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Executive Summary
The subject of this Preliminary Design Memorandum is the combined sewer service area (CSSA) generally
draining the portion of the Village of Shorewood (Shorewood) east of North Oakland Avenue and north of East
Edgewood Avenue and areas in the City of Milwaukee (Milwaukee) including the University of WisconsinMilwaukee (UWM) campus, and northeast side neighborhoods east of Oakland and north of East Hartford
Avenues. The total service area of the system is 666 acres, with 504 acres in Shorewood and the remaining
162 acres in Milwaukee. This project addresses the Milwaukee Metropolitan Sewerage District’s (MMSD) 2035
Vision goals by reducing water in basements and addressing the goal of zero overflows in the sewer service
area.
The combined sewer system in Shorewood has historically been prone to surcharging and water in basements
during high intensity, short duration rainfall events. Hydraulic analyses have shown that one of the causes of
surcharging is that the combined sewer pipe segments in Edgewood from Oakland to North Maryland Avenue
have a lower design hydraulic capacity due to insufficient pipe slopes for the diameter pipes in place that were
installed at the time of system design and construction. The goal of this project is to lower the Hydraulic Grade
Lines (HGLs) within the entire set of sewers in Edgewood between Oakland and Maryland.
Throughout the last decade, both Shorewood and MMSD have commissioned engineering studies to address
persistent water in basement issues in the subject service area. As a result, the project now known as the
Edgewood Avenue Metropolitan Interceptor Sewer (MIS) was conceived as part of a comprehensive approach
to reduce water in basement risks in the service area as an MIS pipe to be constructed on Edgewood, starting
at Maryland to the east, and extended downstream to Oakland to the west. These studies have provided a
comprehensive approach to address the water in basement issues summarized as follows:
1- Improve Shorewood and Milwaukee system hydraulics by constructing new pipes with adequate
design capacity across the pipe network during the design event.
2- To the maximum extent possible, implement green infrastructure and stormwater management to
reduce flow into the combined sewer network.
3- Improve hydraulic conditions and discharge boundary conditions at the connection of Shorewood
combined sewers to MMSD facilities by providing additional hydraulic capacity that will improve the
discharge of design flows from Shorewood and Milwaukee combined sewers into MMSD facilities.
Shorewood is currently working on implementing items 1 and 2 above. An example of a potential stormwater
management initiative for consideration involving alley storage is described. The primary purpose of this
Memorandum is to provide a description of item 3, the Edgewood Avenue MIS, which has the following design
features:
1- It is positioned to provide service to both Shorewood and Milwaukee collection systems.
2- It is configured as a relief facility, and will be installed at a lower elevation than the existing facilities in
Edgewood. This deeper MIS will only be activated during high HGL events and thereby provide a
higher-level HGL protection compared to a parallel and shallower pipe included in the solution
alternatives developed in Ad Hoc 110. Appendix A includes the Ad Hoc 110 (Edgewood Avenue
Drainage Study) Technical Memorandum 2.
3- It will discharge into a new manhole to be constructed on the existing 72-inch Near Surface Collector
(NSC) which is generally located between Oakland IS073 and the Inline Storage System (ISS) drop
shaft NS04.
The Edgewood Avenue MIS provides significant opportunities for Shorewood and Milwaukee to achieve largescale water in basement protection through additional local improvements. In addition, the MIS itself will bring
immediate benefits (i.e., reduced HGL elevations) to the surrounding service area even before any local
improvements are complete. Specific benefits include:
1- Hydraulic analysis of the proposed Edgewood Avenue MIS operating in relief to the existing combined
sewers in Edgewood during the same 2-inch, 60-minute rainfall (between a 10 percent and 4 percent
annual chance exceedance storm) shows significant reduction of water in basement in areas prone to
these risks.
2- Hydraulic analysis of the proposed Edgewood Avenue MIS operating in relief to existing combined
sewers during a 2.5-inch, 60-minute rainfall (between a 4 percent and 2 percent annual chance
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exceedance storm) shows that the water in basement risk area would be reduced to the size that is
currently encountered during a 2-inch, 60-minute (between a 10 percent and 4 percent annual chance
exceedance storm) performance WITHOUT the MIS.
3- Based on this comparison, we conclude that during the 2-inch, 60-minute rainfall, the construction of
the Edgewood Avenue MIS will immediately result in a 50 percent reduction in parcels at risk.
4- With the Edgewood Avenue MIS in place, the threshold for widespread water in basement risks
elevates from the existing 1.5-inch rainfall (between a 10 percent and 4 percent annual chance
exceedance storm) to 2.5-inch rainfall (between a 4 percent and 2 percent annual chance exceedance
storm), which indicates the recurrence for the risk for water in basements in the subject area
increases from a 10-year interval to a 50-year interval.
5- In other words, with the Edgewood Avenue MIS in place, the annual probability of widespread water in
basement risks will drop from 10 percent to roughly 2 percent.
A planning level construction cost estimate of $7 Million is provided herein. The cost estimate assumes that
two thirds of the relief sewer will be installed by tunneling techniques, with the remaing constructed by open
trench. The cost estimate has been compared to past tunneling projects undertaken by MMSD and found to be
a reasonable opinion of probable construction cost. The cost estimate does not include final engineering
design, public bidding documents, staff labor, or construction management costs.
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Introduction
The combined sewer service area (CSSA) in question has an extensive network of local combined sewers
generally draining the portion of the Village of Shorewood (Shorewood) to East Edgewood Avenue, east of North
Oakland Avenue (Oakland). In the City of Milwaukee (Milwaukee), the service area includes the University of
Wisconsin-Milwaukee (UWM) campus, and northeast side neighborhoods east of Oakland and north of East
Hartford Avenues. The total service area of the system is 666 acres, with 504 acres in Shorewood and the
remaining 162 acres in Milwaukee.
The existing sewer service area is characterized by residential land uses with about 40 percent impervious
land cover in Shorewood and 50 percent impervious land cover in Milwaukee. Within Milwaukee, higher levels
of imperviousness characterize the UWM Campus at about 75 percent.
Focusing directly on the performance of the combined sewer service area within Shorewood, the combined
sewer system in Shorewood has historically been prone to surcharging during high intensity, short duration
rainfall events. Hydraulic analyses by Shorewood have shown that one of the causes of surcharging is that the
existing combined sewer pipe segments in Edgewood from Oakland to North Maryland Avenue have a lower design
hydraulic capacity due to insufficient pipe slopes for the diameter of pipes in place that were installed at the time of
system design and construction
The other contributor to surcharging in the Shorewood combined sewer network is the downstream head
conditions at the connections to the MMSD’s MIS. Higher flow elevations in the receiving MIS directly reduce
the hydraulic gradient in the discharging Shorewood pipe network and add to the capacity deficiencies already
present in that system.
Accordingly, the reduction efforts for water in basements have focused on three main areas:
1- Improve Shorewood system hydraulics by constructing pipes that have adequate design capacity
across the pipe network during the design event. This work would be undertaken by Shorewood.
2- To the maximum extent possible, implement stormwater management practices, green infrastructure
(i.e., bioswales, raingardens), downspout disconnections, street/alley storage and alternative
conveyance methods to reduce the flow into the combined sewer network. An example of a near term
project involving significant storage in selected alleys is described in the last section of this
Memorandum. This work would be undertaken by Shorewood with potential funding partners.
3- Improve hydraulic conditions and discharge boundary conditions at the connection of Shorewood
combined sewers to MMSD facilities by providing additional hydraulic capacity that will improve the
discharge of design flows from Shorewood combined sewers into MMSD facilities. This work would be
undertaken by MMSD.

Purpose Statement
The first two items listed above are currently being addressed by Shorewood. A long-range capital improvement
plan that includes these two items has been included in Shorewood’s financial plan. Preliminary engineering,
project implementation sequencing, budgets, and description of associated benefits brought by each
component of the improvements have been developed and presented to Shorewood officials.
This Preliminary Design Memorandum (PDM) addresses the third item listed above. In this context, this PDM is
a follow up to a November 14, 2014 Ad Hoc 110 (Edgewood Avenue Drainage Study) Technical Memorandum
2 (TM 2) conducted by CDM Smith. Regarding the MIS issues, TM 2 recommended the following
“Construction of a 66-inch combined sewer on the south side of East Edgewood Avenue to carry the flow
of the existing 66-inch Milwaukee combined sewer from Edgewood and Maryland Avenues to IS-073 at
Edgewood and Oakland Avenues.”
Shorewood, through various studies over the years, has come to the same conclusion, namely, that additional
downstream capacity in the MMSD facilities is needed to be fully addressed. Most recently, a 2016 study
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commissioned by Shorewood and conducted by Baxter & Woodman also confirmed that overall water in
basements protection benefits will be achieved by implementing flow controls, village-owned system
improvements and the addition of the Edgewood Avenue MIS. The general location of the proposed Edgewood
Avenue MIS is shown in Exhibit 1.
Long-term planning for local implementation has started in Shorewood and will follow the Edgewood Avenue
MIS implementation. Preliminary engineering of the local improvements has been completed, however, further
refinements and final design await the completion of the Edgewood Avenue MIS project.

