Metropolitan Sewerage District Metcalf & Eddy © !
SAMPLE : ) UNCONFINED COMPRESSIVE STRENGTH, TONS/FT®
. ELEVATION/ 5 SO""/ROCK DESCR'PTION 5 9 ; {*BY CgLIBHATEg PENETRDAMETEH)
DEPTH, £« z £STATION: 75+ 96 feet OFFSET: 1 feet Right 3z I P— > .
FEET E wlo 8 NORTHING: 383,386 feet EASTING: 2,543,683 feet "'-‘é S'r;c LIMIT, % WATER ‘u TENT, % LIGLHD LIMIT, %
2
2 t W)Y SURFACE ELEVATION: + 20.0 feet (MMSD Datum) @ V STANDARD PENETAATION TEST, BLOWS/FT,
- - 20
<0 0 PAVEMENT: Asphaltic concrete, 1 inch thick A
-+ {Driller's observation)
A 1 |8 PAVEMENT: Asphaltic concrete, 7 inches thick Y
{Driller's observation) 170 30 | ' '
T FILL: Fine to coarse sand, little fine to coarse =
4 gravel, trace silt - brown, 10yr&/4 - moist - ' '
2 |ss loose - F {FILL; sp-sm, sw-sm) Y
1§ —1—5 FILL: Siity fine to medium sand, trace coarse ]
A sand & gravel - brown, 10yr4/4 - moist - very ! ‘
loose = F (FILL: sm}
e 3 |ss v
=~ ~
£ 72.0__8.0 U~
FILL: Fine to coarse sand, little fine to coarse .
. gravel, trace silt - brown, 10yr5/4 - moist - ~
4 |ss 4 v ,
dense - F (FILL: sp-sm, sw-sm)
10 ——10 - |
4 |
L 5 |58 _|_ N
Lt /|
ED 6.5 13.5 » ‘
-~ 6 |ss Silty clay, with silt seams, with silty sand ' s o"
seams, trace sand, trace gravel - gray, 10yr4/2 ;ﬁ
5 —t—15 - hard - LF {ch) 45 155 i
~ Silt, trace clay, trace sand - gray, 10yr5/2 - wet ‘ H I
L 7 |ss - mediUm dense - LF {mi) P
L 1] 2.0 180 S AN
Silty to sandy clay, with silty fine sand seams / AN
~- g lss and pockets, trace to little gravel - gray, 10yr 4/ / N o
2 - very stiff to hard - T {cl)
0 =—4—20
i i
1 x
A4 8 |ss / Y e
A / /
T | s s |
10 |85 » kN
-5 == 25 . 55 255 \
_— Fine sand and silt, with silty clay seams and & \
11 les pockets, and fine to medium sand seams and o v
E pockets - gray, 10yr4/2 - wet - dense - LC (sm, }: \
4 | mb :
T 12 |ss Y
10 40 -10.0_30.0
) End of Boring.
Boring advanced to 12 feet using 4.25-inch-1.D.
T hollew- stem auger with center plug; boring
1 advanced from 12 to 28.5 feet using 3.875-
inch tri-cone rotary bit and recirculating driliing
-+ fluid.
15 =1—35 Boring grouted, and pavement patched, upon
. completion.
-20 40
THE STRATIFICATION LINES REPRESENT APPROXIMATE BOUNDARIES BETWEEN SOIL TYPES; IN-SITU, THE TRANSITIONS MAY BE GRADUAL.
DRILLING COMPANY RIG/HAMMER FOREMAN BORING STARTED BORING COMPLETED-
Badger State Drilling Company, Inc. D-120/Autc Dave Cruise ) 05-15-02 05-15-02
WATER LEVEL(S) INSPECTOR(S) APPROVED BY PROJECT NO.
CJW 01023
Atacnment £ - Page 5




GRDUND ELEVY.: 39.1 PROJECT ID.: CrOANIE.GBY BORING NO.: CI0-05-CTI/4
NORTH COORD.: 3851583 FIELD ENG./GEQ.: K.R. CHRNG DATE BEGAN: 10/20/1901
EAST COORD. : 2544133 DRILLER: R. ST.DENIS DATE COMPLETED: to/21/190
w W g UNCIONF INED
P B S R ;| S [PEMETRATION | hwior s 1ve
o E L - 1~ | RESISTRNCE CONTENT REMARYS
a8 EE g g g DESCRIPTION W | M [BLoWS/FO0TY| STRENE™ | (peERCENTS
= 8-k~ 2%l o 3 ! ! 199
naj e | BORING DRILLED
USING A CME-7%0
o s Los?ffv ﬂs"‘?‘“l;" :01-;‘5‘;5" < {.. ROTARY RIG. TRI-CONE
B ROLLER BIT. AND
- - BENTCNITE ORILLING
% 50 / FLUID
a LOOSE BROWN CLAYEY * a
-7 SILTY COARSE TQO FINE
- SAND. WET 15 |
G < a FlLL -
ST |
]
- % LOOSE BROWN FiNE 4
L SANDY CLAY & SILT TO l
- - CLAYEY SILTY FINE
B o SAND. TRACE FINE oz N " CON:-::ETE T?A? |
1% GRAVEL wET 4 m?'ﬁAi ol:ifl._uuo o
L s Y 4 ATTEMPT BOREOLE
L N WAS AELOCATED 80
18.0 \ I SE. 180 ¢
- e Ta o T
0 ) (B N
10 -{, MECIUM DENSE TO VEAY /
PP BLE DENSE BROWN SILTY © 1
- »'  COARSE TO FINE SAND. - ALLUVIA ITS
- e SOME GRAVEL. POSSIBLE
L 1] COBBLES AND BOULGERS. rpos ¢ —Z RECOVERY 59,
L - L WET
) i3 30 304
E— J Q 'y
~ =1 s \ ™
LB § HAAD GRAY CLAY & SILT. Iuh 2 —
\ SOME COARSE TO FINE .l
SE R \ SAND. MOIST Z 1
I BE i} \ / Py
(" 15 \\ 5.0 v N, so¢
_
14 .\ b
- =1 YERY STIFF BROWN SILTY | ! ACQUSTRINE SILT & —i
- 88 \ CLAY LAMINATED. WET ’ 4 L IT
o |- \ a s
© N wo ~ P oy |
[ sis NN 10§/52 § F
s % 12 ¢ 4
™ a8k
P i‘\\ HARD GRAY CLAY & SiLT, 1 4 4 :
- \ SOME COARSE TO FINE a TRL 21
- § SAND AND COARSE TO \
— FINE GRAVEL MOIST \
1o b
A1) 19 \ 11(0
137 _u n- “\- $3.0 430
TOP OF AOCK
(LOG CONTINUED ON
NEXT SHEET)
- FIGURE A-8 SHEET 1 OF 2
B A
valldlier BORING LOG C10-5-CT3/4
mmsD CT-3/4 COLLECTOR

Attachment 2 - Page 6
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GROUND ELEV 2393 MMSD
NORTH COORD.: 385.153

PROJECT 1D Ci0AIE GBI
FIELD ENG./GEO KR CHANG

BORING NO : C10-5-CTV/4
DATE BEGAN 10-21-81

NOTE.
1) WATER GAIN OR LOSS
2) AMOUNT OF FILLING

EAST COORD.. 2544132 DRILLER: R ST DENIS DATE COMPLETED: 10-21-81 3 DISCONYINUITY SURFACE
DISCONTINUITY
S TAATIGRAPHY LITHOLOGY DESCRIPTION ' SEZZ'.EZ]
_ BEDDING = Fos
, z SPACING | JoinTs |2 z1< voi [z (- NN
W 219
: < E S8 eneacs | T FRR 5 E =12 | [olz]8] 2| | memanss
@ sla|%| |4 DESCRIPTION %le S PER FOOT o | "m0y |8 g E13 JeelE & € Lo
€~ = = e wiw NO). @ I|w < J|= l-l-lg
ANIHEHEE (5[ " lerEs AR R
e ai0juwf{dfa - A 2 48 S - @ qa; 9& 88|||LH
DOLOMITE. LIGHT GRAY, b o0 dosk 1o # SP1IT INNER COHE
FINE-GRAINED HARD, 2 jot o5y % UARHEL NOI USLD
z OENSE TO FINELY VUGGY. <1 of? 2 PR Ia oy
Zl%tw CLOSE BEDDED i ¥+ alslalad sl N A
‘E [r ol 4 25 [;} 4 |es g x 3 [n %
xlLis BROKEN ZONES. 350 - 558 3 - s £25: P YT 2 s [ P4
219« 660 - 830 B 44 s |u|§ ' 5 [w f
52 FAULT GOUGE 815 - b Sl NI HEEEREZ
¥4 630 ANGULAR ROCK gl K £ Ve leta] I 5 2
FRAGMENTS iN A i ’&L,;g iy 5 ki Jfnelola] |4l |s %
SILTY MATAIX B i & B z § HEF /]

A

830

e

BOTTOM OF BOCRING
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FIGURE A-6 SHEET 2 OF 2

BORING LOG C10-5-CTJ3/4

CT-3/4 COLLECTOR
C2z2a11 ROOYT



- 6 W53

B e v % W v . . o

Fe3e L6 (3S,)
Wortheast Bridgze

1948
60

Co e 1965 to 1765
5-5'3-'5 o }»705 to 15.5

121625 | «0aS to -2

m\nz:"wfw%”i"‘?‘

1$60-60—60 b8 0 =705

« : §
- 4
- s Sp— we e g e -
ke : ‘
g « H
o e P, g -
+ .
| B
e A oo
.
3
B L L T
- - A — o -
B WL R e % T AR - e 4 an Ep R
R Ry W s e ae e Seene@ame e e ke D o IR p T
RBNIR e i G e, e AN < .5 R B P G ke w0 W A s WA O G R BB B e % e

15506060 | <55 t0 wbe5

|52 155 te 18
??"3?,"?’7‘?5“ 1945 to TS5
1541815417 koS to 205

Eante" oot Symresswey , Wilwmkee

Coil Testing Services of .'Iigcomin. I.nc..,...,.w.,...y

L T e e o S e
o -

-Spiit L=< -

2%

-

e e

LIRURN

H
T IR SR e VO

0 to 2 Loose Brown Silt = Some Topsoil,- Sand £.Cls
2 to h " M FHIl - Some Clay, Mises

A

Lto 6 m % Medivn Gravel = &m?%m

iy i oo

10to ® Mediun Dense Yellow Coarse cmm"s’ st

L o R L b b el e A

15 to 17 Dense Yellow iown Coarse ® % & #

6 27.29-37-42. .l $a =26aS ‘3bto3f v w . B, m @8 ®

i

¥

R ot g oo i

. 20 to21 & w Grey .Coarse Sand = Some Cravel & Silt
! 25 to 26 Very Tough Gray Losm = Seme Cravel

e TR TRN o

26 to 27 Demse Medium Gravel & Some Sand & Si3% ...

6" 1922525238 <1065 to «l2,5 30 %032 ¥ Crzy Mixed Gravel & Some Sand

RS- Rl i

e o o RSt A

5 - won

i .

» s o o o B B o - PR RRSHRBIE
v

K -

¥

- s -

e e e ¢ o A e o A e S IR AR R R - MRS . ARERESEING
e R R PR o P — A e SRR R
RO, e - - - s me——n—;-m
. Rt . o P —" mvw
. ﬁ.
o o a2 o . s * - o




. . Hastedest Cipresowmy Milwaukes
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1 6 12-36-1,0-37 =7.5 to =9,8 25 to 27! Dense Gray Medium Sand % Gravel-Tracs Si}

8 7 | efusa1 12,560-12.7] 30 to 3042 Dense Rock Chips = Jonor ot Gray s1lt &

2 8 Piazmand B&m e g 2780 ~1Led. 30.2 %0 £,2 Limestone Poulder

P

Remarks g ;

ot

Attachment 2 - Page 10 .

Siped R. F« Horn




Poration -
P ARL AR

o St il s B s

Date o7 Joundlrn 6{2?/53

L S

e

r ¥ e P
o R | Easteliost CGrrescenyv..

.
FRR XYY
R

L Milzaukes

S T S ENIISE A, B -

s

- .

N H—

[ —

Yo FeSe M9

Northeast. Tridre {River)

ot

Mo ]

rocation

[ A
93 SR

. s ot

PP ——

oo « L4 v
Loy £ -
e P

PR

RIS SR ??8

[

tavpe ™, V7

C G, 2 35
2%

s

3

"""sﬂl“.‘ : "' |

i ¢

. -
Tiw B

i h

oFalle 33

o Feld Clossification

Lioasinas  “uy. -+ Ko e
e e e e
. . e e e o e e 1 S
4 LIRS 58 s TR & R 4 .
S&':;ﬁ.ﬁi b ooy o g . )
Ne ¥ veper VUGET T s, $rdan e |olepth
!
E - 1162 to %6dd 0 -2

¢
¢
§
i
!

=

9;11 to 7eb

Ry

2 =k

3t to Lol 8 -}0

o

k40 Ll 8 .10

=36 to Se6f 15 = 17

=306 Lom5,6
146

2 LY Y
10 = 20,70

“9a2 10 =Bob 20,7-21

Tough Grey Silty Clay

13,6 to -1hl6 26.26

.

=1lig6 to =064 262745

Lost_Sarple

-2t ¢ :
_.___..i,......_ cJCRET JCT RN T W TG RO S .
- e P —tBonlder. opr.Zedrock-at-2R1 o

P B ; : .
Remarks 4 — - ems i e i+ e
oy
Attachment 2 - Page 11 S3gned L, Re Schuster i
. ‘»f;:‘gvi‘._‘.i

!



T s T AR BRI S B AR

6-2&3-53

< aniine

: I-f'ﬁ»”f;m,

Eastmnest fxxxnmsow Lk

homw

Hilwavkes
Soil Tes—ting Sawiess of Wisconsin, Ing,

e e T B Y B . T A 9
. - - e - . B o v et .
PP AN - e we  a  TIILNL R AT II e W_

i XX N

Hox'bxwast. Br&d{;gm .- Wm .

crom i g;,o :
P T S

.
: !
. i = . A B
o SR S ) ST
L I s g o e 3
. o - :
e & A »
J3l aee e Slen o St
s Lm0 e R Sy PR aadht Lt
. §
i “!
I3 e .
g

B et

5-3-3-3

o b wsser
o AT ST Ao T W IR - por A et

e At 1 7 A 0 €

e O A B Tt i B R e TR,

22.5%0.21..m

o Wm,s-a . "mt.,.gm _to 19
19 to 17

- e e -

. Msxam.;sma...m

. %ﬁfa"‘ m;.,.. i h 2 )
® 2%

a . . e B S R e RS A - e XS e g o

RTINS kS
L

... tleigy

“ivfg“ﬁ’z.;'.. j
.s,mz'xw.sm.&mm

imggg_h§ Brom . "

| hf.oa‘ Ioouﬁmsgtym

Field Siiiestton

i

2
3 WM?—-JI

Tnm&ﬁt&ﬂa.

13 e 1Y m,.to I&MWMWW

b B Rl o 1 wwm‘
l

5tu6

151021 n_» Eine Gl B (Raite Sand

g
,i 3 227-18-21
3

AN

B | 6u18-22-26 |

%Os&" :‘u‘»w

1;' 91,9;.;,13.39

£

f‘*é
.;,3 -

8

-

|
9 A6

MMMW

5. 69—35-%16",_{

-2
-7

mu-ah

te 1

PR TR

to <l
%o -,

3 .

,mwzz " " Medium t%"&wd-

Sand & Cravel
‘25 %o 2‘! Very, mm,mwmmm

- Coarse Cravel
30t032 mmmmmm

rdpan at 36,5
.35 to 37- -884fF mq.,myﬁ m&mm;__..

w

’p"m%,,a

i
WIO.,_,W,W.LM 7.1 Dismopd Pl 1 =iOeob0 =i JZe2 1O ML _.__'_
v 3 N -
ol lw w e .39 to =22 } mwg&_ﬂm*gqurmm :
i L ‘ 3 ,
fg 8 =m m w22 &0 ..gh‘sé IS to h?.g « 8 w =

' : ! s PR .w._.j.,‘ v 4..},,» s - it  eiian

f o phaB Rt e - ‘I‘
. S —— -
A%

. 1;

Rg FQ ﬂﬂm

Attachment 2 - Page 12




E
o ILL N GEOLOGY LABORATORY GENERAL
:| DRILLING FIELD DATA
3 TEST DATA NOTES
|z g
w O — t:
sl B4 @] z Q “ 5 - =
T : § Zw o ml': PENETRATION UNCONFINED PRESSUREMETER (T.S.F) o 5‘59‘5 WATER eyt ._g g < COORDINATES € 7 343 708 N 183 286 /0y
E > |52 COMMENTS ?: ; g:f DESCRIPTION RESISTANCE COMPRESSIVE :m L, CONTENT ;Eé g,i 2l GROUND SURFACE ELEV 737 /)
Z0a
w B :g E% - D§ {BLOWS PER FOOT) STRENGTH (T.SF) Po= Pia Pi= Em ‘55'5 é;EE (%) 8;; 8 %ég &j DAIE BEGAN $27.80
OJw({zo na O | © 1020 30 40 50 =50 10 20 30 40 50 4 B 12 16 20 24 28 32 36 40 44 48| 200 400 600 |O- | 9 ZC% 20 a0 60 80 |555|E3[63%] O | oare rnsuen w0aa0
= ~ RSPrALT TTTTTI T T T T T T U ]I 1 FIELD ENO/GEO TM JONNSON S FRADKIN
. 5 1 ¥ . N A
5.1 P [5eom 3£Ll:v_ 3::?; :;gw?f :;Isr? - | CONTRACTOR ATEC
“wr . SOME FLLID LOSS ., i 2 TRACT MED GRavEL o '-—-_._.'-—._._‘.__,_ 302 M5 | 3 |
\1‘\‘\\ .-
B AYEY SI B
=0 }\ L T g // NOTES
L ! 1 THE BORING LOGS AND RELATED INFORMA.
37 - 00 2 TKON DEPMCT SUBSURFACE CONDITIONS
S N 1 H] OMLY AT Inl SPECIFIC LOCATIONS &ND
B DATES MOICATED SURSURFACE COWDI.
Y S TY CLax . yLAY STIFF TQO \ TIONS MAY DIFFER AT OTHER | OCATHONS
e HARD GRAY MOIST TRACE ‘ 3 THE PASSAGE OF TIME WAY ALSO RESULT IN
- GRAVLL \\ ;o(;)’-Anqs |:T!H[ COMDITIONS AT THESE
£ o 2 REFER 13 BORMG L OCATION PLAN
REFER T 4
. ora wr e ) t:G:NDO GENERAL NOTES SruBOns aAND
DAILLLD wiTH TOP OF AOCH AT 132
TRICONE AND SET
CASING 10 377 I |

AEVISINNS & 1.3°-8) COCRADINATLS CORRECTFD
A 5.4.0% DaTUM CHARGED FAOM wSt TO WMCLY

- FIGURE A-15 SHEET 1 OF 2

4 BORING LOG 130-19-CT
mmsd CT-3/4 COLLECTOR

C22211.50007
Attachment 2 - Page 13



- o
- ¢ 3
N 2
W b= 2
g
Z0 ?
w2z a
[ 4
o
o :
I
o
w
X
re ~ -~ ry o~ ™~ L] ~ L] L L ~ L] bl ~ L] L] N L ~ L] ~ L] ~ Ly | ~ "~ ™~ i~ L] ™~
Atv H1ld3a|: = - = = = & - 5 & = 5 5 & 5 a ~ . - = P =~ = - - - = Pl
~ - -~ e = * 0 z r 2 = = 2 R o g 7 & 8 £ 7 £ - - 2
-
. T
c3
3
34
- ¥
-t H .
o z
.. . -
< e e _
C r,.1°
ls HH-\ .
~d3
7, s
> (5 W I
- —— T e )
TO e ~
© h“ ‘(r\l\.r\ll\l\/\)l\.r\
Q Ty

- e
O 28 g
(V1] el® ¢ T i = e e —

S 1. i

O R
. }}}\I‘l‘)\)‘\‘)\‘\{{;

-
3 %ﬁ)ﬁ\}lr’ti{;\l\il}{
o ! A ey . = =
51531 wiIHIO w w o w w - w - -
Vl 132d} ALISNIQ -~ ~ - ~ - - ~ p ~
o A QLA -HIY 2 1y 2 2z 2 s - g -
a -~ -

H = ] g - ° )
OA 15d’ x30N1 |2y z s = T w m - =
- avon . - - = .