Interaction of Local Combined Sewers with MMSD Systems
Shorewood, Milwaukee, and the MMSD have various facilities in this area that interact with each other. The
facilities are shown in the figure below.
1- Shorewood combined sewer flows are conveyed through a 78-inch diameter combined sewer that
discharges to the MMSD structure IS073 (North Oakland Avenue at East Edgewood Avenue)
a. Dry weather flow enters the MMSD’s 39-inch special section MIS
b. Wet weather flow enters the MMSD’s 72-inch diameter Near Surface Collector (NSC)
2- Milwaukee combined sewer flows are conveyed through a 60-inch diameter combined sewer that
discharges to the MMSD structure IS074A (East Providence Avenue at North Bartlett Avenue)
a. Dry weather flow enters the MMSD’s 39-inch special section MIS
b. Wet weather flow enters the MMSD’s 60-inch diameter NSC
3- Both NSCs discharge to a single 96-inch diameter NSC
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4- The 96-inch NSC discharges to the MMSD’s Inline Storage System (ISS) via the MMSD structure NS04
(formerly known as NS-4) or overflows to the Milwaukee River via a 72-inch diameter Combined Sewer
Outfall (CSO)

Birth of the Edgewood Avenue MIS Project: Ad Hoc 110 Study Findings
The proposed solutions and alternatives screening that form the basis of the Edgewood Avenue MIS project is
described in Ad Hoc 110 Technical Memorandum (TM) 2 by CDM Smith (see Appendix A) as follows:
“The initial step toward developing a feasible solution to the basement backup problems was preparation
of a baseline hydraulic model to evaluate the combined sewer system capacity and restrictions and
determine the root causes of the flooding. The results of the baseline model analysis were presented in a
first technical memorandum titled Ad Hoc 110 TM1.
TM1 documented the preparation of the Baseline model, including the review of the data and the model
information provided, as well as the assumptions of the model boundary conditions setup to replicate the
operation of the MMSD’s system. The modeling results showed that flooding and basement backup in
Shorewood were primarily the result of severe storms exceeding the capacity of the Shorewood combined
sewer system. It was determined that the Shorewood combined sewers and the MMSD facilities accepting
flow from Shorewood have adequate capacity to handle the 20 percent annual probability storm flow
without creating a backwater condition or creating surcharge in the Shorewood sewers.”
As a result, the project now known as the Edgewood Avenue MIS was conceived to be constructed on
Edgewood Avenue, starting upstream at Maryland Avenue to the east, and extending downstream to at or
about Oakland Avenue to the west.
Solution Screening is a process where a set of potential solutions or solution components are evaluated
conceptually for technical and institutional feasibility. The solution screening process used in the Ad Hoc 110
TM1 was based on the XP-SWMM model that was originally developed by Shorewood. This model has been
used in the analysis and design of various improvements in the Shorewood local combined sewer system and
was deemed an appropriate model to be used as a starting point for the evaluation of alternatives considered
herein. Through the Ad Hoc 110 effort by CDM Smith, the Shorewood model was revised in several ways for
their evaluation.
Several water in basements risk reduction alternatives have been proposed and evaluated for effectiveness.
See Ad Hoc 110, TM 2 for additional items not associated with the Edgewood Avenue MIS project.
Installation of a new MIS (i.e., the Edgewood Avenue MIS) to serve Shorewood and Milwaukee was thus
included in the comprehensive alternative.
Following the Ad Hoc 110 work, a 2016 study commissioned by Shorewood and conducted by Baxter &
Woodman confirmed the overall basement backup (water in basements) protection benefits will be achieved
by implementing flow controls, Shorewood owned system improvements and the addition of the Edgewood
Avenue MIS. Per Baxter & Woodman,
“The Edgewood Avenue MIS will greatly improve conditions along Edgewood Avenue, the connecting
streets to the north, and the Village CSSA in general. Whether these improvements are completed first or
last, they are key to providing basement backup protection in the CSSA.”
Ad Hoc 110 evaluated several improvements throughout the Shorewood CSSA, all supporting and enhancing
the benefits of the Edgewood Avenue improvements. In this sense, the Edgewood Avenue MIS is the keystone
project for widespread water in basements protection in this CSSA.
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It is recognized that the Edgewood Avenue MIS alone will not address all of the issues documented within the
Shorewood and Milwaukee sewer systems. Other improvements will need to be instituted through various
other municipal projects not included in this PDM.

Evolution of the Edgewood Avenue MIS Project: PDM
Ever since the creation (in the late 1990’s) of Shorewood’s original XP-SWMM hydraulic model of the
Shorewood/Milwaukee CSSA, the Edgewood combined sewers between Maryland and Oakland, upstream of
the MMSD’s IS073 facility, have been found to lack adequate capacity to handle the design rainfall without
causing water in basements.
Recent analysis by Shorewood and the MMSD Consultant (CDM Smith) shows that neither Shorewood’s 1998
“Bottleneck Project” improvements, nor the rest of the system downstream of the Bottleneck Project, provide
the local system with adequate capacity to protect against water in basements for rains exceeding a 1.5 inch,
1-hour rainfall, corresponding to a recurrence interval between 2-year (1.27-inch) and 5-year (1.61-inch). In
this analysis of the combined sewers, rainfall recurrence intervals are used instead of wastewater recurrence
because the contribution of rainwater comprises the majority of the flow conveyed within the combined sewers
during rainfalls. Water in basement problems are exacerbated by the addition of Milwaukee flows from the
east and south of the service area into the Shorewood combined sewers at the intersection of Maryland and
Edgewood.
The Edgewood Avenue MIS has evolved from in Ad Hoc 110 in the following ways:
1- MULTI-MUNICIPALITY SERVICE:
The version of the proposed Edgewood MIS in Ad Hoc 110 receives only Shorewood flows.
The Edgewood MIS proposed herein is positioned in such a way both Shorewood and Milwaukee
combined sewer flows can be handled, thereby providing service to two municipal collection
systems.
2- DEPTH FOR RELIEF:
The version of the proposed Edgewood MIS in Ad Hoc 110 indicated that the new MIS would be
parallel to the existing Shorewood combined sewer in Edgewood.
The Edgewood MIS proposed herein is configured as a relief facility, and placed deeper than the
existing facilities in Edgewood. This deeper MIS will only be activated during high HGL events and
thereby provide a higher level HGL protection compared to a parallel and shallower pipe included
in Ad Hoc 110. This will also allow normal dry weather flows to remain in their respective existing
pipes reducing the chance of causing solid depositions from occurring during normal dry weather
conditions.
3- DISCHARGE TO EXISTING NSC:
The version of the proposed Edgewood MIS in Ad Hoc 110 had considered discharging into the
existing intercepting structure IS073.
The Edgewood MIS proposed herein will discharge into a new manhole to be constructed on the
existing 72-inch NSC which is generally located between IS073 and the ISS drop shaft NS04. It
will only be used once flow at IS073 has already begun discharging flow into the 72-inch NSC.
In terms of performance (as measured by reduction of HGL elevation reductions as a surrogate for reduction in
water in basement risks), the Edgewood Avenue MIS creates immediate HGL reductions and allows further
HGL reductions within the local systems. These improvements are due to the following:
1- In the version of the proposed Edgewood MIS in Ad Hoc 110, it had been assumed that the Milwaukee
River stormwater diversion would be the principal response to persistent backup issues in Shorewood.
This was due to the relatively limited impact of a parallel combined sewer in Edgewood, which did not
yield a large enough benefit area to make it worthwhile as a standalone project.
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2- The Edgewood MIS proposed herein has been shown to offer significant benefits (measured by
reduction in HGL elevations) in the Shorewood and Milwaukee systems. This means that any other
elements such as downspout disconnections, inlet restrictions, alley storage, green infrastructure,
additional combined sewers, etc., that follow the Edgewood Avenue MIS would result in additional
reductions in water in basement risks.
3- Under existing hydraulic conditions at the confluence of the local combined sewers and MMSD
structures, any capacity improvements in the Shorewood and Milwaukee local systems will not result
in any reductions in the system-wide HGL elevations.
4- The Edgewood Avenue MIS, by providing HGL elevation reduction in a wide range of rain events in the
existing combined sewers, will allow any capacity improvements in Shorewood and Milwaukee local
systems to result in local HGL elevation reductions, i.e., reductions of water in basement risks.