- ~ - ~
AD INIOJ “ m = s g 2 3 - 5 2
o
A a 0
c b= 3nwwa onnoEIy ¢ o - ale al /| — N . &
Onb priveni [ {4 B E bt v —de—o—% ¢
B_ f 1QwH3s Bl — = - ) H B—
AT {15d! m o w m " - 2 =
» H] k3 s e -
- HIDONIWLS FTSNIL b ~ g R ~ ~ ) -
1,00 " /Sa? H1ONIWLS e ] 2 g 2 g 2
. e ] e 2 o g
INS8Iod MO )
I O 3 H 4 LA M % - H
$13A71 yILvm s L [~ 7 _
ONV SUV13a \
NOILY1IVLSNI e ¥ " \
H313WO0Z31d |, \p .\.m \\p L8 ) ,
27e - "ONOY LT LEL] CEEETEL] L) -w - x "I ) - ] "o mREE n oM o < T 4
2 19 | %006 ..o_nu\uu. - e eMEMKNE E MR LR T - " x n ow w oAmow oo n kmamm " L MR KA M MR e
- - — — —
I e ry FETT) ] = - ~
5& bl TIE) " = = e— e ——en n — e M REANA S = -
mm M Vi oD - ™ . . " PRI n -
Mm ¥ | jmnonr T = ' - W FECTTIT - - -
n....._“ it ad ELY % mE mEMRuM wuRARRMEER - - W 0 L] m mmm M o T m o= ] -
b4 S e O LY VIV P TV vuw  uw v w vw u vy [FpeIeie] Y LI LT - - "
‘e »ufooo R o8 2238828738082 0%0 S22 %% o H go o e 282 oo e 29292 8 %2 000000000008 o0 cooe 3§32
1 eu0D)8 g0 1 Lur [ees 4 B% mmnpnnassasaSae 2 e - ~ ~ & = ® "+ @%@ aamen B ~+ = eedseteasa- a6 ases ==
3
IN3INOD 3 - -
INO0ON
3
1Lu3rd —
mmm— 2 . . AT
“ —_———
3 0 .—Zu.:%.u w A RSSN AN . i
- A -
oL SIS N AN |
3
H e . .-
L4 § u3id - o -
- ¢ tonl siniof . - .
A 00 e . =
oo oL - T -
(13) OMiowas 0 0" — . XN, S—
0 OM0a39 — o . = LW
4] BEEYEREN RN . A REEH TN XL ENNNEER: FEaE . S LR AL ELEN aEsiLE a3 P BL el c o ger T o a e
o s RN A
o % ] r
- % - . -
_l.o N -
a v - - ——-F-4—f 3
- 82 + —} - — g1 . “ .
— - i N X o o3 Sl laat A R G ERERE] KRR PR i i .. B R wq‘ﬂ»_%
F N M FEETEESE B R A TN A TN s PR R TS A - ik owt B ] 254
o wsvﬁwebs R ST EEEEEEES BT el SN A Y R EEES EEE Y I v ERREPE) IE
“ m EAAREREE FRFEEE Y RN T T EEEEAE BN e FEET T T AP PR LN Bt S
P YT EI K . W R PR BT EY S T Y e FH NEEEEEEE e
%) 7 2 S T I XA P Y DTN YT L RN Y I TS | PR
> ’ IR A R SR EEEY AR Y EEPETET FD T M S S i tn oo Rig s
5 o W PEEESEYY IR ER Bl NI (Y IT SR PN ST BT T L T . m%.,gui
] Q 2 AR FRNEE 2R DEE AL DI TS T T PO O Y R P ot Y YL AR Y] CLE LU TN R L Ty
o « EEEEEESE ERERGE MYRERTTE IPRETrs B VIR SRAETER et BN EEEN PISEEEE EEE T PR I L IR KRR
QO : g AT et I I S T l&b.ﬁ&uﬁnﬂﬂ,@ﬁ.ﬂ.krh [ L P T T Y R R ST YT R
w g AR FPERTTEY EEEEEER] EaCRIEe ST SR W T A i TS T G ey L i PRk
m_m Q T R N T BYrral s HETTT LTS TS LN R T R s afane B T,
WMM P Ll ] N Ly I R EEEET R BRSOy PR B TS FPPLEYES i & [ T § T e o n
- SR R TR SRR AERISED FRC TR SRV TS rRrar sl FETURADS SRR G ey BRI S
SS0O1
H3HOY
SSOUNIYD
ylivm
ks H » - 5 - * hi - - - ° h - .
(das/wa) ¥ ° L o o = H o o o o = o a e ©
S1S31 HINIVL . - . . . . . . . . . . . . .
-~ ~ - ~ - - ~ - ~ - - - - - ~
- o F-Il—l-'l ~ - -
Zwn s[rQ ~zwn o] -9z, ° - . Lw -
JEE Bez Sfudduoo. g Ztxsl ,E. BlL.A 5,02 R AL8ow
wigeo Fg NzEr 237 Iw ) s e 3e_ o SZos%
e ol Lo |EaLce|ed |03 | u5%  BZ SEog T EEL
v < -
4 PN €2oulBf 20385 2% |fg | <e%  [o% o8 HER
> o L2523 mew . OrDmn »3 (88 ~Zz Ta .uAZm... MWAWLE
0] 5 108E mEoolE Pawl, (3ouligul g Fe . 2325 £880° 3
8 o SF° Eo rzEgey namwm Gauuum oW,z wm_ rnmwm vmmmsm
= It T £ .
3 S =7§353 PR 1Y ELTETRE LT (N A g.m137
e - -
> o bt wBELa™ ummu_nm sngfz fuzZlmEE Lz Be 5,80 CEiraE
= FRc] o TwQur o |ne o w I z Sg=
O| ¢ ¥ EEEE 8008 [pEGy” |35 [0 | 335 pF | LB W PEEL
— - - - wr = - - I i -
= FETY 378 B By253 35 (33 58 B2 d°:% 3527,
2 3 r 5 le 2 4] o 3
wx0a -0 [34 LMmmw .M < 9z =8 amﬂw oomCu
- e .mlw 2L [Bo mc 3 mm 8 iz Mmaxc
] 1849 9 I~ THNREE TR 1\ 199 v
RISELE) W \\ M 3 K
(71 1 NN z.m P & L,
G m 11NN Lvm Z-¥m b 1)
a
. NOIL
o “YWHOD S 3NIDVY YHSINNYM ERRITYVT, ]
”.Ilu SThes
[ 1]
< L NYdvYDVIN NVYIHONYX3 Y
X
=
A 30v NYIHNTIS
N - Y - " " w - Y wy " H. 'S = " | ) ) ) ™y - -y
(14 '0OW) NOILVAITA|E = 4 5 3 = 3| 3 & & [ = d = 3 =2 g 35 3 3 1 & & 3 o m z m z m 7
. ; ; - ; T 7 S ; y : b ~ b NN . ; n
tad ~ ~ ~ u) ~ ~ -~ ~ ~ ~ ~ ~ ~ ~ "~ L) -~ L] L) L L) L] ~ ~ - Y "~
A._.n: Hld3al = 2 o= - = Pl .- P, o Iy - = v A P, P i oo
il s S s &8 7 & 5 § 0f 2 H = & R O B ¥ i % N OB R = oy & 3

C22J11 S0008

FIGURE A-15 SHEET 2 OF 2
BORING LOG 130-19-CT

CT-3/4 COLLECTOR

Attachment 2 - Page 14

-520.%".

Note Boring continues to
eleyv.



GROUND ELEV.: 25.7 PROJECT 1D.: I3SD11W.GRZ2 BORING NO.: I35-CTRSIR-1
NORTH COORD.: 383938 FIELD ENG./GED.: S NEIMAN DATE BEGRAN: 7/ 5/1983
ERST COORD. 2543214 DRILLER: J. JOMNSON DATE COMPLETED: 7/ 6/1983
w wlcl UNCONF INED
~ ~lwal|a . PENE TRATION WRATER
. - - - ulBS CORPRESSIVE
> & DESCRIPT 2| ™ | RESISTRNCE CONTENT REMRRKS
wula W Y- ‘g TPTION v |4 teLows/FooTy| FTRENETH | cPERCENT)
rrike) L1558 o]l 20 3 1 [T I | . 1
1%.7] o
- 4% FILL - CLAYEY SILT. STIFF.
s DARK BROWN TO GRAY.
] MOIST. TRACE COARSE TO [CL-
g 15 FINE GRAVEL. TRACE 5LAG |™ ’ o
10 FROM 10" TO 35 '
I 3 s 'Y
n ~ FILL - ORGANIC SILT,
S STIFF. BLACK. MOIST. SOME |et ! § 1L, —
10 FINE SAND, 2° PEAT LAYER i
[ AT 100 100
- s3 FILL - GRAVELLY SAND. |
] VERY DENSE. BAOWN. cA
MOIST, COARSE TO FINE
EmE GRAINED. SOME SILT (g4 ut
10 FILL - SILTY SAND. MEDIUM V/ DRILL CHATTER
[~ o DENSE. GRAY. SATURATED. :'.'" L~
- SOME_CLAY 178 9 1759 |
—_— Al
— — b
10 54 Y 4
d cLavey st - veRry sTIFF.
- st [N GRAY. MOIST. TRACE cL- # TiLL 2 —
5 N GRAVEL AND SAND n ; —
- b\ !
T 1 1168 [
TREEN 250 Y ‘ 1°p 25 o_i_
) ) P
B $10 \ f
-1 Q SILTY CLAY - STIFF TO h
T VERY STIFF. GRAY. SAND |, LACUSTAINE SILT & —
3o |sT? \% SEAMS \ - CLAY DEPOSITS
SR 1R \ \ ] h
] \ 330 no_}_
- s 142 ¢
13 Lk
-10 ‘;—
[ T2 <] SAND - vERY DENSE. GRaAY. dh 4
i  SATURATED. COARSE TO
- 4 M FINE GRAINED. SOME SILT. |50 OUTWASH DEPOSITS —
o |5 o 27 CLAY SEAM AT 0 q 4
A
. s j 42 T0P OF ROCK
L 430 . 430
TS S g 2 BOTTATE e ,l -Jar a0 BEDROCK QY
436
SEE ROCK LOG

Attachment 2 - Page 15

SHEET 1 OF 2
BORING 135-CTAS7R-1

CROSSTOWN INTERCEPTOR SUPPLEMENT 2

135011 R0D7%



PROJECT 1D.: 135011wW CRAZ
GEOLOGY FIELD DATA LABORATORY TEST DATA SORING MO 135 -CTRS7R-1

GROUMD ELEV.: 25.7

- 2 - DISCONTINUITY DESCRIPTION $17€ - ] - NORTH COORD. - 147938
- [}
O { STRATIGRAPHY U ITHOLOGY ORILL ING = g, - : B zZ. Z 22 - 3 $ % o EAST COORD. : 2543114
— gy “ - I =z zy - g -] Ay — FIELD ENG./CEQ - 5. NEIMAN
— v ZZ | 8 - 5 e z w i - ._3 - —
Tlc 5o gy I, (a8~ 2 1] o] 22 legtinralE | oz 1oE| Sred | I | o [orreer: 1 somson
w [ w o w ow z 4 w o o o) -
= ] -2 @ » na 3o = w5 k441 el o3 % |4 X — Jon b
o |G sls g 3 3 come «2 - slg|=1 ¢ el B8 |o2|5E] ¥35 Roo|ss~la | 852 |az| a¥a | | ol Y Bl e
] el B AR gs v | £ OESCRIPTION £ 2|« o |recovenr | roo cas w 2cs. eS| L2 glel B 38158 SEE §&E‘ g&?: 2% p- |2l c j o | 2| J|W OATE CORPLETED: I/ §/1903
8 = ] e = a = w e fO0 | S
Oojlw| & 5832 5] 3 §g(g8 gsogyeg | € .“':;; ey 85|35 g ! $ s g oy W] TEE ESH[ES[E2 bereal S s | 5 W | O
LI BEN] L L 1y hg et 0
r = h H NOTE

z| = v g " X f T 425 DAILLED wnTh
533 L | w > COLOMITE LIGHT QAaY DENSE MEDILM BEDOED = ] F wol ' I;?:cg:e 2D e CASING TO 450

= = > wiTee OCCASICNAL ZONES OF NUMLAOUS VERY THIN I8 kN PRIGA TO COR'NG

x (a8 L} _ﬁ SHALY PARTINGS OCCASIONAL SHALE LavER F 8 ;E -
£0 ) T O - i H i ; ', 5 : R == o4 w J85.9

|| T L 434658 68168 == 1 W X —

; "z" o v SHALE LaYER == !i E_u x 2 E

L L 189 StE =3 i 1 R so o4 8

JOTTOM OF DORING

SHEET 2 OF 2
BORING 135-CTAS7R-1

CROSSTOWN INTERCEPTOR SUPPLEMENT 2
135011 50055

Attachment 2 - Page 16



GROUND ELEV.: 24.1 PROJECT ID.: I35D11W.GR2 BORING NO.: I35-CTAS7R-2
NORTH COCRD.: 383537 FIELD ENG./GEQD.: S NEIMAN DRTE BEGRN: 7/ 7/1383
ERST COORD. 2543253 DRILLER: J. JOHNSQON DRTE COMPLETED: 7/20/1983
w vl s UNCONF INED
> 5 2 AL E DESCRIPTION <|8 PFEENSEITSRTH“TNICOEN COSFfRREENSGSTII-IVE CBmE:T RERARKS
Suwlad|t? S v | & [BLOWS/FOOTY| FThe £ h | (PERCENT)
A S oo a0 so | 2 s e lie 0 so
e T T
da.1| o " v | | : i ! |
o 4 * i P
w| T FILL - SILTY CLAY STIFF A J DRILL CHATTER
BE TO VERY STIFF. DARK e d THROUGHOUT
.5 GRAY TO BROWN. MOIST  |cL -
I 10 WET. TRACE GRAVEL \ )
L ds -} 3 ] ool O
- — = K9
o ] s 2 100 < [ 8 I— PETROLEUM ODOFR
FILL - SILTY SAND. VERY i
B 55 LOOSE. BROWN
I~ i SATURATED. COARSE 1O
S '\ FINE GRAINED. CLAY f
18 . ) POCKETS \ |
s |58 \ 125 ! ! PHENOL ODOR
— FILL
- 7] FILL - GRAVELLY SAND.
- . 58 [2%] MEDIUM DENSE TO DENSE
CL BROWN TO YELLOW.
L SATURATED. COARSE TO
| Jee FINE GRAINED. TRACE SILT
= — |
n —
| 25 |50 L
i 511 a : - ACD BOUNCE
- — FILL - SANDY GRAVEL VERY | I
T DENSE BROWN. SATURATED
| 1] COARSE TO FINE GRAINED.
1 |52 SOME_SiLT 00 ]
B FILL - SAND. DENSE. BROWN
617 | TO YELLOW. SATURATED
u I COARSE TO FINE GRAINED
- SOME SILT AND COARSE TO 335¢ |
-10 . N FINE GRAINCD GRAVEL
1% G114 \ \ 115 e B 3
SANDY CLAY - HARC.
B b GRAY. MOIST. TRACE « ka o0
- flL\\ \ GRAVEL s/ ! ’
L4 !
Fo o Hs k SILTY CLAY - HARD. GRAY i }a_g‘n TILL
0 % MOIST TRACE GRAVEL —+ ,'; -
AND SAND colal
+ €17 \ e sh 4 i
- 425 4?3]_
-] T] sty sanp - very penst ! e e
-20 Fog Joary 2 - VERY Lo 1pase g 425 10 462 T
«© L ;"] GRAY. SATURATED TRACE |im . : g'_:;Jpév:f; B
- WEATHERED ROCK i I : : =2
221 |a¢.2 Lsyg 40 62 4043 £6
TOP OF ROCK I |
1
i
i
. . .
] I L ' | | |

Attachment 2 - Page 17

SHEET 1 OF 2

BORING 135-CTAS7R-2
CROSSTOWN INTERCEPTOR SUPPLEMENT 1

135011 ROC19



GEOLOGY TORY T T DATA PROJECT 10.: [3ISD11W.GAZ
FIELD DRATA LABORATO ES BORING MO . [35-CTRSIR-2
CROUND ELEV. . 241
- - - DISCONTINUITY DESCRIPTION S1zE - b NORTH COORD. . 183537
- ) = = s
- -
& | sTRaTIGRAPHY LITHOLOGY DRILL ING B - z . LY - z g 5 =) €RST 00RO . 254325)
- x * o F
— 2% wt sl-1° TE Zg . o z - 33: — FIELD ENC./CEQ.: S. NEIMAN
— = i3 - |81 5 % i & g olE BRI b=
T|la e ae = ER R = 25 | | == 4= - . &l Sw - DRILLER: J. JOWNSON
~ A - o o w B W - a2 = | B= o 1] R zgw (2-] ¥24 o jon Ia
a. =15 wl . = S o3 = o g|ofu o o] Elak Se FREaCT 9% [Hy| 3BT | B | > | |oarE secan 7/ 2/1m)
w el B B 2E=| - | DESCRIPTION T I s apr 95 -al - 12| = z HE ¥ $5|£8 Efi‘ 4 H Il Rl 8o o | WO foare comemo. 2s20190
| x B.=225] 5| & B S| 5 0| Recavery | ROD te) MO &7 Jaercre Tl | 5| w2 c 3 clec| SWE CREBTA T |0 m o |2E| < I- flolw :
OjJw] & B83x(2°-1 3| 8 €582 £, fa” H e |z|3 £ ! ! g Wy W] 28 556 ajee | g S lsploee: | o Jwl O
4 o 2
B3 e j/l H $ [ E R . | ﬁ [ORD EXREN =41
i n a -~
LI i X i. : } FEEA S | 5.0 |1 TOP OF NOCX AT «40 OAILLED wilie
== T | ! - 1 ; ot i ]Qj.u.é -3 *AILCOME TO 310 AND SCT CASING PRIOR 1Q
Z : i g H il oy CoRING
113 T T ! a Bt 1 3 Wy g5 i ' [
Z 7 R I H ) 41 e — . :
< i H H ] 4 7 RUN '362-1590 EXTENSIVE MECHANICAL
III . fi“si a @ BHREARAGE BPF DATA NOT PACSENTFO AQD
" " 7 K ] i ; ; & : E i iepyr e 11.0] WOT PRESENTLD FOR %-FOOT INTERVAL
bl ——r ' X n 1 1Y) CONTAINING THIS AUN
s i - DOLOM:TE LIGHT GRAY. DENSE. CLOSE TO MEDIUM t H1E B H
. E m— GEDDED Wikt vERY THIN SwALET PAATINGS | B ' . wi 6|3 aun 3901880 TOP 12 OF AUN
OCCASIONAL IONES OF YEMY CLOSE VRREGULAR Seaqr 1ot Y 2-: E H 1 H APPARENTLY GROUND UP 08 DATA NOT
[ v PARTINGS - PRESENTED FOR THal PART OF RUN AOU
101 3 @ 71, H ' . 101.8] WOT PRESEWTED FOR $FOOT INTERVAL
- s 4 ' : E 1] CONTAINING THAT PART OF AUN
0 . [—
i H [ 1 a
1y L ozate anl s t H [}
i H ]
o Z.' : H 121.0
Nl T L 1T
“ 1 H H
‘o , o ! . ! i3
— 1235 1o« 0 1 :
T ' DOLOMIIC LIGNT ORAr. DENSE. CLOSELY REDDLD wWiTh = = ‘ ) Vg 1 ’ ?;‘ tan
-1 e ' Trin IRAEGULAR SMALY PARTINGS SOMmL TO NUMERAOUS = j' : / -1
=5 CHERT NODULES OCCASIONAL COARSE vIGS NEAR . H H 2
L ad £ BASE dn i H J.su
o v IR ! : n ¥ -
[+ % VI 4 M8 IO 1Y . n H H 1
1.9 " o _ :;{C_ BROKEN IONE ] bl 0 el r 1 s - 16:.0
o ! V.l 1623 R & H H 148
e @ o Bz DOLOMITE. LIGHT BAQWNISILGRAT TO LIGHT GRAY aND o ! e
‘ — 5 L] UeHT BROWN MOTTLED DENSE wilh viAY fINE VUGS i !: 2 R : / -
Z 7 MEOrUM BEDCED WiTH $TYLOLITES FOSSMIFEAQUS |, T = c % Z
i c—— 113 3} 1 [} L4
ve e v AT ' 1 : 141.9
il 4 OOLOMITE LIGHT QRaY NENSE CLOSELY BEDNFD wirkw i L] r 1]
= £ WAEGULAR SHALY PARTINGS NUMERDUS CHERT oo : . i
LI T — MODWLES H H 19: 3
Py ot 7 PR 41 . H
s 5= o e 11
o1 .0 ) u ra ﬁ ' 7 101.3
TR Nt W ZZ]  coLoMITE LIGHT GRAY. DENSE wiTH SOML FINE YUGS 4 o181 & * 7 160
= ad A CLOSE TO MECWM BEDDED wiTH STYLOLITES 3 1| f H /
e w = ~ FOSSILIFEROUS . ! / K
g | = sl | B 1 it RERIHE: 1
e = COLOMITE LIGHT GRLENISH:GRAY wiTr SOMF PyURSLE = Zi H - I
I - IONES DENSE. VERY CLOSE TO CLOSE BEDDED ATk = ; . : .1a0 '
—i— THIN SHALY PARTINGS H :
LI Fa 229 3] = A3 1 [
v s - !- H e 131 o
~<r]  DOLOMITE. LIGHT GRAT DENSC. CLOSELY BEODCD wiTH sSak 11t o n il
Ya1.0 o sl IRREGULAR SHALY PARTINGS OCCASIONAL CHLHT 3l o I : :
1i0 L NODULES &NO CLAT-FILLED VUGS = ? ' ti 8
va 4 H -110
1.0 M s 22952118 IM0-200 ; :
- T 7 a4 LIGHT BROWNISH-GRAY DENSE wiTH FINE vUGS . SR S N B 1 H e 94
T [z FOSSILIFEROUS, AR : H
H A L [ -
e e 7302880 . : H 1610
i GRAY AND L:GMT BROWNISH.GRAY MOTTLED DENSE o H E koo fren 64 it LI
a0 wiTH SOME FINE VUGS : i 3
T 714 1 s A . . H 1 [
Sy I 13 .k - H i TERIRTN I e 2
T . ] [ H H
a L v B L] :
i Y9 LT = H H w0
LL_I_ . : : -fe0
.l - » .
Ly o 7 i . HEE : : : s
rd Lz T EWEER j- a . . oo |ime o
1 . Ll 1 L] . 1 .
-0 E ur i DOLOMITE LIGHT GRAT 10 GRAY AND LIGHT ===== H s 0 Al ' ’
148 x| = y 4 AROWHISH.GRAY WUGTTLED WiTk REDDISH-AROWMN i o H ' L
. o —_ /LI POADUS MODULAH TONES DENSE wiTH FINE TO o » i . E L 4 100
e > |- ~5r] COaRSE VUGS CLOSELY BEDOED Witk THIN IAREGULAR - o (23] & ,‘ H
T ey L SHALY PARATINGS SOME CLAT-FILLED VUGS SUIGHTILY Dot Y § § Sym— o 4l .1 ' n: 9
o E L WEATHLRED IN PARTS ' HIE 3 . H
L] a »
nra wl e zr : ? : H oo
L1+ —_— rd 1 4 L3 =130
@ III { o 1 :
: '
byt = L 8] : : -
LT 1o oa it ' o ] H
P
e Z : s / 1o
hes  Jorr -—r uet H H : Y. e
00TTOM OF RORING f ' H [ I ! |
‘/! SHEET 2 OF 2
A BORING 135-CTAS7R-2
m CROSSTOWN INTERCEPTOR SUPPLEMENT 1
135011 50018

Attachment 2 - Page 18



Hole No. MENO106

DIVISION INSTALLATION SHEET 1
DRILLING LOG i
1. PROJECT 10, SIZL AND TYPE OF BT 4" Diomone Grill and 2 Buckal Auger
USACE Menomonee River, Milwaukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (TBM or MSL)
2. LOCATION (Ceordinates or Station)
43 02 18.833 N, 87 57 53.955 W (8’ 6" W offset) 12. MANUFACTURES'S DESIGNATION OF DAL
3. DRILLING AGENCY : Hand Auger
Aitech Environmental, Coleman Engineering 13, TOTAL NO. OF OVER- [DISTURBED TUNDISTURBED
4. HOLE NO. (As shown on drowing ! BURDEN SAMPLES TAKEN i 1 } 0
fitle ond fils numbar) 1 MENC106
. 10
Nk OF DALLER 14, TOTAL NUMBER CORE BOXES NA
Randy Ochs/Rick Scoft 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE 16. DATE HOLE STARTED icoupmsn
(X1 VERTICAL 1 INCLINED DEG. FROM VERT.[ 8/20/01 i 6/20/01
= 17. ELEVATION TGP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > 3
S OE DRILLED ITO ROGK 5 18, TOTAL CORE RECOVERY FOR BORING NA X
» DEFTH o 15. SIGNATURE OF INSPECTOR
9, TOTAL OEPTH OF HOLE 31
LEGEND CLASSIFICATION OF MATERIALS R€8§5 l_:% P?j:! (Drting IimRE"wAuRiKs o3, depth
N had a, ar o O#
ELEVATION | DEFTH : {Pescription) ERY (1) | NO. wecthering, elc., i significont}
e _J b c d . 1 g
o 0.00-0.83 Concrete
] 0.83 T 0.83-2.58( GW, Tan—brown gravaly-sand, moist, medium fo | N/A | MEND10BA
-] 4 coorse groin, subrounded sond, 30~40% grovel.
— 1
_| 2.58 | Refusal, End of boring ot 317 Concrete cored with 4™ diomond drill.
Cament Grout Borghole Samples collacted with 2" hand auger.
~ 4 —
- 6 —_—
- g —
ENG FORM 1836 PREVIOUS EDITIONS ARE QBSOLETE. PROJECT HOLE NO.
MAR 74 {modifisd by GCA 1/94) USACE Menomonee FRiver MEND10B
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Hole No. MENG107

DRILLING LOG DIVISION INSTALLATION SHEET 1
OfF 1  SHEETS
1. PROJECT 10. SIZE AND TYPL OF B 4 Diomond Orill and 2° Buckal Auger
USACE Menomonee River, Milwaukee, Wisconsin 11, DATUM FOR ELEVATION SHOWN (TEM or MSL)
2. LOCATION (Coordinates or Station)
43 02 17.001 N, 87 57 53.608 W 1Z. MANUFACTURES'S DESIGNATION Of DRILL
3. DRILLING AGENCY Hand Auger
Aliech Envirenmental, Colernan Engineering 13. TOTAL NO. OF OVER- T DISTURRED TUNDISTURBED
4. HOLE NO. (As shown on drowing r BURDEN SAMPLES TAKEN l 1 { 0
file ond fils numbar) | MEND107
4, TOTAL NUMBER CORE BOXES NA
5. NAME OF DRILLER ! i
Rondy Ochs/Rick Scott 15, ELEVATION GROUKD WATER Unknown
6. DIRECTION OF HOLE STARTED COMPLETED
16. DATE HOLE
[ VERTICAL [ INCLINED DEG. FROM VERT. 6/20/01 6/20/01
- 17. ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > 3
= ok D 18. TOTAL CORE RECOVERY FOR BORING NA X
8. OEPTH DRILLED INT - 19. SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 3 ,
CLASSIFICATION OF MATERIALS CORE B0OX OR REMARKS
. RECOV- SAMPLE {Drilling fima, waler loss, depth
ELEVATON | DEFTH }  LEGEND (Description) ERY (i) | WD weathering, ele. 1 significan)
a _ b e d ] 1 g
0 0.00-0.75 Concrete
— 0,75 --0.75-2.58( CL, Reddish—brown silty—cloy, low plosicity, H/A | MEND1DTA
_ iR damp, 20X silt, 10X fine fo medium groin sond,
i 5% subrounded gravel to 0.57, most grovel 0.25"
2.58 Refusol, End of boring ot 317 Concrete cored with 4™ diamond drill.
1 T Cement Grout Borehole Somples collected with 2™ hond auger.
- 4 —
— 6 e
-8 —T
ENG FORM 1836  PREVIOUS EDMIONS ARE OBSOLETE. PROJECT HOLE %O.
AR T (modified by GCA 1/94) USACE Mencmonee River MENOD107
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Hole No. MENO108

DRILLING LOG DiVISION INSTALLATION SHEET 1
o 1 SHEETS
. 1. PROJECT 10, SIZE AND TYFE OF BIT 4 Diamond Drill and 2 Buckel Augar
USACE Menomonee River, Milwaukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (T8M or MSL)
2. LOCATION (Coordinates or Sttion)
43 02 16.115 N, 87 57 54.054 W 12. MANUFACTURES’S DESIGNATION OF DRILL
3, DRILUNG AGENCY Hand Auger
Altech Environmental, Coleman Engineering 13, TOTAL NO. OF OVER- | PISTURBED | UNDISTURBED
4. HOLE ND, (As shawn on drowing ! BURDEN SAMPLES TAKEN ! 1 ! 0
fitie ond file numbaer) I MEND108
5 RAME OF DRILER 14, TOTAL NUMBER CORE BOXES NA
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE I STARTED ' COMPLETED
16. DATE HOLE ] |
[X] vERTICAL [ INCLINED DEG. FROM VERT. i e/a/00 | 6/21/01
17. ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > 1.75' a
2 DEFTH DRILLED BTO ook 0 18. TOTAL CORE RECOVERY FOR BORING NA %
. - 19. SIGNATURE OF INSPECTOR
9, TOTAL DEPTH OF HOLE 1.75
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
ATION DEPTH |  LEGEND RECOV- | SANPLE (Driliing tims, woler foss, depih
ELEV, (Description) ERY (f.) ND., weathering, efc., if slgniﬁcagi)
a | b c d [ f g
¢ 0.00-0.75 Concrete
— 0.75 +-0.75-1.75] oM, Groy grovelly—silf, wet, 60X sill, 20X grovel,] N/A | NENO108A
_ 1 15% sond, SX cloy, cobbles.
-4 1,75+ Refusal, End of boring of 1.75' Concrele cored with 4" diomond dril.
Cement Grout Borehole Samples collected with 2" hand auger.
~ 4 —
- 6 R
— g —
ENG FORM 1836 FREVIDUS EDITIONS ARE OBSOLETE, PROJECT HOLE NO.
MAR 71 (moditied by GCA 1/94) USACE Menomonee River WENG108
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DIVISION

DRILLING LOG

Hole No. MENO109
1

INSTALLATION SHEET

or 1

SHEETS

1. PROJECT ]
USACE Menocmonee River, Milwaukee, Wisconsin

10, SIZE AND TYPE OF BT & Diamond Drill and 4" Bucke! Auger

2. LOCATION (Coordinates or Stafion)
43 02 14.361 N, 87 57 54.085 W

1. DATUM FOR ELEVATION SHOWN (TBM or MSL)

3. DRILLING AGENCY

12. MANUFACTURES'S DESIGNATION OF DRILL
Hand Auger

Altech Environmental, Coleman Engineering 13, TOTAL MO, OF OVER- T DISTURBED T UNDISTURRED
4. HOLE NO. (A shown on Growing ! BURDEN SAMFLES TAXEN } 1 } 0
tille and file numbar) i MEND109
14, TOTAL NUMBER CORE BOXES
5, NAME OF DRILLER UuBe NA
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE I STARTED I COMPLETED
16, DATE HOLE I |
[ VERTICAL ] INCUMED DEG. FROM VERT. L 6/22/01 | 6/22/01

7. THICKNESS OF OVERBURDEN > 2.92'

17. ELEVATION TOP OF HOLE Unknown

8. DEPTH DRILLED INTO ROCK 0

18, TOTAL CORE RECOVERY FOR BORING NA X

19, SIGNATURE OF INSPECTOR

9. TOTAL CEPTH OF HOLE 2.92°
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
D RECOV- SANPLE (Dritling fima, water loss, de
ELEVATION | DEPTH | LEGEN (Description) ERY (f) | ~ NO. weathering, efc., if :ignmeaﬁs'
a ] b [ d . { 9
0 0.00-0.83 Concrete
— 0.83 0.83-2.92( GM, Gray gravelly-sil, wet, 60X sif, 20X gravel,| M/A | MENDIOSA
] 4 15% sond, 5X clay, cobbles.
- 2927 Refusal, End of boring ot 2.92' Concrete cored with 67 diamond drill.
| + Cement Graut Borshole Samples coflecled with 4™ hond auger.
= 4 T
— & —F
- £
-] 4
— g —F
ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. FROJECT HOLE NO.
WAR 71 (modified by GCA 1/94) USACE Menomonee River MENO109
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Hole No. MENO110

DIVISION

DRILLING LOG

INSTALLATION SHEET 1

o 1 SHEETS

1. PROJECT ]
USACE Menomonee River, Milwaukee, Wisconsin

10. SIZE AND TYPE OF BT 4 Diomond Drili and 2" Buckel Auger

2. LOCATION (Coordinates or Sicfion)
43 02 13.556 N, 87 57 55.362 W

1. DATUM FOR ELEVATION SHOWN (TBM or MSL)

3. DRILLING AGENCY

12. MANUFACTURES'S DESIGNATION OF DRILL
Hand Auger

Altech Environmental, Colemon Engineering 13, TOTAL NO. OF OVER- T DISTURBED | UNDISTURBED
4. HOLE NO. (As shown on drowing i BURDEN SAMPLES TAKEN I 1 J' 0
fitia ond file number) ] MENO110
TN OF DRILLER 14, TOTAL UMBER CORE BOXES NA
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE 16, OATE HOLE ;smrm ;?oupu:rm
[X] VERTICAL [ INCUNED DEG. FROM VERT.| - i 6/21/00 | 6/21/01
: 17. ELEVATION TOP OF HOLE Unknown
7. THLKNESS OF OVERBURDEN > 2.7

8. OEPTH DRILLED INTO ROCK 0

18. TOTAL CORE RECOVERY FOR BORING NA %

19. SIGNATURE OF INSPECTOR

9. TOTAL DEFTH OF HOLE 2,67
CLASSIFICATION OF WATERIALS RECOV- | SAMPLE (oring timar ol loss, e
-~ M ng fims, walsr loss, depth
ELEVATION DEPTH |  LEGEND {Description) ERY (it.) NO. woathering, afc., ¥ signfficant)
a | b [ d [ f 9
0 0.00-0.67 Concrete
— 0.67 1-0.67-2.67| GM, Groy grovelly-silt, wel, 60X sitf, 20X grovel,] N/A | MEND110A
_ 1 15% sand, 5% clay, cobbles,
- 2.67 + Refusal, End of boring at 2.67' Concrete cored with 4" diemend drill.
Cement Grout Borehole Samples collected with 2" hand ouger.
— 4
- 5 ——
— 5 —
ENG FORM  1g3g PREVIOUS EDITIONS ARE OBSOLETE, PROJECT HOLE NO.
MAR 71 (modifisd by GCA 1/94) USACE Menomonee River MENO110
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Hole No. MEND111
DIVISION INSTALLATION SHEET 1
1. PROJECT 10, SIZL AND TYPE OF BIT 6 Diomond Drill and 4~ Buckel Auger
USACE Menomonee River, Milwaukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (TBM or MSL)
2. LOCATION (Coordinates or Station)
43 02 11.641 N, 87 57 57.366 W 12. MANUFACTURES'S DESIGNATION OF DRILL
3. DRILLING AGENCY Hand Auger
Altech Environmental, Coleman Engineering 13, TOTAL NO, OF OVER- [ DISTURBED [ UNDISTURBED
4. HOLE NO, (As shown on drawing ' BURDEN SAMPLES TAKEN ! 1 ' 0
fil_ond fls oumber) k MENO111 14, TOTAL NUNBER CORE BOXES l NA !
5. NAME OF DRILLER :
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE 1 STARTED ! COMPLETED
16. DATE HOLE i I
X0 VERTICAL [ INCLINED DEG. FROM VERT. i e/21/01 | 6/21/01
- 17. ELEVATION TOF OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > 1.25
e ORLED 0 ROCK 0 18, TOTAL CORE RECOVERY FOR BORING NA %
8. DEFTH D . 19, SIGNATURE OF INSPECTOR
9. TOTAL DEFTH OF HOLE 1.25
CLASSIFICATION OF MATERIALS CORE 80X OR REMARKS
. RECOV- | SAMPLE (Driling Hma, woler loss, du
ELEVATION | DEFTH | LEGEND (Dsseription) ERY () |  NO. waciraring, #ic. ¥ signiﬁto::;‘
a | b c d ) f []
0 0.00-0.75 Concrete
— 0,75 +0.75-1.25| SM, Tan-brown grovelly-sand, 40% grovel. N/ { MENDIT1A
— 12541 Refusal, End of boring ot 1.25' Concrele cared with 6" diamond drill.
Cement Grout Borehole Samples collected with 4™ hond auger.
~ a4 —
-~ 5 —
- g —
ENG FORM 1836 PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE O,
AR 71 {modified by GCA 1/84) USACE Menomanee River MENO111
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Hole No. MENO112

n DIVISION INSTALLATION SHEET i
DRILLING LO® oF 1 SHEETS
1. PROJECT 10. SIZE AND TYPC OF BIT 6 Diamond Orill and 4° Bucke! Auger
USACE Menomores: Bwer, Milwaukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (TBM or MSL)
2. LOCATION (Coordinales s Siatkn)
A5 02 06.812 W, B 57 59.785 W 12. MANUFACTURES'S DESIGNATION OF DRILL
3. DRILLING AGENCY Hand Auger
Altech Environmeniel, Colemon Engineering 13. TOTAL NO. OF OVER- DISTURBED Iunmswnasn
4, HOLE HO. (As shown o dhowing { BURDEN SAMPLES TAKEM 1 0
fils ond file number) I MEND112 ‘
L 14, TOTAL NUMBER CORE BOXES NA
5. NAME OF DRILLER
Randy Ochs/Rick Scoit 15. ELEVATION GROUND WATER Unknown
' 0 COMPLETED
6. DIRECTION OF HOLE 16. DATE HOLE ISTMB/21/O1 6/21/01
[XJ YERTICAL T_ImCUNED DEG. FROM VERT. i
P r———— . KT 17, ELEVATION TOP OF HOLE Unknown
: o i = 0 1B. TOTAL CORE RECOVERY FOR BORING NA X
8. DEPTH DRILLED INTO RIEK. " 19. SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 1.167
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
RECOV- SAMPLE Drilling #ime, waler loss, depth
ELEVATION | DEPTH j  LEGEND (Deseription) ERY (1) |  MO. (mehfﬁng. wiew 1l significent)
o ] b € d [ { g
0 0.00-0.75 Concrele
— Q.75 -40.75-1.167 SM, Tan-brown graveliy-sand, A0% grovel. W/A L MEROI2A
1 11€ Refusal, End of boring of 1.167' Concrele cored with €" diomond drill.
Cemeni Groul Borehole Samples collected with 4™ hond cuger.
~ 4
— 5 —
-1 g —+
ENG FORM g3  PREVIOUS EDITIONS ARE OBSOLETE. PROJECT ] HOLE NHO.
MAR 71 (modified by GCA 1/94) USACE Menomonee River MENO112
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GG

Hole No. MENO113
1

_ o 1 SHEETS
1. PROJECT 10, SIZE AND TYPE OF BT & Diomond Drill ond 4° Bucke! Augar
. USACE Menomonee River, Milwoukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (TBM or MSL)
2. LOCATION (Coordinates or Stofion)
43 02 07.741 N, B7 5B 01.B44 W 12, MANUFACTURES'S DESKGHATION OF DRILL
3. DRILLING AGENCY Hand Auger
Altech Environmental, Coleman Engineering 13, TOTAL NO. OF OVER- T DISTURBED | UKDISTURBED
4, HOLE NO. (As shown on drawing ; BURDEN SAMPLES TAKEN }_ 9 Il 0
fitis and file pumbar) i MENO113
. R CORE BOXES
= NAME OF DRILER 14, TOTAL NUMBER COR NA
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
£, DIRECTION OF HOLE | STARTED L COMPLETED
16. DATE HOLE { |
[X] VERTICAL CImcuNeD DEG. FROM VERT. | 6/26/01 | 6/26/01
: 17. ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF GVERBURDEN > 3
p———— 5 1B, TOTAL CORE RECOVERY FOR BORING NA %
8. DEPTH DRILED 4 9. SIGNATURE OF INSPECTOR
9, TOTAL DEPTH OF HOLE 3
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
RECOV~ SAMPLE Drilling fima, woler loss, de
ELEVAION | DEFTH | LEGEND (Description) ERY (i) | Mo ('euihagﬂng. e 1 .zgnmcuﬁg'
a ] b c d e f g !
0 Lu.uo—on Concrete §
— 0.75+ 0.75-3 | SN, Reddish groy—brown, silty—clay, 30% sill, N/A | MENDT13A
10% fine sond, 10% subrounded gravel.
— +
13 Refusol, End of boring ot 3' Contrele cored with 6™ diomond drill.
- T Cement Grout Borshole Samples collected with 4° hend auger.
e .-
] I
g L
—H 8 T
ENG FORM 1836  PREVIOUS EDITIONS ARE OBSOLETE. PROJECT ] HOLE KO.
MAR 71 (modified by GCA 1/94) USACE Menomonee River MEND113
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Hole No. MENQ114

dua to gravel ot surfgce.

Refusal, End of boring ot 10"
Cement Grout Borehole

DRILLING LOG DIVISION INSTALLATION SHEET 1
oOfF 1  SHEETS
1. PROJECT 10. SIZE AND TYPE OF BiT 6 Diamond Drill and 4 Buckel Augsr
USACE Menomonee River, Milwoukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (TBM or MSL)
2. LOCATION (Coordinates or Stofion)
43 02 05.606 N, 87 58 02,990 W 12. MANUFACTURES'S DESIGNATION OF DRILL
3. DRILLING AGENCY Hond Auger
Altech Environmentol, Colemon Engineering 13. TOTAL NO. OF OVER- T IRSTURBED | UNDISTURBED
4. HOLE NO. (As shown on drowing ! BURDEN SAMPLES TAKEN ' 0 ' 0
fitte_ond fls rumber) | MENO114 14, TOTAL NUMBER CORE BOXES ! NA !
5, NAME OF DRILLER :
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE 16, BATE HOLE ;swm:n chouru'rso
[} VERTICAL ] INCLINED DEG, FROM VERT,| | 6/26/01 | 6/28/01
= 17, ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > 10
e DwILED V0 FOoK 0 18. TOTAL CORE RECOVERY FOR BORING NA %
. e 19. SIGNATURE OF INSPECTOR
8, TOTAL DEFTH OF HOLE 10
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
LEGEND . RECOV- SAMPLE (Drilling time, waler lass, depth
ELEVATION DEFTH (Ds3cription) ERY (f1.) N0, weathering, eic., if lfgnlﬂuni)
] _ b 1] d . { g
0 Lo.oo-o.as Concrete N/A N/A | No somple faken, sediment inaccessible

Concrata cored with 6~ diomond dril.

ENG_FORM
HARFN 1836

PREVIOUS EDITIONS ARE OBSOLETE.
(modified by GCA 1/94)

PROJECT
USACE Mencmonee River
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Hole No. MENO115

DIVISION

DRILLING LOG

INSTALLATION SHEET 1

oF ) SHEETS

. PROJECT
USACE Menomonee River, Milwaukee, Wisconsin

10. SIZE AND TYPE OF BIT 6 Diomond Drill and 4" Bucke! Auger

11. DATUM FOR ELEVATION SHOWN (TBM or MSL)

2, LOCATION (Coordinctes or Slation)
43 02 02.561 N, B7 5B 03.380 W

12. MANUFACTURES'S DESIGNATION OF DRILL

3, DRILLING AGENCY Hand Auger
Altech Environmental, Coleman Engineering 13, TOTAL NO. OF OVER- T DISTURBED [ UNDISTURBED
4. HOLE NO. (As shown on drawing BURDEN SAMPLES TAKEN } 0 } 0
fiths_ond e nembsr) MENOT1S 14, TOTAL NUMBER CORE BOXES NA
5. NAME OF DRILLER
Randy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE ! STARTED I COMPLETED
16. DATE HOLE 1 |
[X] VERTICAL ] INCLINED DEG. FROM VERT. i 6/25/01 | 6/25/01
= 17, ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > 6
- 5 18. TOTAL CORE RECOVERY FOR BORING NA %
8. DEFTH DRILLED INTO R - 19, SIGNATURE OF INSPECTOR
9, TOTAL DEPTH OF HOLE 6
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
RECOV- SAMPLE (Dritling fims, woter loss, de
ELEVATION | DEFTH | LEGEND (Description) ERY (L) |  NO. weathiring, slow 1l srgnmw'::;1
a | b c d 8 f g
0 0.00-0.5 N/A N/A | No somple icken, zediment inaccessible
Concrete due fo aravel of surt
-— - 8 10 avel Q1 Su ch.
0.5 Refusol, £nd of boring af 6" Concmhgcorod with & diomond drill.
— - Cament Groul Borehole
] 2 —_—
— 4
p— 6 .
—] -
- L
B
ENG FORM  4g3p  PREVIOUS EDITIONS ARE OBSOLETE. PROJECT ] HOLE NC.
MAR 74 (modified by GCA 1/94) USACE Menomonee River MEND115
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Hole No. MENDO116

DRILLING LOG

DIVISION

INSTALLATION SHEET 1
ofF 1 SHEETS

1. PROJECT
. USACE Menomonee River, Milwaukee, Wisconsin

10. SIZE AND TYPE OF BIT & Diamond Drill ond 4' Buckel Auger

2. LOCATION (Coordinctas or

Stofion)

43 02 02.482 N, 87 58 04.622 W

11, DATUM FOR ELEVATION SHOWN (TBM or MSL)

12, MANUFACTURES'S DESIGNATION CF DRILL

3. DRILLING AGENCY Hand Auger
Altech Environmental, Coleman Engineering 13. TOTAL NO, OF OVER- | DISTURBED FUNDISTURBED
4. HOLE KO. {As shown on crawing ! BURDEN SAMPLES TAKEN } 0 } 0
fitle and file number) [ MEND116
d,
S RANE OF DRILLER 14, TOTAL NUMBER CORE BOXES NA
Randy Ochs/Rick Scott 15, ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE 16. DATE HOLE ismm‘n ;COHPLETED
[X] VERTICAL [ INCLINED DEG. FROM VERT.| - . B8/28/01 | 6/26/01
= 17. ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN > B
S oreT DD BT ook A 18. TOTAL CORE RECOVERY FOR BORING NA X
. U - 19, SIGNATURE OF INSPECTOR
9. TOTAL DEPTH OF HOLE 6
CLASSIFICATION OF MATERIALS CORE BOX OR REMARKS
D RECOV~ SAMPLE (Drilling time, woter loss, depth
ELEVATION DEPTH |  LEGEM (Description) ERY (it.) NO, wacthering, efc., if siqnmcant)
a b c d . 1 g
0.00-0.5 Concreta N/A N/A | No sample token, sediment inaccessible

Refusal, End of boring at 6"
Cement Grout Borshole

due fo gravel of surigce.
Concrele cored with 6 diamond drill.