Edgewood Avenue MIS Preliminary Design Features
1- The performance benefits of the Edgewood Avenue MIS are measured by calculating how many of the
local system manholes have surcharged less than 7-feet from the ground surface.
2- The critical HGL elevations for local combined sewers are set 7-feet below ground for basement backup protection because Shorewood has conducted street and basement floor elevation surveys and
determined that a combined sewer HGL at 7-feet below the ground surface will mean no water will
back up into the basements.
3- Proposed improvements consist of a 1,650-foot section of 66-inch diameter sewer that will operate as
a relief sewer during high HGL events in the existing Edgewood and Milwaukee combined sewers
between Maryland and Oakland.
4- The sewer size for the Edgewood Avenue MIS has been determined based on the flow of the design
rainfall of 2-inch, 60-minutes, corresponding to a recurrence interval of 10-year. Hydraulic modeling
shows that the proposed 66-inch sewer will convey the flow during this type of storm event without
surcharging. This means that the new sewer’s “relief” properties will continue past the 10-year,
offering increased protection from water in basements.
5- Because the proposed Edgewood Avenue MIS is filled through high HGLs in the existing systems,
during dry weather or any wet weather that does not create high enough HGL elevations, the
Edgewood Avenue MIS will not be used.
6- During such conditions, the existing combined sewers of Shorewood and Milwaukee will continue to
be routed into the MIS at either IS073 or IS074A to be treated at the MMSD’s Jones Island Water
Reclamation Facility.
7- During design wet weather conditions, the HGLs in existing systems will be allowed to rise to an
elevation 7-feet below ground surface. At that elevation, the surcharge will be relieved into the
Edgewood Avenue MIS.
8- The Edgewood Avenue MIS will receive relief flows at each cross street along the alignment (from east
to west, the relief points will be at Maryland, Fredrick, Murray, Cramer, and Oakland) until it discharges
into the existing 72-inch NSC along the south boundary of River Park (west of Oakland Avenue).
9- At each intersection, a relief diversion structure is anticipated to be constructed, for a total of five new
structures.
10- Previous infrastructure projects undertaken by Shorewood have resulted in Diggers Hotline surveys on
Edgewood Avenue, indicating that the selected horizontal and vertical profile is available for the
Edgewood Avenue MIS. The preliminary alignment of the Edgewood Avenue MIS is shown in Exhibit 2.
11- From its confluence with the 72-inch NSC in River Park to a location 200 feet east of Oakland, (total
length of approximately 525 feet) the proposed Edgewood Avenue MIS will be parallel to the existing
Shorewood and Milwaukee combined sewers.
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12- It is anticipated that the downstream segment of the MIS up to North Cramer Street would be
constructed in an open trench. A preliminary vertical alignment is shown in the sketch at Station
13+00 in Exhibit 2.

78

13- The remaining 1,125 feet of the Edgewood Avenue MIS would be constructed using trenchless
technologies at depths varying between 20 to 30 feet below ground.
14- At each relief location, the proposed MIS is below the invert of the existing combined sewer. On
average, the invert of the MIS is:
•

9.5 feet below the combined sewer between a location 200 feet east of Cramer to Murray–
Station 16+00 in the Exhibit 2.

78
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•

11 feet below the combined sewer between Murray and Fredrick - Station 19+00 in the Exhibit 2.

78

•

12 feet below the combined sewer between Fredrick and Maryland - Station 22+00 in the Exhibit
2.

78
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Edgewood Avenue MIS Performance
The Edgewood Avenue MIS provides significant opportunities for Shorewood and Milwaukee to achieve large
scale water in basement protection through additional local improvements. In addition, the MIS itself will bring
immediate benefits (i.e., reduced HGL elevations) to surrounding service areas even before any local
improvements are complete.
It has previously been stated that intense, short duration (60-minute duration) rainfalls exceeding 1.5 inches of
total depth create high water in basement risks in the subject CSSA. The results for the hydraulic analysis of
the existing collection system are included and show an extensive water in basement risk area during a 2-inch,
60-minute rainfall. Water in basement risk maps under existing conditions are presented in Exhibit 3.
Hydraulic analysis of the proposed Edgewood Avenue MIS operating in relief to the existing combined sewers in
Edgewood during the same 2-inch, 60-minute rainfall shows that important reduction of areas prone to water
in basement risks are achieved.
Hydraulic analysis of the proposed Edgewood Avenue MIS operating in relief to existing combined sewers
during a 2.5-inch, 60-minute rainfall shows that the water in basement risk area is like the situation with a 2inch, 60-minte performance WITHOUT the proposed MIS.
Based on this comparison, we conclude that during the 2-inch, 60-minute rainfall, the construction of the
Edgewood Avenue MIS will immediately result in a 50 percent reduction in parcels at risk. Water in basement
risk maps with the Edgewood Avenue MIS in place are presented in Exhibit 4.
With the Edgewood Avenue MIS in place, the threshold for widespread water in basement risks elevates from
the existing 1.5-inch rainfall to 2.5-inch rainfall, which means the recurrence for dangerous rains goes from a
10-year interval to a 50-year interval.
In other words, with the Edgewood Avenue MIS in place, the annual probability of widespread water in
basement risks will drop from 10 percent to roughly 2 percent.

Edgewood Avenue MIS Construction Cost Estimate
A planning-level construction cost estimate of $7 Million is provided herein. As provided in the table below, the
cost estimate assumes that the eastern two tjhirds of the relief sewer would be tunnled, while the eastern third
would be constructed by open trecnh technologies. Pavement resporation would occur in the trenched portion,
and the location of access chafts to the tunneled portion. The cost estimate has been compared to past
tunneling projects undertaken by MMSD and found to be a reasonable opinion of probable construction cost.
The cost estimate does not include final engineering design, public bidding of documents, staff labor, or
construction management costs.
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ITEM
66 inch MIS - Open Trench
66 inch MIS - Tunneling
Tunnel Shaft
Relief Structures
Pavement Restoration
Misc. Restoration
Mobilization
Traffic Control
Erosion Control

UN IT
LF
LF
VF
EA
SY
LS
LS
LS
LS

QTY (+ /-)
525
1125
150
5
2400
1
1
1
1

UN IT PRIC E
$ 1,100.00
$ 2,600.00
$ 10,000.00
$ 80,000.00
$
120.00
$ 20,000.00
$ 50,000.00
$ 15,000.00
$ 10,000.00
SUB-TOTAL
2 0 % C ontingency
GRAN D TOTAL

$
$
$
$
$
$
$
$
$
$
$
$

TOTAL (+ /-)
577,500
2,925,000
1,500,000
400,000
288,000
20,000
50,000
15,000
10,000
5 ,7 8 5 ,5 0 0
1 ,1 5 7 ,1 0 0
6 ,9 4 2 ,6 0 0

Sponge alleys can also address the drainage problems. These were not taken into account during the hydraulic
modeling of this area, nor in the above construction cost estimate.

Proposed Sponge Alleys
The Sponge Alley project is a stormwater management approach to solving local drainage problems and
downstream pipe capacity issues using underground storage and smart technology. The sponge alley would
rehabilitate seven alleys with documented drainage problems located north of Edgewood in Shorewood (see
Exhibit 5). Delay of the release of the rainwater storage using innovative artificial intelligence could also be
incorporated into the design.
Each sponge alley would consist of approximately six-foot-wide strip of permeable articulated concrete block
paving system down the center of the typical 750-foot-long alley. Surface water flow would drain through the
gaps between the blocks to an aggregate storage area beneath. An underdrain system would be installed at
the bottom of the storage area and connected to the combined sewer located in the public street. A typical
750-foot-long alley constructed in a standard way with paving blocks and aggregate storage underneath would
normally cost approximately $200,000. This would be a Shorewood initiative with potential funding partners.
The underground storage capacity would vary depending on the media used as a subgrade. Approximately
40,000 gallons of storage per alley could be achieved. To double the storage capacity, water storage cubes
consisting of stackable underground containers that would hold more water could be installed instead of
aggregate. Smart technology would be integrated into the connection at the combined sewer to allow the
rainwater storage to be held and either harvested or released at a later time.
Aboveground, the sponge alleys could be improved to provide an attractive and usable space. Light colored
blocks could be used to reduce the heat island effect of imperviousness. Narrow cisterns could be installed
along the entire length of the sides of the garages to capture rainwater from the gutters with incorporated
smart technology. Rainwater stored in the cisterns and the alleys could also be filtered onsite for neighborhood
distribution for other water purposes. Sponge alleys and the numerous related features that could be
incorporated can revise this neglected urban space into a sustainable, thriving community asset.
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EXHIBIT 1

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin
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EXHIBIT 2

PROPOSED ALIGNMENT OF IMPROVEMENTS

Village of Shorewood, Wisconsin

Legend
Existing Combined Sewer

Proposed Edgewood Ave. MIS (MMSD)

EXHIBIT 2

PROPOSED ALIGNMENT OF IMPROVEMENTS

Village of Shorewood, Wisconsin
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EXHIBIT 2

PROPOSED ALIGNMENT OF IMPROVEMENTS

Village of Shorewood, Wisconsin

8
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Legend
Existing Combined Sewer

Proposed Edgewood Ave MIS (MMSD)

Edgewood Avenue MIS PDM

February 2018

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin

®

BASEMENT BACKUP RISK MAP - 1 INCH - EXHIBIT 3
EXISTING CONDITIONS

Likely Basement Backup*

1 in = 400 ft
0

200

400

No

Feet
800

Existing Combined Sewer

Yes - 0 Parcels

*Basement backup locations were determined by looking at combined sewer
water levels. If the water levels were shown to be greater than 6 feet below the
road surface, it was presumed that basement backups were unlikely in that area.

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin

®

BASEMENT BACKUP RISK MAP - 2 INCHES - EXHIBIT 3
EXISTING CONDITIONS

Likely Basement Backup*

1 in = 400 ft
0

200

400

No

Feet
800

Existing Combined Sewer

Yes - 224 Parcels

*Basement backup locations were determined by looking at combined sewer
water levels. If the water levels were shown to be greater than 6 feet below the
road surface, it was presumed that basement backups were unlikely in that area.

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin

®

BASEMENT BACKUP RISK MAP - 2.5 INCHES - EXHIBIT 3
EXISTING CONDITIONS

Likely Basement Backup*

1 in = 400 ft
0

200

400

No

Feet
800

Existing Combined Sewer

Yes - 369 Parcels

*Basement backup locations were determined by looking at combined sewer
water levels. If the water levels were shown to be greater than 6 feet below the
road surface, it was presumed that basement backups were unlikely in that area.

Edgewood Avenue MIS PDM

February 2018

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin

®

BASEMENT BACKUP RISK MAP - 1 INCH - EXHIBIT 4
WITH EDGEWOOD AVE. MIS

Likely Basement Backup*

1 in = 400 ft
0

200

400

No

Feet
800

Existing Combined Sewer

Yes - 0 Parcels

*Basement backup locations were determined by looking at combined sewer
water levels. If the water levels were shown to be greater than 6 feet below the
road surface, it was presumed that basement backups were unlikely in that area.

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin

BASEMENT BACKUP RISK MAP - 2 INCHES - EXHIBIT 4
WITH EDGEWOOD AVE. MIS

66"

®

Edgewood Ave. MIS (MMSD)

1 in = 400 ft
0

200

400

Feet
800

Existing Combined Sewer

Likely Basement Backup*
No

Yes - 117 Parcels

*Basement backup locations were determined by looking at combined sewer
water levels. If the water levels were shown to be greater than 6 feet below the
road surface, it was presumed that basement backups were unlikely in that area.

Combined Sewer Service Area Improvements
Village of Shorewood, Wisconsin

BASEMENT BACKUP RISK MAP - 2.5 INCHES - EXHIBIT 4
WITH EDGEWOOD AVE. MIS

66"

®

Edgewood Ave. MIS (MMSD)

1 in = 400 ft
0

200

400

Feet
800

Existing Combined Sewer

Likely Basement Backup*
No

Yes - 250 Parcels

*Basement backup locations were determined by looking at combined sewer
water levels. If the water levels were shown to be greater than 6 feet below the
road surface, it was presumed that basement backups were unlikely in that area.

Edgewood Avenue MIS PDM

February 2018

Edgewood Avenue MIS PDM

February 2018
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Introduction
The Village of Shorewood (Village) has experienced basement backups and surface flooding for
many years and over a wide range of rain events, including severe flooding during the July 15, 2010
and July 22, 2010 storm events. The flooding resulting from these storms prompted the Village to
conduct investigations to find the causes of this flooding and develop solutions to improve their
combined, storm, and sanitary sewer systems performance. However, a cost effective and
acceptable alternative for the Village’s combined sewer service area (CSSA) has yet to be identified.
The Milwaukee Metropolitan Sewerage District (District) has initiated Ad Hoc Modeling Question
110 with the objective of identifying a cost effective solution that incorporates Green Infrastructure
(GI) practices and does not increase peak flows to the District’s facilities, thus avoiding the solution
that could cause problems to the Village’s downstream neighbors. While the Village experienced
both basement backups and street flooding in the 2010 storms, the primary focus of this analysis is
a solution to basement backups.
The initial step toward developing a feasible solution to the basement backup problems was
preparation of a baseline hydraulic model to evaluate the combined sewer system capacity and
restrictions and determine the root causes of the flooding. The results of the baseline model
analysis were presented in a first technical memorandum (TM) titled Ad Hoc 110 TM1. TM1
documented the preparation of the Baseline model, including the review of the data and the model
information provided, as well as the assumptions of the model boundary conditions setup to
replicate the operation of the District’s system. The modeling results showed that flooding and
basement backup in the Village were primarily the result of severe storms exceeding the capacity of
the Village combined sewer system. It was determined that the Village combined sewers and the
District facilities accepting flow from the Village have adequate capacity to handle the 20 percent
annual probability storm flow without creating a backwater condition or creating surcharge in the
Village sewers.
This Technical Memorandum 2 (Ad Hoc 110 TM2) documents a screening analysis of potential
solutions and outlines the assumptions and approaches utilized in the evaluation process. The
assessment results identify solution effectiveness, along with the technical feasibility, practicality,
and acceptability of the solutions. Based on the findings of the screening analysis, a comprehensive
alternative, comprised of a combination of the selected potential solutions, was formulated and
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recommended. This proposed solution is a combination of GI initiatives, street conveyance, and
relief storm sewers with a new relief outlet to the Milwaukee River.

Solution Screening
Solution Screening is a process where a set of potential solutions or solution components are
evaluated conceptually for technical and institutional feasibility. This is generally accomplished
without the use of detailed analyses. The solutions are evaluated according to a defined set of
performance criteria and constraints. The criteria and constraints for this project are a blend of
Village and District criteria. The key criteria are the following:
1. The solution must solve the basement backup problems during the 3-inch, 1-hour storm.
2. Flooding is considered solved if the maximum hydraulic grade line (HGL) is maintained
lower than six feet below street grade.
3. There can be no increase in flow to District facilities.
4. Surface flows must be contained in defined easements or public right-of-way (ROW).
A thorough list of candidate solution strategies was developed by Ad Hoc Modeling and District
staff based on previous similar studies. At a June 14, 2013 meeting of the “external committee,” a
list of potential solution components to mitigate the flooding problems in the Village was presented
to the external committee members for their discussion and consideration. The external committee
is made up of representatives from the District, Village, City of Milwaukee (City), Milwaukee County
(County) and University of Wisconsin-Milwaukee (UWM). During the meeting, several solutions
were identified to be considered further. Twenty-two potential solution components were
proposed for the Edgewood Avenue Drainage Study. These are listed in the solution screening
matrix included in Table 1. The candidate solutions are a mix of GI solutions (potential solution
components a through h) and structural solutions (potential solution components i through v). It
should be noted that none of these solutions is expected to work as a standalone solution; rather,
each is a candidate to be a component of an overall comprehensive solution. Each candidate
solution was evaluated on its own to determine if a reasonable implementation of the solution
approach achieved an appreciable degree of success in meeting the performance criteria. The
Wisconsin DNR requires water quality controls on stormwater discharges; thus projects that
potentially increase discharges to the Milwaukee River or Lake Michigan may require additional
water quality improvements. The screening analysis in Table 1 notes projects that could be subject
to additional water quality requirements as well as those that could enhance water quality.
In an initial evaluation of the potential solutions, eight of the 22 potential solutions were
determined to be infeasible in the Village due to lack of appropriate space or terrain or facility
limitations. For example, green roofs require extensive areas of flat roof for effective
implementation and significant numbers of suitable buildings are not present in the Edgewood
Avenue Drainage Study area to result in a significant reduction in flow.