ENG FORM
WAR 71 1836

PREVIOUS EDITIONS ARE OBSOLETE.

(medified by GCa 1/84)

FROJECT HOLE NC.
USACE Menomonee River MEND116
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Hole No. MENO117

USACE Menomonee River, Milwaukee, Wisconsin

TAVISION INSTALLATION SHEET 1
DRILLING LOG W
1. PROJECT 10. SIZE AND TYPE OF BT & Diomond Drill and 4 Bucke! Auger

2. LOCATION (Coordinofes or Station)
43 01 59.401 N, 87 58 04.444 W

11. DATUM FOR ELEVATION SHOWN (TBM or MSL)

12. MANUFACTURES'S DESIGNATION OF DRILL

3. DRILLING AGENCY Hond Auger
Altech Environmental, Coleman Engineering 13. TOTAL NO. OF OVER~ T DISTURBED TUNDISTURBED
4. HOLE NO. {As shown on drawing } BURDEN SAMPLES TAXEM % 1 } 0
fitta and file number) : MENO117
S RONE OF DRILLER 14, TOTAL NUMBER CORE BOXES NA
Rondy Ochs/Rick Scott 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE VSTARTED I COMPLETED
16. DATE HOLE l |
[ VERTICAL [ INCLINED OEC. FROM VERT. | 6/26/01 | 6/26/01
- 17. ELEVATION TOP OF HOLE Unknown
7. THICKNESS OF OVERBURDEN s 2
S Se DALLED 10 ROCK 3 1B. TOTAL CORE RECOVERY FOR BORING NA X
. - 19, SIGNATURE OF INSPECTOR
9. TOTAL DEFTH OF HOLE 2
CLASSIFICATION OF MATERIALS CORE EOX OR REMARKS
LEGEND . RECOV~ | SAMPLE (Drilfing time, woter loss, depth
ELEVATION | DEFTH GEN {Dsseription) ERY (1) | WO wecthatng, v 1 sonioant)
a | b < d . f g
0 -7 | 0.00-0.83 Concrete
—| 0.834 0.B3-2 | GC, Gray-brown, grovelly-cloyesy sond, 30% N/A | MENDTI7A
subrounded gravel, 20% cloy-silt, fine fo
] T medium subrounded sond.
1 2 Refusal, End of boring ot 2° Concrete cored wilh 6" diomond drill.
j ]— Cement Grou! Borehole Samples collacted with 4™ hand auger.
— 4 —F
— 6 —
— g —t
ENG FORM 1836  PREVIOUS EDITIONS ARE OBSOLETE. PROJECT HOLE NO.
MAR 71 {moditied by GCA 1/94) MENO117

USACE Menomonee River
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Hole No. MENO122

DRILLING LOG DIVISION INSTALLATION SHEET 1
of 1 SHEETS
1. PROJECT 10. SIZE AND TYPE OF BIT 6 Diomond Drill and 4 Buckel Auger
USACE Menomonee River, Miiwaukee, Wisconsin 11. DATUM FOR ELEVATION SHOWN (TEM or MSL)
2. LOCATION (Coordinates or Slation)
43 02 07.741 N, 87 58 01.844 W (1' South of MENO113)  [12. MANUFACTURES'S DESIGHATION OF DRILL
3. DRILLING AGENCY : Hand Auger
Aliech Environmenial, Coleman Engineering 13, TOTAL N0, OF OVER- TDISTURBED T UNDISTURBED
7. HOLE ND, (As shown on drowing | BURDEN SAMPLES TAKEN ! 1 ! 0
fitle_and fila_number) 1 MENG122 14. TOTAL NUMBER CORE BOXES ! NA 1
5. NAME OF DRILLER :
Rondy Ochs/Rick Scoit 15. ELEVATION GROUND WATER Unknown
6. DIRECTION OF HOLE TSTARTED TCOMPLETED
16. DATE HOLE | i
[X0 VERTICAL [ INCLINED DEG. FROM VERT. L 6/28/01 6/28/01
17. ELEVATION TOP OF HOLE
7. THICKNESS OF OVERBURDEN > 4.5 VUnknown
T DRILED IO ROCK 0 18. TOTAL CORE RECOVERY FOR BORING NA X
8 - 19. SIGNATURE OF INSPECTOR
9, TOTAL DEPTH OF HOLE 45
TION PTH | LEGEND CLASSIFICATION OF WATERIALS REé’SS BS%P% {Drillin ﬂmfm‘ﬁf lozs, depth
- i . W .
ELEVATIO e (Description) ERY {it) |  WNO. weathering, #icy 1 significant)
a ] b c d e { q
0 0.00-0.75 Concrate
— 0.75-4 0.75-4.5 | Top 6", ML, Reddish-brown slity—clay, 30X silf, N/A | MEND113A
10X subrounded graval.
6"-18", WL, Gray slity—clay, moist, 10X gravel.
- —
— + 18"-45", SC, Groy cloyay-sand, fine grained
sand, 10-20X subrounded grovel.
45 Refusal, End of boring at 4.5’ Concrete cored with 6” diamond drill.
— T Cement Grout Borehole Samples collected with 4" hand ouger.
i —
-5+
ENG FORM 1836  PREVIOUS EDTIONS ARE OBSOLETE. PROJECT HOLE NO.
MAR 71 (medifisd by GCA 1/94) USACE Menomonee River MEND122
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~
LOG OF TEST BORING ) i 1
Valley Park Flood Control Plan Boring No, TestPit#l

Surface Elevation 20.60
Project No 4378

Project
Location Northing: 383.677.01__Easting: 2.543.241.59

Soil Testing Firm Underground Power Company. Franksville, W1 Sheet of 2
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION o - i or P.P.
(inches) L \l AND REMARKS - Yy = = Pl sieve
No| Type N | Depth (tsh| (%) (%) (%) 200
| — [TOPSOIL - brown, moist, roots and other organics.
— some gravel
1 {Grab M — ]
‘ Lo
- FILL - sand. some gravel. trace cinders, other trash
‘ — including glass soda and milk bottles, bed frame.
2| Grahi M — 2 corrugated steel trash can, bricks
" Fill materials are of varying colors
— 17.2
3} Gra M — 3
4 | Gra M — 4 .
5 Gra M - 5 5.0
— FILL- silty sand. some gravel, yellowish brown,
- isome glass
6 | Gra M — & 6.0'
— SILTY SAND (SM) - yellowish brown, moist, some
— gravel
7 | Gra M — 7 7.0
SILTY SAND (SM) - dense. light brown. moist. trace
e clay. trace gravel, layer displays slight cementation
8
g | Gra M1 8.0
e SANDY GRAVEL (GW) - grayish brown. moist. trace
— cobbles
9 | Gra M — 9
WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilline 13 Start _1/6/00 Complete _1/6/00
Depth 10 Water Crew Chief Rie
Drilling Method
L K. SINGH & ASSOCIATES, INC. ;@
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LOG OF TEST BORING . .
Valley Park Flood Control Plan Boring No. .IQELELL#J_J

13 gravel, trace silt. medium grained, poorly graded

End of Test Pit at 13 feet

Project
roe i ] Surface Elevation 20.60
Location Northing: 383.677.01 _FEasting: 2.543.241.59 ProjectNo 4378
Soil Testing Firm Underground Power Company. Franksville, Wl Sheet 2 of 2
A
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) L l AND REMARKS qu| W | LL | PL | sieve
No| Type N | Depth (tsf)| (%) | (%) | (%) | 200
— SANDY GRAVEL (GW) - grayish brown, moist, trace
o cobbles 2.2
10|Grab M — 10
11| Grab M = 11
—
12| Gra M — 12
— 12.5' 42
13| Gra S — SAND (SP) - reddish brown, moist to saturated. trace )

[T

[T

WATER LEVEL

Q
=]
w
=i
~
«
»
ot
[
Q
Z
w

GENERAL NOTES

While Drilling 13 Start _1/6/00 Complete _1/6/00
Depth to Water Crew Chief Rig
Drilling Method

K. SINGH & ASSOCIATES, INC.
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LOG OF TEST BORING

» > q :
Project Valley Park Flood Control Plan Boring No. TestPUL#3
_ Aond S Milwaukee. W1 Surface Elevation
Location 421 N. 42nd Street. Milwaukee, Project No 4378
Soil Testing Firm Underground Power Company, Franksville, W1 Sheet 1 of 2
J\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION B.P.
(inches) 1« i AND REMARKS qu. W 1L | Pl | sieve
No| Type N | Depth (ISD (%) (%) (‘70) 200
i ITOPSOIL - brown. moist, roots and other organics,
__ some gravel
1 |Grab M 1
1.0
- FILL - silty sand, some gravel. trace cinders, ash
_ like. other wrash including glass bottles, assoried
2 Graiq M ) pieces of metal, some ceramics.
I~ Fill materials are of varying colors
3| Gra M E 3
5| Gra M 5
6 | Gra M — 6
—
7 | Gra M — 7
g | Gra M — 8 8.0
o SANDY GRAVEL (GW) - brown. meist. trace
— cobbles
9 | Gra M 9 '.
WATER LEVEL OBSERVATIONS | GENERAL NOTES
While Drilling  Not Encountered ! Start _4/19/00 Complete _4/19/00
Depth 1o Water Crew Chief Frank Rig Backhoe
Drilling Method Dug Pit
. K. SINGH & ASSOCIATES, INC, ;@
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N

LOG OF TEST BORING Rorine No. .Test Pit 43
Project Valley Park Flood Control Plan mng No.
) Surface Elevation
Location 421 N. 42nd Street. Milwaukee, W1 Project No 4378
Soil Testing Firm Underground Power Company. Franksville, WI Sheet 2 of 2
AJ\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP.
(inches) AND REMARKS qui w LL | PL sieve
Noj Type N | Depth (tsh)l (B) | (%) | (%) | 200
— SANDY GRAVEL (GW) - brown. moist. trace cobbles
10|Grab MI T
11| Grab M — 11 0
— End of Boring at 11 feet
[ —
— i
— ?
i WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling  Not Encountered tart _4/19/00 Complete _4/19/00
Depth to Water Crew Chief Frank Rig Backhoe
Drilling Method
K. SINGH & ASSOCIATES, INC. )
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N
LOG OF TEST BORING Bogine N .
Project Valley Park Flood Contro] Plan ng No. TestPust
. W ! Mil Surface Elevation
Location 4223 West St. Paul Avenue, Miiwaukee, W] Project No 4378
Soil Testing Firm Underground Power Company, Franksville Sheet 1 of 2
mae
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP
(inches) L .l AND-REMARKS qui w11 PL_ 1 sieve
= TOPSOIL - brown, moist, roots and other organics,
" [some gravel
1 {Grab M —1 0.5°
- FILL - silty sand, some gravel, trace cinders, ash
_ like, other trash including glass bottles, assorted
21 Grab M — 2 pieces of metal, some bricks.
- Fill materials are of varying colors
3| Gra M — 3
41 Gra M E 4 .
5| Gra M - 5 5.0
_ SAND (SW) - well graded sand with some gravel.
- brown, moist
| 6 | Gra M| |— ¢
‘ -
| =
7 | Gra M —
7 7.0
l o SANDY CLAY (CL) - dark brown. moist, race gravel
e
‘ 8 | Gra M| |— 8
\ —
9 | Gra M ~— 9
'  WATER LEVEL OBSERVATIONS A GENERAL NOTES
While Drilling  Not Encountered : Start _4/19/00 Complete _4/19/00
Depth to Water Crew Chief Frank Rig Backhoe
Drilling Method HSA. ASTM, D1452 & D1586
\ K. SINGH & ASSOCIATES, INC. @
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~

LOG OF TEST BORING Boring No. TestPiLs
Project Valley Park Flood Control Plan orng INo.
1293 W , Surface Elevation
i - i k]
Location 3 West St. Paul Avenue. Milwaukee, WI Project No 4378
Soil Testing Firm Underground Power Company. Franksville, WI Sheet 2 of 2
1\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) L 1 AND REMARKS qu w LL PL sieve
— 9.5
— ANDY GRAVEL (GW) - yellawish brown, moist,
10{Grab M — 10 [trace cobbles
i0
_ End of Boring at 10 feet
— i
—
—
=
WATER LEVEL OBSERVATIONS lz GENERAL NOTES
While Drilling  Not Encountered f Start _4/19/00 Complete _4/19/00
Depth 1o Water Crew Chief Frank Rig Backhoe
Drilling Method
L K. SINGH & ASSOCIATES, INC. D
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LOG OF TEST BORING

Project _Valley Park Flood Control Plan

Boring No. MP-BIO |

Location Northing:

383.428.00 Easting: 2.543.426.20

Surface Elevation 20.38
Project No
Soil Testing Firm Briohn Environmental, Pewaukee, W1 Sheet 1

4378
of

1

=

SAMPLE SOIL. PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP
(inches) AND REMARKS qui w LL | PL sieve

No| Type N | Depth (T.Sf) (%) (%) (%) 200

— ITOPSOIL - 12"

— FILL - Silty Clay (CL) - stiff, brown. moist. trace 3.0 219
1{8S|12 | M| 7 —2.5 Jgravel

- 3.5

_ FILL - Sand (SP) - dense, brown, moist, poorly 17.1
21 §S| 12| M| 5 |~ 5.0 graded, coarse to medium grained sand with some

—_ gravel

: 1.8
31SS| 12| M| B~ 75

- 12
4|18S|2 | M| 1 —10.0

— i

e GRAVEL (GW) - dense. brown. moist to saturated. 5.1

| well graded gravel with some sand and trace silt 8.5
5185 &8 | M| B 405

— 8.8
6| SS|12|S! #—150

—17.5

M- 18.5

' — SAND (SP) - dense. brown. saturated. poorly graded. 14.0

71ss|10ts (. (coarse grained sand with some gravel

— End of Boring at 20’

- Abandoned in accordance with NR 141.25,

WATER LEVEL

OBSERVATIONS

GENERAIL NOTES

¢ While Dilling
Depth to Water

13

Start _12/22/99

Complete

12/22/99

Crew Chief Kevin

Rig Diedrich D120

Drilline Method . HSA. ASTM. D1452 & DISR6

K. SINGH & ASSOCIATES, INC.
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)

LOG OF TEST BORING Borine No. YP-BL]
Project Valley Park Flood Control Plan oring INo.
ion Northing: 383.430.11 Easting: 2.543.304.20 Surface Elevation 19,10
Location Northing: .430. asting: 2.543.304.2 Project No 4378
Soil Testing Firm Briohn Environmental, Pewaukee, W1 Sheet of 2
A
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP.
(inches) 111 AND REMARKS qul w | 1L | PI sieve
No| Type l’ ‘L N | Depth (tsf)] &) (%) (%) 200
— FOPSOIL- 12"
— FILL - Silty Clay (CL) - medium stiff to stiff. brown, | 1.0 122
1|{SS|12 M| 2 2 5 imoist. trace gravel
— 0.5 2338
2SS 6 | M 4i—59
_ 6.0
— FILL - Sand (SP) - medium dense 1o dense, brown, 7.0
3| SS|{10|{ M| ¢ — ~ 5 | moist 10 saturated, poorly graded, coarse grained
—_" "~ {sand with some gravel
_ 12,0
4188 | 2 | Mi2—y4,
5!ss 0 | swe :12 5 possibie cobble
— 193
6{SS(12|s| ¢ L15_0
—
—17.5
= 1.5 45 | 102 I8 0 | s0.1
7188|181 s - :20 OSILTY CLAY (CL) - hard. brown, sawrated, linde
““lzravel. trace sand
— !
— | l
22.5 E !
WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling 13,5 Start _12/27/99 Complete _12/27/99
Depth to Water Crew Chief Ken Rig Diedrich D120
Drilling Method _HSA, ASTM, D1452 & D1586

K. SINGH & ASSOCIATES, INC.
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Project

LLOG OF TEST BORING
Valley Park Fiood Control Plan

Boring No. MPBIL

Location Northing: 383.430.11 Easting: 2,.543.304.20

Surface Elevation 19.10

Project No 4378

Soil Testing Firm Briohn Environmental, Pewaukee, WI Sheet 2 of 2
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) AND REMARKS qu w LL FL sieve
= 23,5
— ISAND (SP) - dense. brown. saturated, poorly graded. 9.0
8| SS|16(S | 3 25 coarse grained sand with some gravel
—27.5
9| SS| 0| s |5 30 Obstruction. possible boulder. at 29 feet
= |End of Boring at 29 feet
e Abandoned in accordance with NR 141.25
— A 140 1b. automatic impact hammer was used to
L perform the Standard Penetration Test.
— Qu values are readings recorded by a Pocker
o Penetrometer.
- i
I |
WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling  13.5° Complete _12/27/99

Depth 1o Water

Crew Chief Ken

Rig Diedrich D120

Drilling Method HSA. ASTM. D1452 & D1586

I
‘ Start _12/27/99

K. SINGH & ASSOCIATES, INC.
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LOG OF TEST BORING

Project _Yalley Park Flood Control Plan

Boring No. YBRBI1Z

Location Northing: 384288 18 Easting; 2.543.304.20

Surface Elevation 21.99

Project No 4378
Soil Testing Firm Brighn Environmental, Pewaukee, W1 Sheet 1 of 1
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP
(inches) AND REMARKS qu W LI Pl sieve
— CONCRETE - 4"
— FILL - mix of sand gravel and clay, brown, moist 17.6
1/SS]121 M| 7 9 5
- 4.0 o8
2| SS| 10| M| 8|—50 FILL - Silty Sand (SM) - medium dense, brown,
—=" "~ |moist, trace gravel
\ — a8
| 3]SS| 12| M| & — 75
—
e 2.0 4.0
M| 28— FILL - Gravel (GP) dense, brown, moist, angular
4|88 8 —10.0 gravel with sand
— 11.0
| L SANDY CLAY (CL) - stiff to very stiff, brown, moist,
i.5 11
— some silt. trace gravel '
5/SS |18 M| 2425
) ' — 35| 109 18 10 | 520
6/ SS|18 | M| ¥—150
— 17.5|Shelby Tube coliected 18 to 18.5 feet !
- i8
| — CLAYEY SAND (SC) - medinm dense, brown, moist 9.4
2 r— 18.5 3.0 10.0 23 12 48.7
2] 8Sj18|M - ____20‘OSANDY CLAY (CL) - very stiff, brown, moist. some
silt. trace gravel
— End of Boring at 20.0 feet
— Abandoned in Accordance with NR 141.25
- 140 1b. Automatic Impact Hammer used for S.P.T.
. Qu = Pocket Penetrometer Readings L i

i WATER LEVEL

OBSERVATIONS |

GENERAL NOTES

While Drilling  Not Encountered

Start _1/26/00 Complete

1/26/00

Depth to Water

Crew Chief Kevin

Rig Diedrich D120

Diilling Method HSA. ASTM, D1452 & D1586

K. SINGH & ASSOCIATES, INC.
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LOG OF TEST BORING

Boring No. MEBJ(PZ1).

Project ~Valley Park Flood Control Plan
) ] . 543.071.64 Surface Elevation 18:51
Location Northing: 383.378.03 Easting: 2.543.271.6 —————— [ Project No 4378
Soil Testing Firm Briohn Environmental, Pewaukee, W1 Sheet 1 of 2
e
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) AND REMARKS qu w | LL PL sieve
Mol Type N ' Depth (tSﬂ (%) (%) (%) 200
= TOPSOIL - 12"
— FILL - mix of sand and gravel, some silt and clay, 0.6
1188 |14 | M| 23 —2.5 [brown. moist
— 4.0 18.7
71 ss| 18] M| 12 -~50 SAND (SP) - medinm dense, brown. moist 1o
~ """ |satwrated. poorly graded. medium to coarse grained
: gravel
| 9.8
3188} 2 Mij25 —.5
- 45
4)8s |14 Mlaa—ng
— ]
— 10.3
50ss{10|S|il[—25
| -—
— 13.5
— SILTY SAND (SM) - medium dense. brown, saturated. 17.6
6| 88| 6 | S| 2015, 0linle gravel
v 175 |
+ 1
= |
E 27 [— l N e
"7]s8s| 0 |si°i.200 ! ; i
s A i |
§ | = | |
2 - 223 v l
WATER LEVEL OBSERVATIONS GENERAL NOTES .
; i
. While Drilling 12 tart _12/21/99 Complete _12/21/99 '
% Depth to Water Crew Chief Kevin Rig Diedrich D120 |
‘ Drilling Method _HSA. ASTM. D1452 & D1586 !
\ K. SINGH & ASSOCIATES, INC. J}
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LOG OF TEST BORING

Boring No, ME-B](PZ-1)

Project -Valley Park Flood Control Plan

Surface Elevation 18.51

Location Northing: 383.378.03 Easting: 2.543.271.64 ProjectNo 4378
Soil Testing Firm Briohn Environmental, Pewaukee, W1 Sheet 2 of 2.
7\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P. 7
(inches) 1/ 1 AND REMARKS qu—w | 11 Pl sieve
— 23.5'
s | s — SILTY SAND {SM) - medium dense. gray, saturated. 108 14 10 37.1
8| 85|18 T o5 [inle clay, trace gravel
—217.5
— 28.5
— SAND (SP) - Ioose, gray, samrated, poorly graded, 2.4
9 SS§| 14| s 5 30 coarse grained sand with some gravel
— End of Boring at 30 feet
— Converted into a piezometer in accordance with NR
— 141
— A 140 1b. automatic impact hammer was used to
— perform the Standard Penetration Test.
— Qu values are readings recorded by a Pocket
m— Penetrometer.
—
WATER LEVEL GENERAL NOTES

While Drilling 12"

OBSERVATIONS |

Start _12/21/99

Depth 10 Water

Crew Chief Kevin

Complete . 12/21/99

Rig Diedrich D120

Drilling Method HSA, ASTM. D1452 & D1586

K. SINGH & ASSOCIATES,

INC.

| N S
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LOG OF TEST BORING

Project _Valley Park Flood Control Plan

Boring No, ME-B2

Location Northing: 383.502.50 Easting: 2.543.230.1

Soil Testing Firm Briohn Environmental, Pewaukee. W1

Surface Elevation 17.87
Project No

Sheet

i

4378

of 2

=

SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP
(inches) AND REMARKS qu | W LL PL sieve
No| Type N | Depth (tSf) ) (%) (%) (%) 200

= [TOPSOIL - 12"
: FILL - mix of sand , gravel and silt. medium dense. 17.1
1| ss|1i8 | M]3 7 5 |black to brown. moist
— 16.8
2| Ss| 8 | M! I5|—s5.0
_ 6.0 18.5
31SS| 12| M| 7 |— 7 SAND (SP) - medium dense, brown, moist. poorly
— 7.0 graded. coarse grained sand with some gravel
— 10.8 ,
4(ss| 8 | Ml 1w—ino
] — 1o
; — GRAVEL (GW) - medium dense. gray. saturated, well 14.1
— graded, angular gravel with some sand and silt : \
F5)88 | 6]S1274125 ; |
;' 6| 88| 0| S|18—50
i —
! L ——
! _
! —17.5 |
3 — 18.0
, — SAND (SP) - loose. brown. satorated, poorly graded. 21.0
i 71 8s{12|S v —_ 20 Qmedium grained sand with trace silt

LT

225,

.
i
¢ V
i

:
{

WATER LEVEL

OBSERVATIONS

GENERAL NOTES

i While Drilline 11

Depth 10 Water

Crew Chief Kevin

Start 12/22/99 . Complete _12/22/99

Rig Diedrich D120

]
]
] Drilline Method HSA, ASTM. D1452 & D1386

K. SINGH & ASSOCIATES, INC.

| LN
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Project

LOG OF TEST BORING

Valley Park Flood Conirol Plan

Boring No. MPB2

Location Northing: 383.502 50 Easting: 2.543.230.18

Surface Elevation 17.87

Soil Testing Firm Briohn Environmental. Pewaukee, W1

ProjectNo 4378
Sheet 1o_ of 2

SAMPLE

RECOVERY

‘MOISTURE

VISUAL CLASSIFICATION

AN DEMM ADVS

SOIL PROPERTIES

N

W LL PL

P.P.

sieve

(inches)

No| Type

R

‘L N | Depth

FTXLPL NNV

qu
(tsf)

(%) | (%) | (%)

200

8| SS

10

M

s

SAND (SP) - loose, brown, saturated, poorly graded.
medium grained sand with trace silt

End of Boring at 25 feer

Borehole stopped due to excessive blow up of
materials into hollow stem auger.
Abandoned in accordance with NR 141.25

A 140 lb. automatic impact hammer was used to
perform the Standard Penetration Test.

Qu values are readings recorded by a Pocket
Penetrometer.

TTETRTTETIET ey

1.
l

[THT

217

3.2

| WATER LEVEL

GENERAL NOTES

‘ While Drilling 13

OBSERVATIONS |

Start _12/21/99 Complete _12/21/99

1 Depth to Water

Crew Chief Kevin

Rig Diedrich D120

Drilling Method HSA. ASTM, D1452 & D1586

K. SINGH & ASSOCIATES, INC.
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N

z Depth 1o Water

LOG OF TEST BORING .
. v P Boring No. ME-B3(PZ-D)
Project alley Park Flood Control Plan i
hine: 383.776 . Surface Elevation 2044
i a: . . N .
Location Northing 776.88 Easting: 254327207 ProjectNo 4378
Soil Testing Firm Briohn Environmental, Pewaukee, WI Sheet of 2
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION - P.P.
(inches) AND REMARKS qu . w LL PL sieve
No| Type N | Depth (tsf)| (%) | (%) | (%) | 200
— CONCRETE SIDEWALK - 4"
_ FILL - mix of sand and gravel, gray to black, moist 118
1/SS| 6 |M| 2 25
- 3.0
—_ FILL - S5ilt (ML) - brown, loose, moist, some sand, 9.8
21 SS| 10| M| 7 ~—50 some clay. trace gravel
I~ 6.0
: SAND (SW) - medium dense. brown, moist to 1.8
30 SS{ 10 M1 14 — 5 saturated, well graded sand with litle silt. wace
— gravel
: 2.0
488 9 M =54
— 67
588 10iMi [ a35
— 13.5° )
e ISILTY CLAY (CL) - soft. gray. saturated. trace sand. 0.5 4.0
6/8S|12|s | 3 "15.0fwace gravel
| 175
— 18.00
= SAND (SM) - dense, gray. saturated, silty sand with 8.7 i0.0
21STi24)s - (). Qisome gravel 123 18.4
—22.5 f i
; WATER LEVEL OBSERVATIONS | GENERAL NOTES
|
While Drilling  13.5° P Start _12/20/99

Complete _12/20/99

] Crew Chief Kevin

Rig Diedrich D120

{ Drilline Method HSA. ASTM. D1452 & D1586

e =

K. SINGH & ASSOCIATES,

INC.

N
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LOG OF TEST BORING

Project Valley Park Flood Control Plan

Boring No. NME-B3(PZ.2}

Location Northing: _383.776.88 Easting: 2.543.272.07

Surface Elevation 20.44

Soil Testing Firm Brichn Environmental. Pewaukee, WI

Sheet

2

Project No 4378
of 2

SAMPLE SOIL PROPERTIES T
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
> v an h vV 11 PL claye
(inches) l J AND REMARKS e b vy A= L SICVE
— 1" seam of poorly graded gravel
- 24| 0.5 16.2
8| SS|12]3 | 137”55 [SANDY CLAY (CL)- medium stiff to suff. gray.
saturated, little silt
‘ 275
\ f——
- 1.0 227
r
| 9 8SS| 18] s — 30
— End of Boring at 30 feet
— Converted into piezometer in accordance with NR
- 141 .
: A 140 1b. automaric impact hammer was used to
—_— perform the Standard Penetration Test.
- Qu values are readings recorded by a Pocket
— Penetrometer,
| —
| —
I = ;
‘ — !
’ WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling  13.5' Start _12/20/99 Complete _12/20/99
Depth to Water Crew Chief Kevin Rig Diedrich D120
Drilling Method HSA. ASTM, D452 & D1586
K. SINGH & ASSOCIATES, INC. ) .
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Project

LOG OF TEST BORING

Valley Park Flood Control Plan

Boring No. ME-Bd.__.. .

Location Northing: 384.125.64 Easting: 2.543.460.87

Surface Elevation 22.05

Project No 4378

Soil Testing Firmn Brichn Enyironmental. Pewaukee, W1 Sheet ] of 2
SAMPLE SOIL PROPERTIES T
RECOVERY| MOISTURE VISUAL CLASSIFICATION B.P.
(inches) AND REMARKS au W LL PL sieve
No| Type N | Depth (tsf)| (%) (%) (%) 200
— TOPSOLL - 12"
- FILL - mix of sand and gravel, black. moist 40
118S]9 |[M{3 —2.5
: 17.7
2{ S§| 9 M| 4 |—50
[~ 6.01
— FILL - Clayey Sand (SC) - loose to medium dense. 11.9
3185114 M| ¢ — 7 5 brown. moist. trace silt
— 129
4|88 | 12| M) 21—y
— 1.0
_ SILTY SAND (SM) - medium dense, brown, moist to 98
— saturated, trace gravel
5|88 | 8 | M| V95
6|/8S10|-|-—150
: —17.5 |
o 18.5' 184 20.2
~|Ss| 8 1|s = :ZO.OSAND (SP) - dense. brown. saturated, poorly graded,
! coarse grained sand with some gravel
[ 1
—225 ,
E WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling 16 | Start _i2/20/99 Complete _12/20/99
Depth to Water Crew Chief Kevin Rig Diedrich D120
| | Drilling Method HSA. ASTM, D1452 & D1586
L K. SINGH & ASSOCIATES, INC. J
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LOG OF TEST BORING

Valley Park Flood Control Plan

Project

‘ Location Northing: 384.125.64 Eastine: 2.543.460.87

Boring No. XBB4
Surface Elevaton 22.05

| Soil Testing Firm Brichn Environmental, Pewaukee. W1

Project No

Sheet 2

4378
of 2_

SAMPLE SOIL PROPERTIES T
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inchesy | || AND REMARKS qu | w | 11 PI sieve

DSV Y TN T owm sl @ | @ | @ | 200
- SAND (SP) - dense, brown. saturated, poorly graded,
— lcoarse grained sand with some gravel

g8 SS 0 S 54 — 25 .

) —27.5
12—

91 88) 0| s — 30
- End of Boring at 30 feet
— Abandoned in accordance with NR 141.25
’-—
— Boring originally started and stopped at 11 feet
- where an obstruction, possible boulder, was
— encountered. The boring was moved 3 feet south and
— completed.
L A 140 1b, automatic impact hammer was used to
— perform the Standard Penetration Test.
s [Qu values are readings recorded by a Pocket
= Penetrometer.
—

WATER LEVEL OBSERVATIONS ! GENERAL NOTES
|
While Drilling 16 . Star _12/20/99 Complete _12/20/99
Depth to Water Crew Chief Kevin Rig Diedrich D120
q Drilling Method HSA, ASTM, D1452 & D1586
K. SINGH & ASSOCIATES, INC.
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[ LOG OF TEST BORING
Project _Valley Park Flood Control Plan

Location Northing: 384.286.41 Easting: 2.543.597.24

Boring No. E.Eiﬂzz.m_w
Surface Elevation 21.35
Project No 4378

Soil Testing Firm Briohn Environmental. Pewaukee, W1 Sheet of 2
P =\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) L l AND REMARKS qu| w LL PL sieve
r TOPSOIL. - 12"
— FILL - mix of sand and gravel, brown, moist, some
1/SS{ 8 |M; 2 ——7 5 [silt. wace clay
2| SS| 10| M| Hl—359
: 6.0
_ FILL - Sand (SP) - medium dense, brown. moist to 6.6
3/ 88110 M| 20 —7 5 satorated. poorly graded sand with some gravel
- 37
4|88710| M| 22 —10.0
- 11.00
— SILTY CLAY (CL) - very stiff. brown. moist to 262
— saturated. trace gravel 3.0
5|88 )16 (M| Mg
— 20| s 33 14 34.8
6188|185 | Bi—1590
— isaturated gravel seam noted at 15'
17.5
7 — 3.0 14.8
7/8S| 4|s | [=200 I
— f
— ﬁ
22.5 |
WATER LEVEL OBSERVATIONS ) GENERAL NOTES
While Drilling 15 ' Start _12/28/99 Complete _12/28/99
Depth to Water Crew Chief Ken Rig Diedrich D120
Drilling Method HSA. ASTM, D1452 & 11586
L K. SINGH & ASSOCIATES, INC. b
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LOG OF TEST BORING Boring N g "
Project Valley Park Flood Control Plan oring No.

Surface Elevation 21.35

Location Northing: 384.286.41 Easting; 2.543,597.24 ProjectNo 4378
Soil Testing Firm Briohn Environmental, Pewankee, W1 Sheet 2 of 2
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(nches) | i AND-REMARKS qu W LL PL sieve
No| Type ]’ N | Depth (tsf)] (%) (%) (%) 200
: 23
— SAND (SP) - medium dense, gray, saturated, poorly 07
g|SS| 8|S |1 25 lgraded, coarse grained sand with some gravel
—27.5
—
— End of Boring at 30 feet
— Converted into piezometer PZ-3 in accordance with
- NR 141 .
: A 140 1b. automatic impact hammer was used to
| . perform the Standard Penetration Test.
— Qu values are readings recorded by a Pocket
—_ Penetrometer.
: — i
é ;: E ! ]
D —— | e 1
!  WATER LEVEL OBSERVATIONS GENERAL NOTES
I
. While Drilling 13 Start _12/20/99 Complete _12/20/99
Depth to Water Crew Chief Kevin Rig Diedrich D120
: Drilling Method HSA., ASTM. D1452 & D1586
i
]
L K. SINGH & ASSOCIATES, INC. @
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~
LOG OF TEST BORING Boring No. .VB:E§
Project _Valley Park Flood Control Plan ng No. -
: . Surface Elevation 22.76
Location Northing: 384.489.11 Easting: 2.543.758.41 Project No 4378
Soil Testing Firmn Briohn Environmental, Pewaukee, W1 Sheet 1 of 1
—
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION PP
(inches) AND REMARKS qu W LL PL sieve
No| Type N | Depth (tsf)| (@) | () | (%) | 200
— TOPSOIL - 12"
— FILL - mix of sand and gravel. brown. moist, some 289
1/85|12| M| 5 9.5 bsilt
— 157
21 S| 10| M| 7 1<Zsg
: 215
3
3|88 4 (M —175
_: 14 N4
4188 6 | M 06— 4
: End of Boring at 10
— Boring ended due to obstruction. possible boulders. 3
- borings attempted in area. None able to pass beyond
— 10 feet below grade.
. Boring abandoned in accordance with NR 141.25
WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling  None Encountered Start _12/28/99 Complete _12/28/99
Depth to Water Crew Chief Ken Rig Diedrich D120
Drilling Method HSA, ASTM. D1452 & D1586
L K. SINGH & ASSOCIATES, INC. y
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LOG OF TEST BORING

Project _Valley Park Flood Contro] Plan

Boring No. MBBI(PZ.4)

Location Northing: 384.624.46 Easting: 2.543.597.24

Surface Elevation 24.98

Project No 4378
Soil Testing Firm Brichn Environmental, Pewaukse, WI Sheet | of 2
/\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) l/ l AND-REMARKS qu—w LL | Pl sieve
— ICONCRETE - 12"
— FILL - Sand {SP) - loose, brown, moist, poorly 2.5
11886 (M| 6 —2.5 [graded. coarse grained sand with some gravel
— 7.0
2SSt 31M| ?|l—50
: 8.8
3188 3 | M| 2% | 75
: 8.0
|l SAND (SP) - medium dense to dense, brown, moist 3.0
4188112 M| 29— to saturated, poorly graded, coarse grained sand with
—10.0i some gravel
— 50
5/{SS| 9 |M|® o5
— 7.5
6853 1Sl 3 —150
i —17.5
— 18.5'
a3 — CLAYEY SAND (SC) - very dense, gray. saturated. 2.5 8.8 16 9 43,7
‘ 218sli10]|s :20.0"“3 gravel, trace silt
| — !
—22.5 ;
l WATER LEVEL OBSERVATIONS GENERAL NOTES ;

While Drilling
Depth to Water

15

Start _12/27/99 Complete

12/27/99

Crew Chief Ken

Rig Diedrich D120

Drilling Method HSA. ASTM, D452 & D1586

K. SINGH & ASSOCIATES, INC.
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LOG OF TEST BORING

Boring No. VP-BI{PZ4)
Proiect _Valley Patk Flood Control Plan
- : . Surface Elevation 24.98
Location Northing: 384.624.46 Easting: 2.543.597.24 Project No 4378
Soil Testing Firm Briohn Environmental, Pewaukee, W1 Sheet 2 of 2
- =\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
{inches) l j AND REMARKS qu| w | LL | PL | sieve
Noj Type N | Depth ' (tsf)] @) | (%) | (%) | 200
= 23
— SILTY SAND (SM) - dense, gray. satuated, some 10.1 32.2

gl SS{18(5S |

oravel

|
[N
Lh

End of boring at 26 feet
Boring stopped due t0 boulder obstruction
Convented into piezometer PZ-4 in accordance with

=
in

NR 141.

A 140 Ib, antomatic impact hammer was used to
perform the Standard Penetration Test.
Qu values are readings recorded by a Pocket

=
: Penetrometer.
3 =] | | |
| WATER LEVEL OBSERVATIONS . GENERAL NOTES
!
\ While Drilling 15 Start _12/27/99 Complete _12/27/99
[ Depth to Water Crew Chief Ken Rig Diedrich D120
! Drilling Method _HSA, ASTM. D1452 & D1586
L K. SINGH & ASSOCIATES, INC.
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LOG OF TEST BORING .
Project -Valley Park Flood Control Plan Boring No. YEB&

Surface Elevation 21.14
Project No 4378

Location Northing: 383.493 79 Eastine: 2.543.425.60

Soil Testing Firmn Briohn Environmental, Pewaukee, W] Sheet 3 of 2
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
Gnchesy | AND_REMARKS Qu| w )1l ! PL sieve
Noj Type VY N | Depth (tsf)| (@) | (%) | (%) 200

— [TOPSOLL - 127
— FILL - Sandy Silt (ML) - medium dense, brown, 8.6
1{8S{12| M| 14 —2.5 moist. trace gravel
20.1
2( SS{ 14 M| 8 5.0
14.8
25
3/SS{14| ™M 75

7.5
GRAVEL (GW) dense, brown, moist to saturated.
well graded gravel with some sand and trace silt

!J
(B8]

o
[e]

RN TERARIARRRI NN

12.5
- 54
6188510 s ¥l—i50
| | | =175
. ig
0 I— SAND (SP} - dense. brown. saturated, poorly graded. 129
‘ 71ss| 8!s 2().Qcoarse grained sand with some gravel
| — |
| 12225 5 |
| WATER LEVEL OBSERVATIONS GENERAL NOTES
While Drilling 14 Start _12/27/99 Complete _12/27/99
Depth to Water Crew Chief Ken Rig Diedrich D120
Drilling Method HSA, ASTM, D1452 & D1586
g K. SINGH & ASSOCIATES, INC. @
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Project
Location Northing: 383.493.79 FEasting: 2.543,425.60

LOG OF TEST BORING

Valley Park Flood Control Plan

Boring No, VEB& ___
Surface Elevation 21.14

Project No 4378
Soil Testing Firm Briohn Environmental, Pewaukee, W1 Sheet 2 of 2
—"
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
(inches) AND REMARKS qu| W | LL ; PL | sieve
= SAND (SP) - very dense. brown, saturated, poorly
: araded, coarse grained sand with some gravel
8/8S| - (8] "0
—27.5
_ 28.5'
— SILTY SAND (SM) - very dense, brown, saturated, 8.7
9SS | 18| 8| &4 30 |some gravel
325
10{ SS| - [ S| - |—35
—37.5
1 __- 8.3 21.8
t19 T
12{ SS |18 |5 | ™ T 49
— End of Boring at 40 feet
— Abandoned in accordance with NR 141.25
; — A 140 lb. asptomatic impact hammer was ysed 10
— perform the Standard Penetration Test.
—_ Qu values are readings recorded by a Pocket
e Penetrometer. i
WATER LEVEL OBSERVATIONS ; GENERAL NOTES ;
Whiie Drlling - 14 [ Start _12/27/99 Completg _12/27/99 ?
i |
Depth 1o Water | Crew Chief Ken Rig Diedrich D120 §
i Drilling Method _HSA, ASTM, D1452 & DI1586 !
{
L K. SINGH & ASSOCIATES, INC. l
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LOG OF TEST BORING .
Project Valley Park Fiood Control Plan Boring No. YBE9

Surface Elevation 20.63
Project No 4378

Location Northing: 383.502.54 Easting: 2.543.357.29

Soil Testing Firm Briohn Environmental, Pewaukee. W1 Sheet ] of 1
—\
SAMPLE SOIL PROPERTIES
RECOVERY| MOISTURE VISUAL CLASSIFICATION P.P.
Ginches) j/ i AND-REMARKS gu ] w | YL | PL | sjeve
No| Type N | Depth (sh] () | (%) | (%) | 200
— TOPSOLL. - 12*
: FILL - Silty Clay (CL) - soft to medium stiff, brown. | 0.5 163
185|161 M) ¢ —2.5 [moist, little organics. trace sand
_ 1 23.1
2| 881 14y M| 7 |—50
— 15| 258
31S§|116| M| 4 — 5
— 298
—- 0.5
M| | — 9.5 .
4158 118 i—10.0 GRAVEL (GM) - medium dense 10 dense, brown.
: moist to saturated. little silt
— 6.8
5/88 | 8 IM |16 ___12 5
| —_ 93 11.8
| 61SS|{ 8 |5s{3r—150
‘ :]7 %|End of Boring at 17'
] * AI
| — Boring stopped due 1o refusal. Possible boulder.
— lAbandoned in accordance with NR 141.25
— s
i
WATER LEVEL OBSERVATIONS GENERAL NOTES !‘
= While Drilling 13’ Start _12/22/99 Complete _12/22/99 l
{ Depth to Water Crew Chief Kevin Rig Diedrich D120 )
Drilling Method HSA, ASTM. D1452 & D1586
\ K. SINGH & ASSOCIATES, INC. J o
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Menomonee River Restoration
Appendix A — Engineering Appendix