Table 1
Ad Hoc Modeling Question 110 - Edgewood Avenue Drainage Study
Solution Screening Table

November 14, 2014

Percent Reduction in a 3-inch, one-hour storm

Potential Solution Component

a Rain Gardens (Yards)

Description/
Purpose

Reduce runoff through source
control by retaining some flow on
private property

b Underground Storage Trenches - 10% Converted Reduce runoff through source
control by storing flow in
constructed facilities in the public
right of way. These would be
constructed in conjunction with the
City's street maintenance program
which defines a limited number of
b Underground Storage Trenches - 50% Converted streets for reconstruction.

c Street Bioretention Cells - 10% Converted
Reduce runoff through source
control by storing flow in
constructed facilities in the public
right of way.
c Street Bioretention Cells - 50% Converted

d Rain Barrels (Houses)

Reduce runoff through source
control by storing roof runoff on
private property

e Porous Pavement - 10% Converted
Use paver blocks with voids to
reconstruct selected streets to reduce
pavement runoff
e Porous Pavement - 50% Converted

Modeling Assumptions/Approaches

Peak Flow
Total
at
Volume at
IS-073
IS-073

Peak
Flow
at
IS-074A

Depth Reduction in a 3-in, 1-hr

Peak Flow Peak Flow Peak Flow
HGL at
Total
at
at
at
Maryland
Volume at Maryland Edgewood Shorewood
and
IS-074A
and
and
and
Stratford
Straford
Murray
Murray

HGL at
HGL at
Edgewood Shorewood
and
and
Murray
Murray

MH not
Meeting
6-ft
Criterion
(Baseline
242 MHs)

Comments on feasibility/performance

Could be a solution component. Modeling assumptions assume
very aggressive rain garden design and participation rates that
could be difficult to achieve. If implemented however, there is
a significant benefit in terms of reduced flows. Existing system
capacity restrictions mask the benefit at IS-073. This option has
an added water quality benefit.

Incorporate
into
Alternative

Residential Rain Garden with a 25 ft by 16 ft footprint with 700 ft3 of storage per
facility. Assumed 50% of participation rate for a total of 1500 rain gardens.

2

14

15

15

4

2

<1

<0.1

0.5

0.2

205

Storage units behind the curbline along the street. 2 units on each long side of every
block that gets reconstructed. Each unit is 3 ft wide, 4 ft deep and 50 ft long and
filled with 3-inch stones. There are three street inlets per unit. Each unit can store
400 cubic ft. Assumed 10% of streets listed in the Village's street replacement
program with Storage Trenches (7 total trenches). See footnotes for program details.

<1

<1

<1

<1

<1

<1

<1

<0.1

<0.1

<0.1

242

Each unit has limited size. Would need to expand beyond current
street program for more effectiveness. Provides water quality
benefit.

No

Same as above. Assumed 50% of streets listed in the Shorewood's street replacement
program and converted for 32 total trenches.

<1

<1

<1

<1

<1

<1

<1

<0.1

<0.1

<0.1

242

Same as above.

No

Street Bioretention 9 ft by 100 ft and 3 ft deep, 1500 ft3 of storage. It is back filled
with 2 ft of granular material and 6-in of top soils leaving a 6 in depression that is
filled with water-tolerant vegetation. 4 units on each long side of a block 2 on each
short side of a block. Assumed that 10% of all the city streets are converted (96 total
rain gardens). Number of streets converted is NOT limited by current street
reconstruction program as it is in Alternative b.

<1

2

2

2

<1

<1

1

<0.1

<0.1

<0.1

240

Bioretention cells at this implementation percentage
do not significantly reduce flows.

No

Yes

Yes

Same as above. Assumed 50% of all of the streets in the Study Area are converted
(480 total Facilities).

2

11

15

12

4

1

12

<0.1

0

1

203

Bioretention at 50% of available sites show measurable
reduction in flow and volume. 2% flow reduction for IS-073
is not representative of benefit. Volume reductions are better
indicator of value to this component. However, feasibility is
likely limited because of desire to preserve trees in the
parkway. This option has an added water quality benefit.

55 gallons per barrel, on average there would be 1 barrel per residential property or
3000 barrels.

1

<1

<1

<1

<1

<1

<1

<0.1

<0.1

<0.1

242

No significant benefit relative to improved system performance
for 3 inch, 1 hour event.

No

Paving blocks with openings that allow infiltration into a sand and gravel layer
underneath. Up to one inch of street runoff can be retained. Streets comprise 14%
of the total area, assumed to be uniform across the study area. Assumed that 10% of
all the city streets are converted. Number of streets converted NOT limited by
current street reconstruction program.

<1

<1

<1

<1

<1

<1

<1

<0.1

<0.1

<0.1

242

No significant benefit relative to improved system performance
for 3 inch, 1 hour event. Expect to show benefits with more
frequent events

No

Same as above. Assumed 50% of all the streets in the Study area are converted.

<1

3

3

3

<1

<1

2

<0.1

0.1

<0.1

239

No significant benefit relative to improved system performance
for 3 inch, 1 hour event.

No

f Bioswales

Use drainage swale to provide
pollutant removal and storm water
quality improvement

Not analyzed (not practical given limited opportunities for bioswales to provide
meaningful runoff reduction)

No

g Green Roofs

Use plantings or sod on roofs to
absorb or delay roof runoff

Not analyzed (not practical given the limited flat roof opportunities in the Village
and their ability to make a significant difference in the final solution)

No

Table 1
Ad Hoc Modeling Question 110 - Edgewood Avenue Drainage Study
Solution Screening Table
November 14, 2014
Percent Reduction in a 3-inch, one-hour storm

Potential Solution Component

Description/
Purpose

Modeling Assumptions/Approaches

Peak Flow
Total
at
Volume at
IS-073
IS-073

Peak
Flow
at
IS-074A

Depth Reduction in a 3-in, 1-hr

Peak Flow Peak Flow Peak Flow
HGL at
Total
at
at
at
Maryland
Volume at Maryland Edgewood Shorewood
and
IS-074A
and
and
and
Stratford
Straford
Murray
Murray

HGL at
HGL at
Edgewood Shorewood
and
and
Murray
Murray

MH not
Meeting
6-ft
Criterion
(Baseline
242 MHs)

Comments on feasibility/performance

Not analyzed (not practical given their effectiveness in runoff reduction compared to
the magnitude of flows that must be addressed to solve the basement backup and
surface flooding problems in the Village. Typical interception increases are 0.10
inches). Shorewood had numerous trees in the ROWs already so the ability to
effectively increase capacity is limited.

h Stormwater Trees

Plant additional deciduous trees to
increase rainfall interception

i Inlet Control (Street Storage)

Restrict inflow into the combined
Not Analyzed (not feasible; limited flat areas; limited available storage on streets;
sewer system and store excess on the
street ponding and associated street berms not acceptable)
street

j Street Conveyance

Restrict inflow into the combined
sewer system and use the streets to
convey the flow downstream.
Requires construction of some storm
sewer improvements to convey street
flows to the river.

k Downspout Disconnection

Assumed that half of the roof area is diverted to a pervious area thus net downspout
Disconnect roof drains from the
disconnection is assumed at 50%. Some downspouts in the Village have already
combined sewer system and redirect
been disconnected but this is not reflected in the existing conditions model. On
the flow to a grassed pervious
average, 50% downspout disconnection reduces flows by about 7% according to
surface
previous HSPF modeling of the City combined sewer area (30th St. Corridor).

2

7

7

7

2

<1

4

<0.1

0

0.1

l Underground Storage at Menlo

Construct underground storage vault
under E. Menlo Boulevard between
N. Maryland Avenue and E. Prospect
Avenue to reduce peak flow leaving
this area

3

8

0

0

28

6

<1

1

0.4

<0.1

m Underground Storage in the Park

Construct underground storage vault
in the park at E. Edgewood Avenue
19 acre-ft (2.5 acre x 7.5 ft deep) underground storage vault in the park at E.
and N. Oakland Avenue to lower the
Edgewood Avenue and N. Oakland Avenue, pumps discharge to drain storage vault.
hydraulic grade line on E. Edgewood
Avenue

n Underground Storage at the other locations

Locally store flow that exceeds pipe
Not Analyzed (no specific locations identified)
capacity in underground pipes/vaults.

o CSO Upsizing

Increase District CSO outfall
capacity by increasing its size

Originally envisioned to address perceived bottleneck at CSO outlet pipe. However,
bottlenecks extend throughout the system.

Peak flow
increases

Volume is
unchanged

Peak flow
increases

Volume is
unchanged

5

Peak flow
increases

Peak flow
increases

0.1

3.0

<0.1

p Parallel Shorewood CSO

Increase District CSO capacity by
adding a Village parallel pipe

Originally envisioned to address perceived bottleneck at CSO outlet pipe. However,
bottlenecks extend throughout the system.

Peak flow
increases

Volume is
unchanged

Peak flow
increases

Volume is
unchanged

5

Peak flow
increases

Peak flow
increases

0.1

3.0

<0.1

q Pump excess flow to the river

Pump flow that exceeds existing pipe Originally envisioned to address perceived bottleneck at District CSO outlet pipe.
capacity to the river
However, bottlenecks extend throughout the system. Not analyzed.

Peak flow
increases

Volume is
unchanged

Peak flow
increases

Volume is
unchanged

Limit inflow into the combined sewer system to 1 cfs/acre (5-year level of service)
reducing stormwater load to combined sewer in the Village. Use streets to convey
stormwater to relief sewer collection points and then to River. Decouple City flows
from Village combined sewers at E. Edgewood Avenue to reduce flows in the E.
Edgewood Avenue Trunk line.

Construct a 1300 ft x 35ft offline underground storage vault under Menlo between
Maryland and Prospect to provide 4 acre-ft of storage to temporary detain excess
flow during a large storm. Gravity drains out of storage vault when downstream
system capacity is available

Incorporate
into
Alternative

No

No

12

26

39

41

Peak Flow
Increases

0

Volume
Increases

0

22

16

29

Peak flow
increases

Peak Flow
Increases

<1

12

1

11.0

9.1

HGL
Increases

0.6

96

Significant flow and volume reductions to Village combined
system. A potential solution component. Peak flow reduction
percentage at IS-073 is not representative of benefits provided
due to existing capacity restrictions. Reduction in non-complying
manholes is better indicator. Project could require additional water
quality controls prior to discharging to the River.

Yes

221

Shows reductions in flow and volume to the combined system. A
potential solution component. Peak flow reduction for IS-073 is
not representative of benefits due to existing system capacity
restrictions. Not a solution by itself. There may be some
implementation challenges to achieve true 50% disconnection.
This option provides water quality benefits.

Yes

242

Menlo storage has some positive effect on the overall system, but
is more effective in reducing peak flows locally. Reduced local
peak flows by nearly 30% at Stratford and Maryland and lowering
HGL by 0.8 ft.

Yes

231

The storage reduces flow at the river outlet, but the upstream
capacity limitations are still the problem. Still have manholes not
meeting required criteria. Not a good solution component.
Solution was envisioned to limit increase in combined sewer flow
and volume to the river (assuming the problem was the capacity
of the existing CSO).

No

Could be a solution component based on Menlo results depending
on whether potential locations are identified.

Yes

239

CSO capacity is greater than the 20% probability flow. Further
upsizing will not provide any significant benefit

No

239

Same as above.

No

239

Performance similar to Solutions o and p. Does not provide
significant benefits unless other system capacity limitations are
addressed.

No

Table 1
Ad Hoc Modeling Question 110 - Edgewood Avenue Drainage Study
Solution Screening Table

November 14, 2014

Percent Reduction in a 3-inch, one-hour storm

Potential Solution Component

Description/
Purpose

Modeling Assumptions/Approaches

r Diversion of stormwater flow to the river

Add additional capacity to for
stormwater to discharge to the river

Originally envisioned to divert stormwater flow off of system. Was not analyzed as
it is similar to "s" diversion to Lake Michigan or overall separation solution.

s Stormwater diversion to Lake Michigan

Divert stormwater flow out of
Village CSSA to Lake Michigan to
reduce system flows.

New 60-inch storm sewer along E. Wood Avenue to divert stormwater to Lake
Michigan. Part of Village's Alternative 2 in the Facilities Plans.

t Overland flow to the Milwaukee River

Construct an overland flow path
from E. Edgewood Avenue and N.
Oakland Avenue to the river

Originally envisioned to address significant overland flow at E. Edgewood Avenue
and N. Oakland Avenue - which does not exist for the design event. Not analyzed.

u Upsize Local Sewers

Provide parallel relief storm sewers
by all existing sewers to reduce
flows in CSSA

Alternative 2 from the Shorewood
v
Comprehensive Facility Plan (2011)

Provide parallel relief storm sewers
as per Alternative 2 and decouple
City flows from Village combined
sewers at E. Edgewood Avenue to
reduce flows in the Edgewood
Avenue Trunk line

Double sewer capacities on all Village and District sewers.

Peak Flow
Total
at
Volume at
IS-073
IS-073

Peak
Flow
at
IS-074A

Peak Flow Peak Flow Peak Flow
HGL at
Total
at
at
at
Maryland
Volume at Maryland Edgewood Shorewood
and
IS-074A
and
and
and
Stratford
Straford
Murray
Murray

Peak flow
increases

Volume is
unchanged

Peak flow
increases

Volume is
unchanged

<1

5

0

0

Peak flow
increases

Volume is
unchanged

Peak flow
increases

Volume is
unchanged

Peak flow
increases

18

IS-073 primarily receives flows from the Village and some drainage area from the City
IS-074A receives flows from the City
The Village's Street Replacement Program in the CSSA for year 2014 to 2020 includes reconstruct streets every two years along Kensington, Murray, Beverly, Newton, and Hackett

Volume
Increases
slightly

47

Peak flow
increases

1

Depth Reduction in a 3-in, 1-hr

Volume
Increases
slightly

<1

HGL at
HGL at
Edgewood Shorewood
and
and
Murray
Murray

MH not
Meeting
6-ft
Criterion
(Baseline
242 MHs)

N/A

3

Peak flow
increases

19

<1

<1

Peak flow
increases

Peak flow
increases

33

Peak flow
increases

<0.1

0.3

4.8

<0.1

Increase

7.8

<0.1

11.1

9.1

233

Comments on feasibility/performance

Expect performance similar to "s". Will provide local benefits,
but additional improvements necessary to solve basement
backup. Could be component of a solution that includes some
separation. Project could require additional water quality
controls prior to discharging to the River.

Provides a benefit to the immediate area around the Village
storm sewer location but may not be cost-effective compared to
the other potential solutions. Project could require additional
water quality controls prior to discharging to the Lake.

Incorporate
into
Alternative

Yes

No

239

Performance similar to Solutions o and p. Does not provide
significant benefits without addressing other system capacity
limitations.

80

This represents a 100% increase in Village sewer capacity but the
1% flow is 150% greater than the 20% flow so the system would
need even more capacity to fully solve the problem with
conveyance alone. The District system would need expansion to
accommodate the 1% flow from this tributary area. Modified
solution involving separation may be a viable component with
discharge to river.

No/Yes

139

Provides substantial benefits throughout the drainage area but
does not solve all of the problems. Benefits include 3 feet HGL
reduction at E. Edgewood Avenue and N. Murray Avenue and 9
feet at E. Shorewood Boulevard and N. Murray Avenue.
Components of this concept could be part of an overall solution.