ATTACHMENT 3

SELECTED SOIL PARAMETERS
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Station

Boring Used

Approx. Distance

Between Boring
and Station
Centerline

(ft)

Bottom
Elevation
(ft)
(NAVD 1998)

0+50

VP-B7

450

597.8

587.4

Soil Classification

SP

Unit Weight
(pcf)

125

(psf)

Ave. N
Value

Ave. W
(%)

qu (tsf)

LL

PL

P.P. Sieve
200

Bed Rock

SC

125

800

38.5

2+00

VP-B7

250

597.8

587.4

Bed Rock

SC

125

800

38.5

9.5

8+00

VP-B5

135

591.1

579.1

Bed Rock

11+00

VP-B4

175

591.8

584.3

Bed Rock

12+00

VP-B4

180

591.8

584.3

Bed Rock

15+00

VP-B3

50

595.2

587.7

583.2

577.2

Bedrock
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Contents Mat'l %S v (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 04 N \0F
Computed by:  TCS Date: 6-Dec-12 GP-GM p D, = 100(—6")
Checked by: Date: Average Moist Unit Weight: #DIV/0! C N = a 60
Pa= O-vo
INPUTS Cy22
¥ Oyo (psf) Corrected | Relative
Nopt Thickness of (initial) Y to center Blow Count | Density (dqe>g) (v“’y e
Boring Sample Class Depth (ft) [ (field) Layer (ft) C (psf) Phi (deg) psf e w% 5% psf of layer Cy Nego =CuNgpe Dr% pef)
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 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
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
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Project: CAP-206-MENOMONEE, WI Prepared By:  Tim Smith Date: 06 Dec 2012
Subject: Checked By: Date:

US Army Corps
of Engineers Status: Feasibility

Louisville District

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

D ML SM, SC or SC-SM SM-SP or SP-SM SP or SW GP-GM, GP-GC, GC, GM GP GW
(%r) ¢ Ydry e ¢ Ydry e ¢ Ydry e ¢ Ydry e ¢ Ydry e ¢ Ydry e ¢ Ydry e
(deq) | (pcf) (dea) | (pcf) (deq) | (pcf) (dea) | (pcf) (deq) | (pcf) (deq) | (pcf) (deq) | (pcf)

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 [ 885 [ 0.89 |[ 275 | 96.0 | 0.74 || 27.8 | 103.0| 0.62 || 27.9 | 106.5] 0.57 || 28.0 | 110.0| 0.52 || 28.5 | 1185 0.41
10 |{ 27.0 [ 81.0 [ 1.05(f 275 [ 89.5 | 0.87 || 28.0 | 97.0 | 0.72 || 28.4 | 104.0] 0.60 || 28.7 | 107.5| 0.55 |[ 29.0 [ 111.0f 0.50 | 29.5 [ 120.0| 0.39
15 |[ 275 [ 82.0 [ 1.03 |[ 28.0 [ 90.0 | 0.85 || 285 | 98.0 | 0.71 || 29.0 | 105.0] 0.59 || 29.3 | 108.5| 0.54 |[ 29.5 [ 112.0f 0.49 ([ 30.0 [ 121.0| 0.38
20 || 28.0 | 83.0 | 1.01 || 285 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 || 285 | 840 | 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 | 123.0f 0.36
30 || 29.0 | 85.0 | 0.97 || 29.5 | 93.0 [ 0.80 |f 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 | 950 | 0.76 || 31.5 | 103.0| 0.62 |{ 32.3 | 110.0f 0.52 | 32.7 [ 1140 0.47 || 33.0 | 118.0| 0.42 || 34.0 | 1275] 0.31
45 | 305 ) 88.0 | 0.91 ) 31.0 | 96.0 | 0.74 || 32.0 | 104.0| 0.61 |{ 33.0 [ 111.0f 0.50 |f 33.5 [ 115.0| 0.45 || 34.0 | 119.0| 0.40 || 35.0 | 129.0] 0.30
50 || 31.0 | 885 | 0.89 || 32.0 { 97.0 [ 0.72 |f 33.0 [ 105.0( 0.59 || 33.6 | 112.0| 0.49 || 34.1 | 116.0| 0.44 || 345 | 120.0| 0.39 || 35.8 | 130.0| 0.28
55 || 31.5 | 89.5 | 0.87 || 325 [ 98.0 [ 0.70 |f 33.5 [ 106.0 057 || 344 | 113.0| 0.48 || 349 | 117.0) 043 || 35.3 | 121.0| 0.38 || 36.8 | 131.0f 0.27
60 || 32.0 | 90.0 | 0.85 || 33.0 { 99.0 { 0.69 |f 34.0 [ 107.0( 0.56 || 35.0 | 1140 0.46 || 35.5 | 118.3| 0.41 || 36.0 | 122.5] 0.36 || 37.5 | 133.0f 0.25
65 || 32.5 | 91.0 | 0.83 || 33.5 [ 100.0 | 0.67 |f 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 | 1345 0.24
70 || 33.0 | 92.0 | 0.82 || 34.0 [ 101.0f 0.65 |f 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 || 335 | 93.0 | 0.80 || 345 [102.0f 0.63 |f 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 | 138.0f 0.21
80 || 340 | 940 | 0.77 || 355 [103.0f 0.61 |f 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 | 140.0f 0.20
85 || 345 | 950 | 0.75 || 36.0 [ 105.0f 0.60 |f 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 | 141.0f 0.18
90 || 35.0 | 96.0 | 0.74 || 36.5 [ 106.0( 0.58 |f 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 | 143.0f 0.16
95 || 35,5 | 97.0 | 0.72 || 37.0 [{107.0f 0.56 |f 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 | 145.0f 0.15
100 || 36.0 | 98.0 | 0.70 )| 38.0 | 108.0| 0.55 || 39.0 | 116.0 | 0.44 |f 40.7 [ 124.0( 035 || 41.6 | 128.8| 0.30 || 425 | 133.5]| 0.25 || 45.0 | 147.0] 0.13
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Table 7.3 Design Soil Parameters

Fill Outwash Sands and Gravels Silts and Clays
Test Values Test Values ‘Test Values
Soil Parameter Symbol Units Design ValueIMinl Mux l Avpl Desipn Value lMiuI Max | Avp Design Value | Min l Max | Avp

Dry Unit Weight d pel 125 - - - 125 . e - 120 1l 129 120
Moisture Content w Y 5 .8 337 -- 5 22 298 - 17 12 23 17
Saturated Unit Weight Yo pef 144 - e . 144 - - - 140 - - -
Consolidution Purameters:

Ce - - -- - - - -~ - e -- 0.2 - - --

Cer - - -- S -- - - -- 0.02 -- -- -

OCR - - - - - - - S - 4 -- -- -

Cv - Qlyr - - - - -- - - 174 -- - -

Ca = in/inll.og

cycle time -- - e e -- - - -- 0.004 -- - --

€, - = = B D, e a: ZAN 3= 0.5 -- - -
Specific Gravity G - -- - - - - - - - 2.76 -- = -
Unconfined Compressive Strength qu tsf -- - - .- - - - 2 0.5 4.5 3
Internal Friction Angle ¢ degrees 30 S 30 - - -- 18 - -- -
Cohesion C sl 0 R - 0 - - -- 0.4 -- - -
Effective Internal Friction Angle ) degrees 30 - e e 30 - - - 28 - - -
Effective Cohesion G tsf 0 . e 0 e -- 04 -- -- --
Young's Modulus E psi 2,000 - e . 4.000 - - - 1,000 -- -- --
Poisson's Ratio u --- 0.2 R 0.3 - e -- 0.3 -- -- -
Sensitivity St = = - - e - 2 - - -
Coefficient of Earth Press. At Rest Ko -- 0.5 R 0.5 - .- -- 0.8 -- - -
Coefficient of Active Earth Press. Ka -- 0.33 - e e 0.33 - - -- .36 -- -- --
Hydraulic Conductivity K cmisec 1E-04 - e e 1LE-03 - - - 6.0E-06 - - -
Organic Content -- % -- S (I e = R N - & = ]

1) Design values based on investigation of K. Singh (2000) and A
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Project: Menomonee River Prepared By: P. Fowler Date: 05 Dec 2012
- Subject: FY 2012 Section 206 Checked By: T. Smith Date: 02 Jan 2013
US Army Corps Stone Sizing for 100-year Event
of Engineers Status: Feasibility

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

D, =0.0122v 206 o Ts14C9

Dyo= 1441 ft

ARS Rock Chutes
Approach for high-energy applications

Channel Slope, S;= 0.002 ft/ft
Unit Discharge, Qgesin = 262.6 ft¥/s/ft

If S<0.1. then
D,, =12(1.923yS5°)**  eq. TS14C-16

If 0.1 < S < 0.4, then
_ 05810529 eq. TS14C-17
D,, =120.233)S5™) a
Deo= 2.049 ft

USGS Method
Developed from Western US studies

Avg. Riffle Velocity, V = 10.14 ft/s
eq. TS14C-10

Dyo= 2.849 ft
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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

Elevation (ft)

625
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610

605

600

595

590

585

580

575

570

565

560

555

550

Name
Name
Name
Name
Name

: Concrete Wall

Unit Weight: 150 pcf

: Fill - Sand & Gravel
:SP  Unit Weight: 125 pcf

: Bedrock

Cohesion: 2e+005 psf

Unit Weight: 125 pcf
Cohesion: 0 psf

:SC  Unit Weight: 125 pcf

Cohesion: 800 psf

Cohesion: 0 psf
Phi: 36 °

Phi: 34 ©

-10

10

20
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40

50 60

Distance (ft)
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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

Elevation (ft)

625

620

615

610

605

600

595

590

585

580

575

570

565

560

555

550

Name
Name
Name
Name
Name
Name

: Concrete Wall

Unit Weight: 150 pcf

: Fill - Sand & Gravel
:SP  Unit Weight: 125 pcf

: Rip-rap
: Bedrock

Cohesion: 2e+005 psf

Unit Weight: 125 pcf
Cohesion: 0 psf

Unit Weight: 140 pcf

:SC  Unit Weight: 125 pcf

Cohesion: 800 psf

Cohesion: 0 psf

Cohesion: 0 psf
Phi: 36 °
Phi: 45 ©

Phi: 34 ©

-10

50 60

Distance (ft)
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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

Elevation (ft)

625

620

615

610

605

600

595

590

585

580

575

570

565

560

555

550

1414

Name
Name
Name
Name
Name

: Concrete Wall

Unit Weight: 150 pcf

: Fill - Sand & Gravel
:SP  Unit Weight: 125 pcf

: Bedrock

Cohesion: 2e+005 psf

Unit Weight: 125 pcf
Cohesion: 0 psf

:SC  Unit Weight: 125 pcf

Cohesion: 800 psf

Cohesion: 0 psf
Phi: 36 °

Phi: 34 ©
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50 60

Distance (ft)
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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

Elevation (ft)

625

620

615

610

605

600

595

590

585

580

575

570

565

560

555

550

Name
Name
Name
Name
Name
Name

: Concrete Wall

Unit Weight: 150 pcf

: Fill - Sand & Gravel
:SP  Unit Weight: 125 pcf

: Rip-rap
: Bedrock

Cohesion: 2e+005 psf

Unit Weight: 125 pcf
Cohesion: 0 psf

Unit Weight: 140 pcf

:SC  Unit Weight: 125 pcf

Cohesion: 800 psf

Cohesion: 0 psf

Cohesion: 0 psf
Phi: 36 °
Phi: 45 ©

Phi: 34 ©

-10

50 60

Distance (ft)

Attachment 6 - Page 5

70

80

90

100

110

Phi: 90 ©
Phi: 30 °



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

635 —
630 —
625 —
620 —
615 —
610 —
605 —
600 —

595 —

Elevation (ft)

590 —

585 —

580 —

575 —

570 —

565 —

560

Name
Name
Name
Name

Name
1.180
®

: Concrete Wall
: Fill - Sand & Gravel
. SP
: Bedrock
:SC

Unit Weight: 150 pcf
Unit Weight: 125 pcf

Unit Weight: 125 pcf

Unit Weight: 125 pcf

Cohesion: 0 psf

Cohesion: 800 psf

Cohesion: 2e+005 psf

Cohesion: 0 psf
Phi: 36 °

Phi: 34 ©
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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

Elevation (ft)

635

630

625

620

615

610

605

600

595

590

585

580

575

570

565

560

Name: Concrete Wall

Name: SP
Name: Rip-rap
Name: Bedrock
Name: SC

1.477
®

Unit Weight: 150 pcf
Name: Fill - Sand & Gravel
Unit Weight: 125 pcf
Unit Weight: 140 pcf

Unit Weight: 125 pcf

Unit Weight: 125 pcf
Cohesion: 0 psf

Cohesion: 2e+005 psf
Cohesion: 0 psf

Phi: 36 °
Cohesion: 0 psf

Cohesion: 800 psf

-10

50 60
Distance (ft)

Attachment 6 - Page 7

70

80

90

100

110

Phi: 45 °©

Phi: 34 °

Phi: 90 °
Phi: 30 ©



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 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

1.069
[ J

610 —

605 —

600 —

595 —

590 —

585 —

Elevation (ft)

580 —

£hAn

565 —

560 —
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-10 0 10 20 30 40 50 60 70 80 90 100 110

Distance (ft)
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Created By: Smith, Timothy C LRE
Date: 4/1/2013

Name: SLOPE/W Analysis Post Constriglian. %48 RpaiBorighNoveiGrB)s0 pcf  Cohesion: 2e+005 psf Phi: 90 °
Method: Spencer 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

1.350
®

630 —

625 —

620 —

615 —

610 —

605 —

600 —

595 —

590 —

585 —

Elevation (ft)

580 —

575 —

570 —
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565 —

-10 0 10 20 30 40 50 60 70 80 90 100 110
Distance (ft)
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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

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

0.952
®

620 —
615 —
610 —
605 —
600 —
595 —

590 —

585 —

580 —

Elevation (ft)

575 —

570 —

Y

565 —

560 —

5565 —

550 —

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

Distance (ft)
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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

Elevation (ft)

620

615

610

605

600

595

590

585

580

575

570

565

560

555

550

545

Name: Concrete Wall

Name:

Fill - Sand & Gravel

Unit Weight: 125 pcf
Cohesion: 0 psf

Unit Weight: 150 pcf

Cohesion: 2e+005 psf
Cohesion: 0 psf
Phi: 30 °

Cohesion: 0 psf

Name: SP  Unit Weight: 125 pcf
Name: SM  Unit Weight: 125 pcf
Name: Rip-rap  Unit Weight: 140 pcf

Name: Bedrock

1516

Cohesion: 0 psf

Phi: 35 °

Phi: 45 °
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Distance (ft)
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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

Name
Name

: Concrete Wall

Unit Weight: 150 pcf

Cohesion: 2e+005 psf

: Fill - Sand & Gravel  Unit Weight: 125 pcf  Cohesion: 0 psf

Name: SP  Unit Weight: 125 pcf  Cohesion: 0 psf  Phi: 30 °
Name: SM  Unit Weight: 125 pcf Cohesion: 0 psf  Phi: 35 °
Name: Bedrock
620 —
615 — 0.811
®
610 —
e
605 — e
600 — /
Fill - Sand & Gravel
595 —
= 59 —
.S 585 | —
S ss0 | —
(]
W 575 —
570 —
565 —
560 —
555 —
550 —
65 | | | | | | | | | | | |
-10 0 10 20 30 40 50 60 70 80 90 100 110

Distance (ft)
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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

Elevation (ft)

620

615

610

605

600

595

590 —

585

580

575

570

565

560

555

550

545

Name:
Name:

Concrete Walll
Fill - Sand & Gravel

Unit Weight: 150 pcf

Unit Weight: 125 pcf

Cohesion: 2e+005 psf
Cohesion: 0 psf

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
1.612
®
Fill - Sand & Gravel
| | | | | | | | | | |
-10 10 20 30 40 50 60 70 80 90 100 110

Distance (ft)
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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

Elevation (ft)

625

620

615

610

605

600

595

590

585

580

575

570

565

560

555

550

Name:
Name:

Concrete Wall  Unit Weight:
Fill - Sand & Gravel

Name: SW  Unit Weight: 125 pcf

Name: CL1  Unit Weight: 125 pcf

Name: SM  Unit Weight: 120 pcf

Name: Bedrock

Name: CL2  Unit Weight: 120 pcf
0.628

Ll

Unit Weight: 125 pcf

150 pcf  Cohesion: 2e+005 psf
Cohesion: 0 psf
Cohesion: 0 psf Phi: 34 °
Cohesion: 200 psf Phi: 0°
Cohesion: 0 psf  Phi: 33 °

Cohesion: 750 psf  Phi:0°

Fill - Sand & Gravel

CL2

pedrock

-10

0 10 20 30 40 50 60 70 80

Distance (ft)
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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

625

620

615

610

605

600

595

590

585

Elevation (ft)

580

575

570

565

560

555

550

Name: Concrete Wall ~ Unit Weight: 150 pcf  Cohesion: 2e+005 psf
Name: Fill - Sand & Gravel  Unit Weight: 125 pcf = Cohesion: 0 psf
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 °

CL2

pedrock

-10

10 20 30 40 50 60 70 80 90 100 110

Distance (ft)
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ATTACHMENT 7

BEARING CAPACITY CALCULATIONS
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Menomonee River

Prepared By: P. Folwer Date: 17 Dec 2012

FY 2012 Section 206

Checked By:  T. Smith Date: 03 Jan 2013

Project:
m Subject:

At MEN0112

US Army Corps Tan-Brown Gravelly-Sand

Status: Feasibility

of Engineers

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 24.0 feet Embedment Depth, D 0.0 feet
Foundation Length, L 22.0 feet Wet Unit Weight, yyetp 129.2 pcf
Reduction Factor, r, = 1-0.25-log(B/6) (for B> 6) 0.85 Saturated Unit Weight, v p 144.0 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) 0.9 feet
Angle of Internal Friction, ¢ (deg) 30 Angle of Internal Friction, ¢ 30 deg
Cohesion Interept, ¢ (psf) 0 Cohesion Interept, ¢ 0 psf
Wet Unit Weight, e (PCF) 129.2 Wet Unit Weight, yyet v 129.2 pcf
Saturated Unit Weight, v 4 (pcf) 144.0 Saturated Unit Weight, yeg 1 144.0 pcf

Effective Shear Depth of Interest

Effective Shear Depth of Interest, H = 0.5-B-tan(45 + ¢/2) 20.8 feet

K,, = (0.435-0.00716-¢) %) 51.77
(from curve-fit to Bowles' backcalculated K, values)

Bearing Capacity Factors

N, = @75 #2%@) 1 2.c05%(45 + ¢/2) 22.46
N, = (Ng - 1)-cot(¢) (if $=0, No=r+2) 37.16
N, = tan(¢)/2-(K,,/cos*(9) - 1) 19.64

Gross Bearing Pressures

Factor of Safety, FS 3.0
Quit = C-N¢'Se + Yerr o' D-Ng + 0.5Ygr 4°B-N,s, 1, 13,038 psf
Gross Allowable Bearing Capacity, g, = gy / FS 4,346 psf

Attachment 7 - Page 3

Version 06012005

Effect of Water Table on Bearing Capacity

Depth to Water Table from Ground Surface, Dgyt 0.0 feet
Yett.0 = Ywetd - Yw (D - Dawr)/D (for 0 < Dewr<D) 81.6 pcf
YettH = ¥'v + Yuw (D - Dewr)/H (for D <Dgwr<D + H) 81.6 pcf
Shape Factors
For: || Strip | Round|Square

ss || 1 1.3 1.3 Se 1.30

s, | 1 [ o6 08 s, 0.80
Net Bearing Pressures
Net ¢y = Gross gy - dp = Gross gy - Yert p'D 13,038 psf
Net Allowable Bearing Capacity, g, = Net q,; / FS 4,346 psf
Recommended Maximum Net Allowable Bearing Pressure 4,000 psf

(based on settlement considerations)

Bearing Capacity of Soil - Menomonee Sandy.xls: Terzaghi



Menomonee River

Prepared By: P. Folwer Date: 17 Dec 2012

FY 2012 Section 206

Checked By:  T. Smith Date: 03 Jan 2013

Project:
m Subject:

At boring MEN0109

US Army Corps Gray Gravelly-Silt

Status: Feasibility

of Engineers

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 24.0 feet Embedment Depth, D 0.0 feet
Foundation Length, L 22.0 feet Wet Unit Weight, yyetp 134.3 pcf
Reduction Factor, r, = 1-0.25-log(B/6) (for B> 6) 0.85 Saturated Unit Weight, v p 140.0 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) 2.1 feet
Angle of Internal Friction, ¢ (deg) 18 Angle of Internal Friction, ¢ 18 deg
Cohesion Interept, ¢ (psf) 400 Cohesion Interept, ¢ 400 psf
Wet Unit Weight, e (PCF) 134.3 Wet Unit Weight, yyet v 134.3 pcf
Saturated Unit Weight, v 4 (pcf) 140.0 Saturated Unit Weight, yeg 1 140.0 pcf

Effective Shear Depth of Interest

Effective Shear Depth of Interest, H = 0.5-B-tan(45 + ¢/2) 16.5 feet

K,, = (0.435-0.00716-¢) %) 21.93
(from curve-fit to Bowles' backcalculated K, values)

Bearing Capacity Factors

N, = @75 #2%@) 1 2.c05%(45 + ¢/2) 6.04
N, = (Ng - 1)-cot(¢) (if $=0, No=r+2) 15.52
N, = tan(¢)/2-(K,,/cos*(9) - 1) 3.78

Gross Bearing Pressures

Factor of Safety, FS 3.0
Quit = C-N¢'Se + Yerr o' D-Ng + 0.5Ygr 4°B-N,s, 1, 10,471 psf
Gross Allowable Bearing Capacity, g, = gy / FS 3,490 psf

Attachment 7 - Page 4

Version 06012005

Effect of Water Table on Bearing Capacity

Depth to Water Table from Ground Surface, Dgyt 0.0 feet
Yett.0 = Ywetd - Yw (D - Dawr)/D (for 0 < Dewr<D) 77.6 pcf
YettH = ¥'v + Yuw (D - Dewr)/H (for D <Dgwr<D + H) 77.6 pcf
Shape Factors
For: || Strip | Round|Square

ss || 1 1.3 1.3 Se 1.30

s, | 1 [ o6 08 s, 0.80
Net Bearing Pressures
Net ¢y = Gross gy - dp = Gross gy - Yert p'D 10,471 psf
Net Allowable Bearing Capacity, g, = Net q,; / FS 3,490 psf
Recommended Maximum Net Allowable Bearing Pressure 3,250 psf

(based on settlement considerations)

Bearing Capacity of Soil - Menomonee SiltClay.xls: Terzaghi



Menomonee River Restoration
Appendix A — Engineering Appendix

ATTACHMENT 8

SSP WALL ANALYSIS RESULTS
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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

E R

* INPUT DATA *

E R

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 0+50 LS

11.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

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

1V.--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) (FD)
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
Page 1
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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

VI1.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

FKEAIAAXAAAAAAAAAAAAAAAAAAhhiiX

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

R R R R e R e R R R AR AR R R R A

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 0+50 LS

11.--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.

e NET-————— >

NET  <---LEFTSIDE---> (SOIL + WATER) <--RIGHTSIDE--->
ELEV. WATER PASSIVE ACTIVE  ACTIVE PASSIVE  ACTIVE PASSIVE
(FD (PSF) (PSF) (PSF) (PSP) (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. -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

AEAIAAXAAAAXAAAAXAAAAAAAAAAAhAAhhk

*  SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R R R R R R AR R R e ]

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 0+50 LS

11.--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

Page 3
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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

AEAIAAXAAAAXAAAAAAAAAAAAAAAhAAhik

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R o R T S R R AR R R AR

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 0+50 LS

11.--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.

111.--WATER AND SOIL PRESSURES

S 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.

Page 4
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587.40
587.30
587.00
586.00
585.00
584 .86
584.00
583.00
582.72
582.06
581.00

152.
206.
268.
286.
327.
393.

Untitled

0. 0.

0. 0.

0. 0.

0. 0.

0. 0.
152. 16.
1082. 110.
1400. 143.
1489. 152.
1718. 175.
2036. 208.
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450.
463.
3527.
3796.
4097 .
4135.
4367 .
4668.
4762.
5004.
5314.



Untitled
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 1-APRIL-2013 TIME: 9:47:23

E R

* INPUT DATA *

E R

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 2+00 LS

11.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

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

1V.--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
V1.--WATER DATA
UNIT WEIGHT = 62.40 (PCF)
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587.30 (FT)
580.00 (FT)

RIGHTSIDE ELEVATION
LEFTSIDE ELEVATION
NO SEEPAGE

VI11.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

R R R R e R e R R R AR AR R R R R R

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

FAEAIAAXAAAAXAAAAXAAAAAAAAAAhhiX

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 2+00 LS

11.--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

R R R R R S R R R R AR R R R

* SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

AEAIAAXAAAAXAAAAXAAAAAAAAAAAhAAhhk

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 2+00 LS

11.--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
Page 3
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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

R R R R R R R R e R R R AR R R AR Rk

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

AEAIAAAAAAAAAAAAAAAAAAAAAhAAik

I .——HEADING
*MENOMONEE SSP WALL ANALYSIS 2+00 LS

11.--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.

111.--WATER AND SOIL PRESSURES

< ——— SOIL PRESSURES--—--—-——————-— >

WATER <-—--LEFTSIDE----- > <-—-RIGHTSIDE---->

ELEVATION PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE
(FD (PSF) (PSF) (PSF) (PSF) (PSH)
597.80 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
585.00
584 .86
584.00
583.00
582.58
582.09
581.00

81.
144.
152.
206.
268.
294.
325.
393.

Untitled

0. 0.

0. 0.
152. 16.
1082. 110.
1400. 143.
1533. 156.
1718. 175.
2036. 208.
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4730.
5032.
5084.
5403.
6034.
6456.
7045.
8461.



Untitled
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 1-APRIL-2013 TIME: 9:49:18

E R

* INPUT DATA *

E R

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 02+00 RS

11.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

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

1V.--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) (FD)

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

V1 .--WATER DATA
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UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 587.30 (FT)
LEFTSIDE ELEVATION = 580.00 (FT)

NO SEEPAGE

VI1.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

FEAIAAXAAAAXAAAAAAAAAAAAAAhhih

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

R R R R e R R R R AR AR R R R R e

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 02+00 RS

11.--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.

e NET--———— >

NET  <---LEFTSIDE---> (SOIL + WATER) <--RIGHTSIDE--->
ELEV. WATER PASSIVE ACTIVE  ACTIVE PASSIVE  ACTIVE  PASSIVE
(FD (PSF) (PSF) (PSF) (PSP) (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

AEAIAAXAAAAXAAAAXAAAAAAAAAAAhhAhikx

*  SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R R R e R e R AR R R e

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 02+00 RS

11.--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

AEAIAAXAAAAXAAAAAAAXAAAAAAAAhAhik

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R R R R e R R R AR R R AR R Rk

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 02+00 RS

11.--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.

111.--WATER AND SOIL PRESSURES

S 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
586.00
585.00
584 .86
584.00
583.00
582.58
582.09
581.00

19.

81.
144.
152.
206.
268.
295.
325.
393.

Untitled

0. 0.

0. 0.

0. 0.
152. 16.
1082. 110.
1400. 143.
1534. 156.
1718. 175.
2036. 208.
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Untitled
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 1-APRIL-2013 TIME: 9:51:18

E R

* INPUT DATA *

E R

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 08+00 RS

11.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

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

1V.--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
4440 614.00
50.70 618.00
53.50 620.00
91.00 620.90
IV.B.--LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FD)
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

VI1.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

FKEAIAAXAAAAAAAAAAAAAAAAAAhhiiX

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

R R R R e R e R R R AR AR R R R A

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 08+00 RS

11.--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
(FD) (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 25747
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 26747
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

AEAIAAXAAAAXAAAAXAAAAAAAAAAAAAhik

*  SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R R R T R e R R AR R R ek

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 08+00 RS

11.--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
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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

AEAIAAXAAAAXAAAAAAAAAAAAAAAXAAik

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R R R S R R R AR R R AR R Rk

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 08+00 RS

11.--RESULTS

BENDING SCALED NET
ELEVATION MOMENT SHEAR DEFLECTION PRESSURE
(FD) (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
569.00
568.00
567.00
566.03
566.00
565.00
564.00
563.00
562.00
561.00
560.00
559.72

Untitled

8.3873E+04 -2389. 2.4543E+09
8.0580E+04 -4219. 1.7549E+09
7.5391E+04 -6181. 1.1945E+09
6.8173E+04 -8276. 7.6399E+08
5.9080E+04 -10442. 4 _5813E+08
5.8794E+04 -10504. 4 _5102E+08
4_7371E+04 -12135. 2.3933E+08
3.4942E+04 -12514. 1.0935E+08
2_.2760E+04 -11641. 3.9785E+07
1.2077E+04 -9517. 9.7680E+06
4_1441E+03 -6141. 1.0165E+06
2.1280E+02 -1513. 2_3798E+03
0.0000E+00 0. 0.0000E+00
NOTE DIVIDE SCALED DEFLECTION MODULUS OF

ELLASTICITY

OF
IN

IN PSI
INERTIA IN
INCHES.

111.--WATER AND SOIL PRESSURES

ELEVATION

590.00
589.90
589.00
588.00
587.30
587.00
586.00
585.00
584 .00
583.50+
583.50-
583.00
582.62
582 .58+
582.58-
582.50
582.00
581.00
580.00
579.10+
579.10-
579.00
578.00
577.00
576.00
575.00
574.00
573.00
572.00
571.00
570.00
569.00
568.00
567.00
566.03
566.00

WATER
PRESSURE

(PSF)
0

OOO0OO0OO0O0

19.
81.

206.
237.
237.
268.
292.
295.
295.
300.
331.
393.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.
456.

TIMES PILE MOMENT
IN*4 TO OBTAIN DEFLECTION

-1763.20
-1895.99
-2028.77
-2161.56
-2290.71
-2256.55
-1004.88

246.78
1498 .44
2750.11
4001.77
5253.43
5602.38

<---RIGHTSIDE---->

< ——— SOIL PRESSURES
<-—--LEFTSIDE----- >
PASSIVE ACTIVE ACTIVE
(PSF) (PSF) (PSF)
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 0.
0. 0. 16078.
1658. 0. 16078.
1750. 0. 14753.
1820. 0. 1528.
1828. 0. 0.
1828. 0. 0.
1842. 0. 0.
1935. 0. 0.
2119. 0. 0.
2304. 0. 0.
2390. 0. 0.
1010. 159. 0.
1024. 161. 0.
1156. 182. 0.
1289. 203. 0.
1422. 223. 0.
1555. 244 . 0.
1688. 265. 0.
1820. 286. 0.
1953. 307. 0.
2086. 328. 0.
2219. 349. 0.
2352. 370. 0.
2484 . 390. 0.
2617. 411. 0.
2746. 432. 0.
2750. 432. 0.
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PASSIVE
(PSF)
0.
0.
0.
0.
3027.
2002.
2124.
2163.
2262.
2361.
2460.
2509.
2509.
2612.
2806.
2828.
2795.
2828 .
2989.
3527.
4063.
2575.
2575.
2540 .
4368.
5703.
7816.
11508.
20098.
18064 .
77459.
69497 .
1742.
9601 .
9754.
9908.
2872.
2675.



565.00
564.00
563.00
562.00
561.00
560.00
559.72
558.00

456.
456.
456.
456.
456.
456.
456.
456.

Untitled

2883. 453.
3015. 474.
3148. 495
3281. 516.
3414. 536.
3547. 557.
3679. 578.
3812. 599.
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2739.
10188.
10339.
10489.

3666 .

3744.
10796.
10945.



Untitled
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 1-APRIL-2013 TIME: 9:52:23

E R

* INPUT DATA *

E R

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 11+00 RS

11.--CONTROL
CANTILEVER WALL DESIGN
FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

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

1V.--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) (FD)
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

V1 .--WATER DATA
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UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 587.30 (FT)
LEFTSIDE ELEVATION = 580.00 (FT)

NO SEEPAGE

VI1.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

FEAIAAXAAAAXAAAAAAAAAAAAAAhhih

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

R R R R e R R R R AR AR R R R R e

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 11+00 RS

11.--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
(FD) (PSF) (PSF) (PSF) (PSH) (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 134541
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

AEAIAAXAAAAXAAAAXAAAAAAAAAAAhAAhhk

*  SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R R R R R R AR R R e ]

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 11+00 RS

11.--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

AEAIAAXAAAAXAAAAAAAAAAAAAAAhAAhik

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

R R R R R o R T S R R AR R R AR

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 11+00 RS

11.--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.

111.--WATER AND SOIL PRESSURES
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Untitled

WATER <-—--LEFTSIDE----- > <-—-RIGHTSIDE---->

ELEVATION PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE
(FD (PSF) (PSF) (PSF) (PSF) (PSF)
591.80 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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DATE: 1-APRIL-2013

Untitled
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

TIME: 9:53:12

*x

EaR =

*

*x

1.--HEADING

EaR =

"MENOMONEE SSP WALL ANALYSIS 12+00 RS

11.--CONTROL
CANTILEVER WALL DESIGN

FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

111.--WALL DATA
ELEVATION AT TOP OF WA

1V.--SURFACE POINT DATA

IV.A.--RIGHTSIDE
DIST. FROM EL
WALL (FT)

0.00

2.14
15.60
2440
30.60
36.30
48.00

IV.B.--LEFTSIDE
DIST. FROM EL
WALL (FT)

0.00

V.--SOIL LAYER DATA

V.A.--RIGHTSIDE
LEVEL 2 FACTOR OF
LEVEL 2 FACTOR OF

ANGLE OF
SAT.  MOIST INTERNAL COH-
WGHT.  WGHT. FRICTION ESION
(PCF)  (PCF) (DEG)  (PSF)
125.00 125.00 30.00  0.00
125.00 120.00 35.00  0.00
125.00 125.00  30.00  0.00

V.B.--LEFTSIDE
LEVEL 2 FACTOR OF
LEVEL 2 FACTOR OF

ANGLE OF
SAT.  MOIST INTERNAL COH-
WGHT.  WGHT. FRICTION ESION
(PCF)  (PCF) (DEG)  (PSF)
125.00 120.00 35.00 0.00
125.00 125.00 30.00  0.00

V1 _.--WATER DATA

LL = 590.

EVATION
(FT)
589.40
590.20
597.50
600.00
602.00
604 .00
606.00

EVATION

(FT)
583.10

SAFETY FOR
SAFETY FOR

ANGLE OF
WALL
FRICTION
(DEG)
0.00
0.00
0.00

SAFETY FOR
SAFETY FOR

ANGLE OF
WALL
FRICTION
(DEG)
0.00
0.00

Page

Attachment 8 -

00 FT.

ACTIVE PRESSURE = DEFAULT
PASSIVE PRESSURE = DEFAULT
<-SAFETY->
ADH- <--BOTTOM--> <-FACTOR->
ESION ELEV. SLOPE ACT. PASS.
(PSF) (FT) (FT/FT)
0.00 591.80 0.00 DEF DEF
0.00 584.30 0.00 DEF DEF
0.00 DEF DEF
ACTIVE PRESSURE = DEFAULT
PASSIVE PRESSURE = DEFAULT
<-SAFETY->
ADH- <--BOTTOM--> <-FACTOR->
ESION ELEV. SLOPE ACT. PASS.
(PSF) (FT) (FT/FT)
0.00 584.30 0.00 DEF DEF
0.00 DEF DEF
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Untitled

UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 587.30 (FT)
LEFTSIDE ELEVATION = 580.00 (FT)

NO SEEPAGE

VI1.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

FEAIAAXAAAAXAAAAAAAAAAAAAAhhih

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

R R R R e R R R R AR AR R R R R e

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 12+00 RS

11.--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
(FD) (PSF) (PSF) (PSF) (PSH) (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 81l.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 4248 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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Untitled

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 5087.2 637.4 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 5905.1 -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

R R R R R R R o R e R R AR R R e

* SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

B R o R R R e

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 12+00 RS

11.--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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Untitled
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

R R R R R R R R e R R R AR R R AR ]

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

AEAIAAXAAAAXAAAAAAAAAAAAAAAhAAhik

I .——HEADING
*MENOMONEE SSP WALL ANALYSIS 12+00 RS

11.--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

=
o
|
m

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

111.--WATER AND SOIL PRESSURES

< ——— SOIL PRESSURES--—--—-——————-— >
WATER <-—--LEFTSIDE----- > <-—-RIGHTSIDE---->
ELEVATION PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE
(FD (PSF) (PSF) (PSF) (PSF) (PSF)
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591.80
590.00
589.40
589.00
588.00
587.30
587.00
586.00
585.00
584.30
584.00
583.10
583.00
582.10
582.08
582.00
581.00
580.00
579.00
578.00
577.00
576.00
575.52
575.00
574 .04
573.00

Untitled

0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
0. 0.
385. 42 .
651. 72.
658. 72.
681. 75.
977. 107.
1273. 140.
1568. 172.
1864. 205.
2160. 237.
2456. 270.
2599. 286.
2752. 302.
3048. 335.
3344. 367.
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37.
51.
80.
90.
126.
171.
221.
243.
285.
290.
331.
332.
335.
381.
425.
462.
494 .
538.
579.
592.
605.
637.
669.

0.
0.

11881.
168.
252.

1194.
1913.
2501.
2545.
2591.
2938.
2981.
3371.
3381.
3414.
3848.
4282 .
4713.
5077.
5251.
5455.
5570.
5693.
5867.
6100.



DATE: 1-APRIL-2013

Untitled
PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

*x

EaR =

*

*x

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 15+00 RS

11.--CONTROL
CANTILEVER WALL DESIGN

EaR =

FACTOR OF SAFETY FOR ACTIVE PRESSURES
FACTOR OF SAFETY FOR PASSIVE PRESSURES

111.--WALL DATA

SAT.
WGHT .
(PCF)

125.00

125.00

125.00

125.00

125.00

SAT.
WGHT .
(PCF)

125.00

125.00

125.00

ELEVATION AT TOP OF WALL

1V.--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

MOIST
WGHT .
(PCF)

125.00

125.00

125.00

120.00

125.00

ANGLE OF
INTERNAL COH-

FRICTION ESION FRICTION ESION

(DEG)  (PSF)
32.00 0.00
34.00 0.00
10.00 200.00
33.00 0.00
18.00 750.00

V.B.--LEFTSIDE

MOIST
WGHT .
(PCF)

125.00

120.00

125.00

LEVEL 2 FACTOR OF
LEVEL 2 FACTOR OF

ANGLE OF

INTERNAL  COH-

FRICTION ESION
(DEG)  (PSF)
10.00 200.00
33.00 0.00
18.00 750.00

V1 _.--WATER DATA

ANGLE OF

WALL  ADH-
(DEG)  (PSF)
0.00 0.00
0.00  0.00
0.00  0.00
0.00  0.00
0.00  0.00

SAFETY FOR ACTIVE PRESSURE
SAFETY FOR PASSIVE PRESSURE

ANGLE OF
WALL ADH-
FRICTION ESION
(DEG) (PSF)
0.00 0.00
0.00 0.00
0.00 0.00
Page 1
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= 590.00 FT.

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURE
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURE

TIME: 9:54:17

= DEFAULT
= DEFAULT
<-SAFETY->
<--BOTTOM--> <-FACTOR->
ELEV. SLOPE ACT. PASS.
(FT) (FT/FT)
595.20 0.00 DEF DEF
587.70 0.00 DEF DEF
583.20 0.00 DEF DEF
577.20 0.00 DEF DEF
DEF DEF
= DEFAULT
= DEFAULT
<-SAFETY->
<--BOTTOM--> <-FACTOR->
ELEV. SLOPE ACT. PASS.
(FT) (FT/FT)
583.20 0.00 DEF DEF
577.20 0.00 DEF DEF
DEF DEF



Untitled

UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 587.30 (FT)
LEFTSIDE ELEVATION = 580.00 (FT)

NO SEEPAGE

VI1.--VERTICAL SURCHARGE LOADS
NONE

VII11.--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

FEAIAAXAAAAXAAAAAAAAAAAAAAhhih

* SOIL PRESSURES FOR *
* CANTILEVER WALL DESIGN *

R R R R e R R R R AR AR R R R R e

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 15+00 RS

11.--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
(FD) (PSF) (PSF) (PSF) (PSH) (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 12448 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 52445 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 4741 -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 52440 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

R R R R R R R S e R R R AR R R AR Rk

* SUMMARY OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

AEAIAAXAAAAXAAAAXAAAAAAAAAAAhAhhk

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 15+00 RS

11.--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.
Page 3
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Untitled

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-INA3): 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

R R R R R R R S e R R R AR R R R e ]

* COMPLETE OF RESULTS FOR *
* CANTILEVER WALL DESIGN *

AEAIAAAAAAXAAAAAAAAAAAAAAAhhiik

1.--HEADING
"MENOMONEE SSP WALL ANALYSIS 15+00 RS

11.--RESULTS

BENDING SCALED NET
ELEVATION MOMENT SHEAR DEFLECTION PRESSURE
(FD) (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
Page 4
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576.00
575.00
574.00
573.00
572.75
572.00
571.00
570.97
570.70

ELEVATION
(FT
595.20
590.00
589.20
589.00
588.00
587 .82+
587.82-
587.70
587.30
587.00
586.00
585.00
584 .00
583.20
583.10+
583.10-
583.00
582.10
582.00
581.00
580.00
579.39
579.17
579.00
578.00
577 .39+
577.39-
577.20
577.00
576.00
575.00
574.00
573.00
572.75
572.00
571.00
570.97+
570.97-
570.70
569.00

Untitled

1.1843E+04 171. 1.1818E+08 -982.25
1.1496E+04 -890. 6.2458E+07 -1140.30
1.0010E+04 -2109. 2_.6437E+07 -1298.34
7.2252E+03 -3487. 7 .5266E+06 -1456.39
6.3254E+03 -3849. 4 _9999E+06 -1495.17
3.2301E+03 -4044. 9.0351E+05 978.19
2_2161E+02 -1427. 2.9474E+03 4255 .87
1.8197E+02 -1302. 1.9678E+03 4351.11
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.
111.--WATER AND SOIL PRESSURES
< ——— SOIL PRESSURES--—--————————-— >
WATER <-—--LEFTSIDE----- > <-—-RIGHTSIDE---->
PRESSURE PASSIVE ACTIVE ACTIVE PASSIVE
(PSF) (PSF) (PSF) (PSF) (PSF)
0. 0. 0. 0. -
0. 0. 0. 0. 0.
0. 0. 0. 0. 0.
0. 0. 0. 187. 1141.
0. 0. 0. 53. 391.
0. 0. 0. 0. 657.
0. 0. 0. 0. 551.
0. 0. 0. 0. 657.
0. 0. 0. 0. 987.
19. 0. 0. 0. 973.
81. 0. 0. 0. 1164.
144. 0. 0. 45. 1401.
206. 0. 0. 163. 1691.
256. 0. 0. 345. 2544 _
262. 0. 0. 362. 2653.
262. 300. 0. 362. 2653.
268. 331. 0. 366. 2686.
324. 474 . 0. 398. 2934.
331. 490. 0. 401. 2969.
393. 648. 0. 430. 3334.
456. 806. 0. 459. 3692.
456. 903. 0. 475. 3929.
456. 936. 19. 481. 4011.
456. 964 . 34. 485. 4078.
456. 1122. 122. 505. 4468.
456. 1218. 176. 0. 4981.
456. 1218. 176. 0. 4858.
456. 1248. 192. 0. 4981.
456. 1280. 210. 0. 5095.
456. 1438. 298. 0. 5272.
456. 1596. 386. 0. 5304.
456. 1754. 474 . 0. 5301.
456. 1912. 562. 0. 5325.
456. 1951. 584. 0. 5336.
456. 2070. 650. 0. 5370.
456. 2228. 738. 0. 5451.
456. 2233. 741. 0. 5603.
456. 2233. 741. 0. 5455.
456. 2386. 826. 49. 5603.
456. 2544 914. 99. 5897.
Page 5
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Menomonee River Restoration
Appendix A — Engineering Appendix

ATTACHMENT 9

WPA WALL STABILITY CALCULATIONS
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PROJECT TITLE:

COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta. 0+50 LS E. Lenhardt 2/28/2013

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.