Yes

No

Ad Hoc 110 (Edgewood Avenue Drainage Study)
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Solution Component Evaluations
The remaining fourteen solutions were evaluated either using XP-SWMM modeling or through
desktop analysis.
GI solutions control stormwater runoff at its source by capturing, holding and infiltrating runoff
from small areas. This capture of runoff helps avoid or reduce the construction of infrastructure
needed to convey runoff to local watercourses. The GI facilities considered for the Village included
residential rain gardens on private property, infiltration trenches and bioretention in the public
street parkways, porous pavement on the public streets, and rain barrels on private property. While
these measures differ in construction, they all capture and store runoff and ultimately let it infiltrate
into the soil. All except porous pavement have a surface storage component and all but the rain
barrels have a subsurface component where water is held underground in a specially designed
granular medium.
For the purpose of evaluating the effectiveness of certain solutions, specific facility sizes and layouts
were assumed as indicated in Table 2. However, these details would be expected to be modified to
meet Village and site specific project needs if considered further for implementation.
Table 2. Green Infrastructure Solution Assumptions
Depression
Total
Depth
Depth
Surface
Dimensions
(ft)
(ft)

Depression Subsurface
Storage
Storage
(ft3)
(ft3)

Total
Storage
(ft3)

a. Residential
Rain Gardens

16 ft x 25 ft

1.0

3.5

250

450

700

b. Underground
Storage
Trenches

50 ft x 3 ft

0.5

4.5

75

325

400

c. Street
Bioretention

9 ft x 100 ft

0.5

3.5

450

1050

1500

d. Rain Barrels

55 gal barrel

e. Porous
Pavement

Entire paved
width of
streets

7
N/A

N/A

N/A

1 inch over
street area

1 inch
over
street area

Downspout disconnection works by diverting flow so that it is delayed from entering the combined
sewer system immediately and, in some cases, given the opportunity to infiltrate into the soil. A
detailed analysis of downspout disconnection effects was conducted for the District’s 30th Street
South Corridor Study using HSPF (Hydrologic System Program – Fortran). That analysis showed
that disconnecting half of the roof area and diverting the flow to pervious areas reduced peak
runoff flows by an average of seven percent. The result of a seven percent of peak flow reduction
was applied in this study by reducing each runoff hydrograph in XP- SWMM. In Shorewood,
downspout disconnection north of East Capitol Drive has a more substantial effect on flow in the
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combined sewer system because flow from the disconnected downspouts will enter the storm
sewers in that area and drain to Lake Michigan rather than draining to the combined sewer system.
Structural solutions considered in the screening analysis included inlet control with street
conveyance, underground storage and various conveyance improvements. The street conveyance
solution restricts inflow into the combined sewer system then conveys the excess flows
downstream using street flow. The underground storage solutions seek to construct off-line storage
facilities in open spaces identified by the Village. Governed by the size of the open land and the
available grades of the connecting sewer system, the detained water is either gravity drained or
pumped out of the facility to the sewer system. In contrast to the storage solutions, the conveyance
solutions increase the sewer capacity in the existing sewer system near bottleneck locations,
previously identified by the Village in its own 2011 Facilities Plan.

Alternative Solution Screening Results
The performance measures defined in TM1 were adopted, as described above. Three locations in
the Village’s system were selected as additional indicators of performance and are shown in Table
1. They are as follows:
1. Village manhole #965 at the corner of East Shorewood Boulevard and North Murray Avenue
where a 42-inch combined sewer in East Shorewood Boulevard and a 12-inch by 18-inch
combined sewer in North Murray Avenue flow into a 42-inch combined sewer in North
Murray Avenue;
2. Village manhole #1012 at the corner of East Edgewood Avenue and North Murray Avenue
where a 54-inch combined sewer in North Murray Avenue and a 72-inch combined sewer in
East Edgewood Avenue flow into a 78-inch combined sewer in East Edgewood Avenue; and
3. Village manhole #753 at the corner of East Stratford Court and North Maryland Avenue
where a 78-inch combined sewer in East Stratford Court and a 66-inch sewer in North
Maryland Avenue combine and flow into a 78-inch combined sewer in North Maryland
Avenue.
4. For these three Village manholes, peak flows and maximum HGLs were selected as
indicators for evaluating the performance of the solutions. The effectiveness of the solution
components were measured as reduction rates, either as reduction of peak flows and total
volume of runoff (in percent), or as reduction in number of problem manholes (manholes
where the HGL is less than 6 feet below the ground elevation, which is assumed to create
basement backups) and HGL elevations in feet.
Table 1 presented a comprehensive solution screening matrix of the potential solution components.
For each solution, the table presents its description and purpose; modeling assumption and
approach; and performance. The table also lists comments regarding the feasibility of the solution
and its viability as a component of the comprehensive solution. Some solutions were analyzed using
the XP SWMM model, while others utilized a desktop approach or engineering judgment. Nearly all
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are only partial solutions to the problem that, if feasible, will be combined together to formulate a
comprehensive solution.
Among the GI solutions that were considered, residential rain gardens, underground storage
trenches (in conjunction with Village’s street replacement program), street rain gardens, rain
barrels and porous pavement were evaluated and their results are provided in Table 1. However,
bioswales, green roofs and stormwater trees were not analyzed because of limited implementation
opportunities in the watershed. Among the analyzed GI solutions, only residential and street
bioretention applications with an aggressive conversion rate (50 percent) can achieve a significant
runoff reduction. These two solutions (with the assumed details shown) are theoretically able to
relieve 15 percent of the basement backups in the area during a 3-inch, 1-hour design storm. The
practical feasibility of these and other theoretical solutions will be considered when formulating the
overall comprehensive solution.
Four infrastructure solutions were determined to be infeasible without the use of detailed analysis.
1. Inlet control with street storage is not feasible because street storage requires very flat
street slopes and most streets in the Edgewood Avenue Drainage Study area have
substantial slope.
2. Underground storage at locations other than East Menlo Boulevard or Hubbard Park was
not considered because there are no other suitable sites in the study area.
3. Diversion of stormwater to the Milwaukee River using an overland flow path would require
flow to be conveyed to a collection location such as the North Oakland Avenue/East
Edgewood Avenue intersection. This approach was considered in conjunction with other
solutions but was not evaluated on its own because its benefits and outcome would be
similar to the solution of increasing the District CSO capacity. Modeling analysis presented
in Ad Hoc 110 Technical Memorandum 1 showed that additional outlet capacity by itself has
little beneficial effect.
4. Finally, pumping excess flow to the Milwaukee River was not evaluated because the
baseline analysis showed that backwater from high river stages is not a significant issue.
Therefore, gravity drainage will be just as effective for substantially lower cost and not
affected by potential power outages.
Among the infrastructure improvements solutions analyzed, downspout disconnections, street
conveyance, Menlo storage and stormwater diversion to either Lake Michigan or the Milwaukee
River were selected to be incorporated into the comprehensive alternative. These solutions are able
to provide an overall or a localized benefit to the CSSA.

Downspout Disconnections
Currently, the Village has 1,988 downspouts disconnected; representing about one third of the
structures in the Village’s CSSA. Due to the complexity and variability of the downspout
disconnection implementation to date across the combined sewer watershed (for example, partial
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disconnection at some of the properties, complete disconnection or no disconnection at others),
the existing downspout disconnection implementation cannot be practically simulated in the
Baseline model. The proposed solution assumed that half of the roof area is diverted to pervious
ground area (50 percent converted rate). With this aggressive rate, it is envisioned that actual
implementation would be a challenge. However, downspout disconnections in the CSSA are
mandatory (with several exceptions) under a new regulation proposed by the District.
Disconnection to at least a 50 percent level was identified as a common component of any
basement backup solution.

Street Conveyance
The street conveyance solution was evaluated through a desktop analysis by restricting 1 cfs/acre
of runoff to the combined sewer system south of East Capitol Drive. The 1 cfs/acre flow rate is
equivalent to an area-averaged 20 percent annual exceedance probability peak flow rate. The
excess flows are conveyed from north to south along streets. Two major street flow routes were
selected to evaluate potential street flow depths. One is along North Prospect Avenue from East
Jarvis Street to East Menlo Boulevard. The other route is along North Murray Avenue from East
Wood Place to East Menlo Boulevard. For a typical street cross section represented in the model
with a 6-inch curb, a 6-inch crown and a 40-foot street width, the maximum street flow depth at the
curb observed from the modeling results was about 7.5 inches near North Murray Avenue south of
East Beverly Road and East Shorewood Boulevard in the 3-inch, 1 hour design storm. It should be
recognized that each time the roadway is overlaid with pavement the storage or flow capacity of
that segment of street is reduced.

Menlo Storage
The potential solution based on an underground storage facility along East Menlo Boulevard,
employs a facility located under the road median along East Menlo Boulevard between North
Downer Avenue and North Maryland Avenue. It provides a 4-acre-foot storage facility to detain the
excess flow temporarily during a large storm. The facility would be designed to drain the water out
of the facility by gravity when downstream sewer capacity is available. The solution has minor
effect on the overall system, but achieves a 30 percent peak flow reduction at the intersection of
East Stratford Court and North Maryland Avenue and lowers the HGL there by 0.8 feet for the 3inch, 1 hour design storm.