OVERTURNING

Unit Weight of Soil, y; =
Height of Wall, H' =

(} =

' =

Coefficient of Rankine's Active
Earth Pressure, K, =

Rankine Active Force, P, =

— 2.5__ ©
S A3 r
e 51 =
h pa 3
2.8667 .
10
1 .

P, = 5 7H 7K,

125 LB/FT?

12 FT

cosa —+/cos® a —cos’ ¢'

K, =cosa

COS @ ++/cos? a — cos* ¢!

9 deg
30 deg

0.346288502

3116.596519 LB/FT

(Das Eqtn 11.45)

(Das Eqtn 11.44)

P, = P,sina = 1267.634006 LB/FT
P, = P,COSQ = 2847.152593 LB/FT
Weight/Unit
. Moment Arm Moment
Section No. Area (t?) Length i
(LBIFT) * (FT) (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
Py 1267.634006 10 12676.34
VvV 11473.63 Mg 79367.95
*Concrete Unit Weight = 150 Ib/ft®
Z M, =P, % (Das Eqtn 13.4)

Overturning Moment, =M, =

11388.61037 LB-FT/FT
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta. 0+50 LS E. Lenhardt 2/28/2013
2 Me D
ES &R (Das Eqtn 13.3)
(overturnirg)
2 Mo
Factor of Safety for Overturning, FSerturming) = 7.0 OKAY, since FS>2
SLIDING
(> V)tan(k,4,)+Bk,c,+P
FS, = r(k1¢2) Co+hy (Das Eqtn 13.13)
(sliding) P
h
Assume k; =k, = 0.66 (Varies between 0.5 - 0.66)
oy = 30 deg
o, = 36 deg
Width of Wall, B = 0FT
Cohesion, ¢', = 0 LB/FT?
Py = 0 LB/FT
Factor of Safety for Sliding, FSiging) = 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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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 2+00 LS E. Lenhardt 3/28/2013

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.

__I 2.5|-_ ,'\:

l — 3.5 4: 5] %
- z 3
T L . )
2.6664 e
1.33sgl |
9.9395

2+00 LS

OVERTURNING

P = ly H"Z?K (Das Eqtn 11.45)
a 1 a
2
Unit Weight of Sail, y; = 125 LB/FT®
Height of Wall, H' = 12 FT

COsa —+/cos® a —Ccos® ¢'

K, =cosa (Das Eqtn 11.44)
COSx ++/C0S? o — COS° ¢'
a= 2 deg
o = 30 deg
Coefficient of Rankine's Active
Earth Pressure, K, = 0.333943995
Rankine Active Force, P, = 3005.495954 LB/FT
P, = Pgsina = 1222.445335 LB/FT
P, = P,cosa = 2745.657177 LB/FT
Weight/Unit
. Moment Arm Moment
Section No. Area (ft?) Length I
(LB/FT) * (FT) (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
P, 1222.445335 10.00 12223.84
v 11608.00 Mg 80469.84
*Concrete Unit Weight = 150 Ib/ft®
M, =P, H (Das Eqtn 13.4)
3
Overturning Moment, M, = 10982.62871 LB-FT/FT
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 2+00 LS E. Lenhardt 3/28/2013

M
Fs(overturnirg) = %NIZ

Factor of Safety for Overturning, FSerturming) = 7.3 OKAY, since FS>2
SLIDING
U 1
B () V )tan(k,g, )+ Bk,c ,+P,
(sliding) —
R1
Assume k; =k, = 0.66
oy = 30 deg
o, = 36 deg
Width of Wall, B = 9.9995 FT
Cohesion, ¢', = 0 LB/FT?
Po= 0 LBIFT
Factor of Safety for Sliding, FSiging) = 1.86 OKAY, since FS>1.5

REFERENCES

(Varies between 0.5 - 0.66)

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta. 2+00 RS E. Lenhardt 2/28/2013

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.

OVERTURNING

Unit Weight of Soil, y; =
Height of Wall, H' =

(] =

=

Coefficient of Rankine's Active
Earth Pressure, K, =

Rankine Active Force, P, =
P, = Pgsina =

™
=
—_— 2.5 —
_ s
4 o
| 5
- 2 i3
f L
zesy |
1.3332 e
10-16562

2+00 RS

1
_ 2
Pa =71 H K a
2
125 LBIFT®
125 FT
COSx —+/C0S% @ —C0s? ¢’
K, =cosa /
cosa +4/cos? & — cos? ¢
24 deg
30 deg
0.472376676

4613.053474 LB/FT
1876.297885 LB/FT

(Das Eqtn 11.45)

(Das Eqtn 11.44)

P,, = P,cosa = 4214.234047 LB/FT
Weight/Unit
’ Moment Arm Moment
Section No. Area (ft?) Length N
(LBIFT) * (FT) (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
Py 1876.297885 10.17 19081.95
2V 12569.35 >Mg 90463.94
*Concrete Unit Weight = 150 Ib/ft®
H
Z M, =P, ? (Das Eqtn 13.4)

Overturning Moment, XM, =

17559.30853 LB-FT/FT
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta. 2+00 RS E. Lenhardt 2/28/2013

M
FS(ovenurnirg) = %:NI‘:

Factor of Safety for Overturning, FSertuming) = 5.2 OKAY, since FS>2
SLIDING
1 U
o >V )tan(k,g,)+Bk,c, +P,
(sliding) —
I:)h
Assume k; =k, = 0.66
Py = 30 deg
P, = 36 deg
Width of Wall, B = 1017 FT
Cohesion, ¢', = 0 LB/FT?
Pp= 0 LB/FT
Factor of Safety for Sliding, FSgjiging) = 1.31 NO GOOD

REFERENCES

(Varies between 0.5 - 0.66)

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stab Anal Sta. 2+00 RS Post Const E. Lenhardt 3/28/2013
Assumptions: The battered h-piles embedded into the concrete grade beam were neglected.
o
[
{ Ib' o
— .8 — °
-~
K
-"I
;’ N o
i 4 o
¥ } F 5
o 23
- :: oy |
..\:k 1.3337 e
\‘\\ 15,1043
s
SLIDING
1 12
P = —y H K (Das Eqtn 11.45)
a 1 a
2
Unit Weight of Soil, y; = 125 LB/FT®
Height of Wall, H' = 125 FT
Cosa —+/cos® a —cos® ¢'
K, =cosa 4 (Das Eqtn 11.44)
COSax ++/c0s? a — cos? ¢'
a= 24 deg
o = 30 deg
Coefficient of Rankine's Active
Earth Pressure, K, = 0.472376676
Rankine Active Force, P, = 4613.053474 LB/FT
P, = P,sina = 1876.297885 LB/FT
Ph = P,cosa = 4214.234047 LB/FT
Weight/Unit
Section No. Area (ft%) Length Morrzltirjrt)Arm (L'\é?;TT??T)
(LB/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
Py 1876.297885 10.17 19081.95
2V 12569.35 Mg 90463.94
*Concrete Unit Weight = 150 lo/ft®
(E V)ta k', )+Bk,c',+P
ES = n( 1 2) koCotFy (Das Eqtn 13.13)
(sliding) P
h
Assume k; =k, = 0.66 (Varies between 0.5 - 0.66)

oy =

30 deg
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P, = 36 deg

Width of Wall, B = 1017 FT
Cohesion, ¢, = 0 LB/FT?
Unit Weight of Riprap, y = 130 LB/FT?
Height of Riprap in Front of Concrete Grade Beam = 4 FT

2 2 n
COSa ++/C0S” @ — COS
K, =cosa 4 (Das Eqtn 11.47)
COSa —+/C0S” @ — COS* ¢'

a= 21 deg
@ = 30 deg
Coefficient of Rankine's Active
Earth Pressure, K, = 2.046622647
1 Das Eqtn 11.46
P ==yH?K (Das Eqn 11.49)
p 2 p
Rankine Passive Force, P, = 2128.487553 LB/FT
Factor of Safety for Sliding, FSgiging) = 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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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 8+00 RS E. Lenhardt 2/28/2013

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.

12

8+00

ks

OVERTURNING

Unit Weight of Soil, y; =
Height of Wall, H' =

(] =

=

Coefficient of Rankine's Active
Earth Pressure, K, =

Rankine Active Force, P, =
P, = Pgsina =

1
_ 2
Pa =71 H K a
2
125 LBIFT®
12 FT
COSx —+/C0S% @ —C0s? ¢’
K, =cosa /
cosa +4/cos? & — cos? ¢
21 deg
35 deg
0.328267474

2954.407267 LB/FT
1201.665694 LB/FT

(Das Eqtn 11.45)

(Das Eqtn 11.44)

P,, = P,cosa = 2698.985339 LB/FT
Weight/Unit
’ Moment Arm Moment
Section No. Area (ft?) Length N
(LBIFT) * (FT) (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
Py 1201.665694 10 12016.66
pay, 11400.17 >Mg 78646.51
*Concrete Unit Weight = 150 Ib/ft®
H
Z M, =P, ? (Das Eqtn 13.4)

Overturning Moment, XM, =

10795.94136 LB-FT/FT
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 8+00 RS E. Lenhardt 2/28/2013

M
FS(ovenurnirg) = %:NI‘:

Factor of Safety for Overturning, FSertuming) = 7.3 OKAY, since FS>2
SLIDING
1 U
o >V )tan(k,g,)+Bk,c, +P,
(sliding) —
I:)h
Assume k; =k, = 0.66
Py = 35 deg
P, = 18 deg
Width of Wall, B = 10FT
Cohesion, ¢', = 1003 LB/FT?
Pp= 0 LB/FT
Factor of Safety for Sliding, FSgjiging) = 3.34 OKAY, since FS>1.5

REFERENCES

(Varies between 0.5 - 0.66)

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 11+00 RS E. Lenhardt 3/28/2013

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.

Overturning Moment, XM, =

4014.437283 LB-FT/FT

Attachment 9 - Page 12
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T .
3.5 )
un
4 . g
2 3
1
[~
1.4998
939 l—
1.3332
1.3334) e—
8.833
OVERTURNING
P, = i}/lH 2 K . (Das Eqtn 11.45)
2
Unit Weight of Soail, y; = 125 LB/FT®
Height of Wall, H' = 85 FT
Cosa —+/cos® a —cos? ¢'
K, =cosa ¢ (Das Eqtn 11.44)
cosa +4/cos? & — cos? ¢
a= 8 deg
@ = 30 deg
Coefficient of Rankine's Active
Earth Pressure, K, = 0.343462222
Rankine Active Force, P, = 1550.946596 LB/FT
P, = P,sina = 630.8268119 LB/FT
P, = P,cosa = 1416.860217 LB/FT
Weight/Unit
’ Moment Arm Moment
Section No. Area (ft?) Length N
(LBIFT) * (FT) (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
Py 630.8268119 8.833 5572.09
2V 7724.33 >Mg 44546.76
*Concrete Unit Weight = 150 Ib/ft®
H
Z M, =P, ? (Das Eqtn 13.4)




PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 11+00 RS E. Lenhardt 3/28/2013

M
FS(ovenurnirg) = %:NI‘:

Factor of Safety for Overturning, FSertuming) = 11.1 OKAY, since FS>2
SLIDING
1 U
o >V )tan(k,g,)+Bk,c, +P,
(sliding) —
I:)h
Assume k; =k, = 0.66
Py = 30 deg
P, = 35 deg
Width of Wall, B = 8.833FT
Cohesion, ¢', = 0 LB/FT?
Pp= 0 LB/FT
Factor of Safety for Sliding, FSgjiging) = 2.33 OKAY, since FS>1.5

REFERENCES

(Varies between 0.5 - 0.66)

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 12+00 RS E. Lenhardt 3/28/2013

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.

. >
«
3.5 ]
4 w
5 -]
2 3
1
[~~~
1.4998
— ] h——
1.333z] [
8.833
OVERTURNING
1 2
Pa =71 H K a
2
Unit Weight of Soail, y; = 125 LB/FT®
Height of Wall, H' = 85 FT
COSx —+/C0S% @ —C0s? ¢’
K, =cosa ¢
cosa +4/cos? & — cos? ¢
a= 16 deg
P = 30 deg

Coefficient of Rankine's Active
Earth Pressure, K, =

Rankine Active Force, P, =

0.379435101

1713.38663 LB/FT

(Das Eqtn 11.45)

(Das Eqtn 11.44)

P, = P,sina = 696.8971262 LB/FT
P,, = P,cosa = 1565.256573 LB/FT
Weight/Unit
’ Moment Arm Moment
Section No. Area (ft?) Length N
(LBIFT) * (FT) (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
Py 696.8971262 8.833 6155.69
2V 7790.40 >Mg 45130.20
*Concrete Unit Weight = 150 Ib/ft®
H
Z M, =P, ? (Das Eqtn 13.4)

Overturning Moment, XM, =

4434.893624 LB-FT/FT
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 12+00 RS E. Lenhardt 3/28/2013

M
FS(ovenurnirg) = %:NI‘:

Factor of Safety for Overturning, FSertuming) = 10.2 OKAY, since FS>2
SLIDING
1 U
o >V )tan(k,g,)+Bk,c, +P,
(sliding) —
I:)h
Assume k; =k, = 0.66
Py = 30 deg
P, = 35 deg
Width of Wall, B = 8.833FT
Cohesion, ¢', = 0 LB/FT?
Pp= 0 LB/FT
Factor of Safety for Sliding, FSgjiging) = 2.12 OKAY, since FS>1.5

REFERENCES

(Varies between 0.5 - 0.66)

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 15+00 RS E. Lenhardt 3/28/2013

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.

OVERTURNING

Unit Weight of Soil, y; =
Height of Wall, H' =

q =

=

Coefficient of Rankine's Active
Earth Pressure, K, =

Rankine Active Force, P, =

e

I
0o

3.5 ]
1 [
5
A 2 i3
[
g |
1.3332] |
8.833

154+00

J‘.‘
j

1
_ 2
Pa =71 H K a
2
125 LBIFT®
8.5 FT
COSx —+/C0S% @ —C0s? ¢’
K, =cosa /
cosa +4/cos? & — cos? ¢
7 deg
32 deg
0.313789497

1416.955698 LB/FT

(Das Eqtn 11.45)

(Das Eqtn 11.44)

P, = P,sina = 576.3278042 LB/FT
P,, = P,cosa = 1294.453442 LB/FT
Weight/Unit
’ Moment Arm Moment
Section No. Area (ft?) Length N
(LBIFT) * (FT) (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
Py 576.3278042 8.833 5090.70
2V 7669.83 >Mg 44515.30
*Concrete Unit Weight = 150 Ib/ft®
H
Z M, =P, ? (Das Eqtn 13.4)

Overturning Moment, XM, =

3667.618086 LB-FT/FT
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PROJECT TITLE: COMPUTED BY: DATE:
Menomonee River Aquatic Habitat Restoration
T. Smith 1/28/2013
COMPUTATION TITLE: CHECKED BY: DATE:
WPA Wall Stability Analysis Sta 15+00 RS E. Lenhardt 3/28/2013

M
FS(ovenurnirg) = %:NI‘:

Factor of Safety for Overturning, FSertuming) = 12.1 OKAY, since FS>2
SLIDING
1 U
o >V )tan(k,g,)+Bk,c, +P,
(sliding) —
I:)h
Assume k; =k, = 0.66
oy = 32 deg
o, = 10 deg
Width of Wall, B = 8.833FT
Cohesion, ¢', = 200 LB/FT*
Pp= 0 LB/FT
Factor of Safety for Sliding, FSgjiging) = 1.59 OKAY, since FS>1.5

REFERENCES

(Varies between 0.5 - 0.66)

1. Das, Braja M., (2008). Fundamentals of Geotechnical Engineering, Third Edition. Toronto, ON: Thomson Learning.
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Menomonee River Restoration
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BRIDGE CROSSING CORRESPONDENCE
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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,

1
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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
16401, 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,
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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)
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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 @9, 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 ------------mmmmm e e e oo -
-- 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 1' 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 1' expediteur a 1' adresse ci-
dessus. --------mmmm oo IMPORTANT NOTICE - AVIS IMPORTANT --------------------

Classification: UNCLASSIFIED
Caveats: NONE
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—————————————————————————————— IMPORTANT NOTICE - AVIS IMPORTANT -------------ommmmmmm e oo - -
-- 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 1' 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 1' expediteur a 1' adresse ci-
dessus. ------mmm - IMPORTANT NOTICE - AVIS IMPORTANT -----------------=---

Classification: UNCLASSIFIED
Caveats: NONE

------------------------------ IMPORTANT NOTICE - AVIS IMPORTANT -------------mmmmmm e e oo - -
-- 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 1' 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 1' expediteur a 1' adresse ci-
dessus. -------mmmmmm - IMPORTANT NOTICE - AVIS IMPORTANT --------------------
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Menomonee River
Milwaukee County, Wisconsin
Section 206

Appendix B
Hydraulic & Hydrology




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 (Figurel). 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.



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)



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% 4% 2% 1% 0.2% Base Sustained
(10-yr) (25-yr) (50-yr) (100-yr) (500-yr) Flow 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:

e 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.

e 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.



e 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
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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.



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:
e Average flow velocity less than 2.5 ft/s during spring flows
e Average flow velocity greater than 2 ft/s does not exceed 150 ft runs during spring
flows
e Pool depth between 3 to 5 ft at base flow
e 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



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.
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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




Cross-Sections upstream of Project Area that 4,159,4.177,4.322,4.328, 4.348, 4.352, 4.36,
were modified with additional overbank data 4.454,4.462,4.468,4.474,4.481, 4.484, 4.492,
for Alternatives 1 and 2 to contain 1% event 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 (1-94)
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 1-94 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 1-94 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).




Menomonee River Project Plan: 1) Riffles/pool 2) Existing geo
Lower CP Railway Bridge

Legend

WS Design Sustained - Riffles/pool

— T ] WS Design Sustained - Existing geo
\ ]

- Existing geo

- Existing geo

!
600- - Existing geo

Ground - Existing geo
N

Ineff - Existing geo

.
Bank Sta - Existing g eo

- Riffles/pool

- Riffles/pool

- Riffles/pool

595 Ground - Riffles/pool
A

Ineff - Riffles/pool

.
Bank Sta - Riffles/pool

Elevation (ft)

590

585+

T T T T T T T T T
180 200 220 240 260 280 300 320 340

Station (ft)
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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



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.
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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 8: Typical cross section upstream of riffle anchor
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Menomonee River Project Plan: Riffles/pools georas 1/11/2013
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Figure 9: Typical cross section downstream of riffle anchor
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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.

12



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 3

Alternative 1 Alternative 2 Existing
Conditions
Difference in Difference in
W.S. Elevation W.S. Elevation
100 yr W.S. from Existing 100 yr W.S. from Existing 100 yr W.S.
Cross Section Elevation Conditions Notes Elevation Conditions 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
u/s limit of

4.061 609 2.3 | 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

16




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
d/s limit of

3.651 602.61 0.1 | 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:

e A minimum freeboard of 3’ above the 1% annual chance flood elevation
e An additional 0.5” above the 3’ minimum at the upstream end of the main levee
e 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

FEMA Freeboard
Cross Section 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* 3 433
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:
e Average flow velocity less than 2.5 ft/s during spring flows
e Average flow velocity greater than 2 ft/s does not exceed 150 ft runs during spring
flows
e Pool depth between 3 to 5 ft at base flow
e 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 Sustained
Spring Flow Base Flow Spring Flow Base Flow Sustained Spring Base Flow
(200 cfs) (30 cfs) (200 cfs) (30 cfs) Flow (200 cfs) (30 cfs)
Vel Water Vel Water | NOTES Vel Water Vel Water Vel Water Vel Water
River Sta Chnl | Depth | Chnl | Depth Chnl | Depth | Chnl | Depth Chnl Depth Chnl 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
u/s
limit of
4.061 2.97 3.54 1.18 1.8 | 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
Riffle
4.02200* 2.98 3.08 | 4.46 1.17 | 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
Riffle
3.988* 2.81 3.3 3.19 1.4 | 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
Riffle
3.94 2.46 3.53 2.12 1.77 | anchor 2.71 4.26 1.13 2.32 3.16 3.9 1.19 2.25
3.928* 2.09 4.61 0.71 291
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
Riffle
3.89133* 2.1 3.84 1.31 2.19 | 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
Riffle
3.8465* 1.94 4.03 0.88 2.45 | 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
Riffle
3.807* 1.69 4.35 0.59 2.84 | 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
d/s
limit of
3.651 1.42 5.56 0.32 4.41 | 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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APPENDIX C
COST APPENDIX FOR DESIGN PROJECT REPORT

for

MENOMONEE RIVER
MILWAUKEE, WISCONSIN

prepared by the

U.S. ARMY CORPS OF ENGINEERS
DETROIT DISTRICT



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 MIl 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:

e Remove approximately 2,400-feet of concrete lined channel

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

e 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 1-94
(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.



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.
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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:

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

e Flood level elevations will remain unchanged.

e 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
guantify the required contingency needed in the cost estimate to achieve any desired level of

cost confidence.



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

Civ