Additional Stormwater Diversion to Lake Michigan
A potential solution based on diversion of combined sewer flow to Lake Michigan was first
proposed in the Village’s 2011 Facility Plan. It comprises a 48-inch storm sewer outlet that would
extend from a flood control relief point at East Wood Place and North Downer Avenue to Lake
Michigan. This potential solution was evaluated using the XP SWMM model of the Village’s CSSA,
but did not offer significant benefits for the area. As a combined sewer flow diversion, this
solution would also have required construction of a new CSO to Lake Michigan, which would not
be permitted. Therefore the 48-inch combined sewer diversion was determined to not be a viable
solution component to basement backup reduction in the Village.
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A second potential diversion solution to Lake Michigan was considered as a 60-inch storm sewer
that would divert additional stormwater flow out of the Village combined sewer system to the
east and discharge to Lake Michigan at East Wood Place extended. The proposed Village 60-inch
storm sewer reduces the peak flow rate at North Maryland Avenue and East Stratford Court by
only 3 percent and reduces the number of problem manholes by 9. Because this approach has
limited effectiveness and the acquisition of right-of-way and an approval to discharge to Lake
Michigan are expected to be difficult, it was dropped from further consideration and not included
in the final solution.

Conveyance Solutions
Two conveyance solutions were analyzed in this study; an enhanced Village sewer capacity solution
and Alternative 2 from the Village’s 2011 Facility Plan. The enhanced Village sewer capacity
solution was evaluated by placing a same size parallel combined sewer along every single
combined sewer in the Village system, representing a 100 percent increase in Village sewer
capacity. The model results reveal this solution is able to eliminate two-thirds of the problem
manholes and lower the HGL at East Shorewood Boulevard and North Murray Avenue by 11 feet
for the 3-inch, 1 hour design storm. Therefore, with a 100 percent increase in Village sewer
capacity, the proposed solution is still not able to mitigate all the problem manholes in the area. The
Baseline model analysis reveals the 1 percent probability peak flow is 150 percent greater than the
20 percent probability peak flow, so the system would need to add 50 percent more capacity (total
of 150 percent of existing capacity) to fully solve the problem. In addition, this solution would
increase flow to the District’s system which is not allowed under the project constraints.
Alternative 2 from the Village’s 2011 Facility Plan was evaluated through XP-SWMM modeling. The
alternative consists of two parts: virtual separation of street runoff and decoupling of City of
Milwaukee combined sewers from the Village of Shorewood combined sewers at East Edgewood
Avenue and North Maryland Avenue. Virtual separation was proposed by installation of storm
trunk sewers south of East Capitol Drive and a new storm outfall at East Menlo Boulevard to the
Milwaukee River. Uncoupling of the City system was accomplished by installation of a combined
sewer segment to route the City flow to the 60-inch City trunk sewer at East Providence Avenue.
Alternative 2 was proposed by the Village’s consultants with an assumption that the storm sewers
in the sewer separation area north of East Capitol Drive are able to convey flow from the 3-inch
storm event and discharge the storm water to the Lake Michigan. Their analysis was accomplished
by desktop methods and no XP-SWMM model was developed. Based on the findings in the Village
Facility Plan, the proposed parallel pipes were input into the Baseline model. That previous analysis
indicates that some storm sewer segments north of East Capitol Drive do not have the capacity to
convey the 3-inch flow to the lake and there would be surface ponding in these areas during such an
event. The model results show that this solution is not able to fully solve the basement backups in
the area. It eliminates almost 45 percent of the problem manholes and lowers the HGL at East
Shorewood Boulevard and East Edgewood Avenue by 9 feet. Because of the uncoupling of the City
of Milwaukee system from the East Edgewood Avenue combined sewer, the peak flow at
intercepting structure IS-073 decreases 18 percent and the total volume of the runoff at the
intercepting structure is reduced 47 percent.
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Alternative Solution Screening Conclusions
The screening results were summarized in detail in Table 1. The following solution concepts were
determined to have sufficient beneficial impact to be considered as a component of the eventual
recommended solution strategy:


Residential Rain Gardens



Bioretention in the Street ROW



Street Conveyance



Downspout Disconnection



Underground Storage



Diversion of Stormwater to the Milwaukee River



Alternative 2 from the Village 2011 Facility Plan

The screening results were presented to the Village and District staff on December 5, 2013. During
the discussion of the results, it was recognized that the working solution from the Village Facility
Plan was costly and would take a long time to implement. It was also noted that the Village had
experienced problems with the long-term maintenance of residential rain gardens. With these
issues in mind, the team agreed to move forward with the development of a comprehensive
solution based on the components listed above.

Alternative Solution
A proposed solution to basement backups in the Village CSSA was developed and evaluated in XPSWMM. The main components of this solution are the following:


Restriction of street inlet flows in the Village CSSA, mainly south of East Capitol Drive, to
approximately the 20 percent probability flow rate (1 cfs/acre).



Further disconnection of downspouts throughout the CSSA until at least 50 percent of all
roof area in the CSSA is diverted to the ground surface, rather than having a direct
connection to the Village combined sewer system.



Street conveyance of surface flows during extreme storms to Village storm sewers located
in the topographic low areas.



A 48- to 54-inch Village storm sewer under North Prospect Avenue from East Shorewood
Boulevard to East Menlo Boulevard.



A 66- to 72-inch Village storm sewer under East Menlo Boulevard leading to a new 72-inch
outfall to the Milwaukee River.
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A 48-inch Village storm sewer under North Maryland Avenue from East Stratford Court to
East Menlo Boulevard.



Disconnection and abandonment of the existing 66-inch connection from the 66-inch
Milwaukee combined sewer on the south side of East Edgewood Avenue, east of North
Maryland Avenue, to the 78-inch Village combined sewer on the north side of East
Edgewood Avenue west of North Maryland Avenue.



Construction of a 66-inch combined sewer on the south side of East Edgewood Avenue to
carry the flow of the existing 66-inch Milwaukee combined sewer from Edgewood and
Maryland Avenues to IS-073 at Edgewood and Oakland Avenues.



Installation of Village overhead sewers in target areas where the Village sewers were found
to be too shallow to meet project criteria or where “residual” basement backups were
thought to remain after the proposed improvements are in place.



Installation of residential rain gardens and bioretention in street right-of-way as is practical
for the Village.

The layouts of the structural components of the plan are shown in Figure 1. The primary feature of
the plan will be installation of inlet restrictors on all Village street inlets between East Edgewood
Avenue and East Capitol Drive. These restrictors will limit inflows to the Village combined sewers
to the 20 percent probability flows which can be safely conveyed to the District facilities. Storms
larger than the 20 percent probability storm would result in excess flows being conveyed generally
to the south on the Village streets. Most streets will carry less than 10 cfs in most storms and flow
depths will be less than a few inches. Some key streets will convey up to 60 cfs in the 1 percent
probability storm. Maximum street depths will be limited to seven inches with the maximum depth
occurring in the gutter. Depending on the height of the crown, streets should be passable for most
automobiles at maximum depth. Ambulance specifications require the ability to ford 8 inches of
water depth. Most street flow depths would be much less than six inches and any street depths
exceeding 5 or 6 inches would occur only for short periods of time and only for infrequent, extreme
storms such as the 3-inch, 1- hour design storm. The major street flows will be directed along North
Maryland Avenue to East Shorewood Boulevard and then to North Prospect Avenue; North Downer
Avenue to East Shorewood Boulevard to North Prospect Avenue; and, North Oakland Avenue to
East Newton Avenue to North Murray Avenue. At the downstream ends of these street flow routes,
the street flow will be captured in new Village stormwater relief sewers and conveyed to and along
East Menlo Boulevard to a new stormwater outfall into the Milwaukee River.
Residential rain gardens and bioretention in the street right-of-way are included in the Alternative
Solution, although their effectiveness during the 3-inch, 1-hour design event are limited. The
screening analysis showed that rain gardens could not be installed in sufficient numbers to reduce
the size or extent of the required infrastructure facilities, but they do contribute to an overall
reduction in flows and HGL. However, their effectiveness if limited because of the difficulty in
assuring long-term maintenance which is necessary for a permanent solution to the flooding in the
Village. The Village has reported that only a few of the original 51 rain gardens previously installed
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in the Village are still fully functional and some have been eliminated completely. Although
bioretention contributes to an overall solution, it was also determined that it could not be installed
in most areas of the Village without damaging or removing existing trees along the edge of the
right-of-way. The presence of trees throughout the area precludes the construction of sufficient
bioswales to have an impact. Nonetheless, residential rain gardens and bioswales should be a
component of the Alternative Solution and should be implemented by the Village where practical.
An additional component of the proposed solution is construction of a new 66-inch combined sewer
in East Edgewood Avenue. The location of this proposed sewer is shown in Figure 1A. This sewer
eliminates an existing bottleneck at Edgewood and Maryland where a 66-inch combined sewer
from the east on Edgewood and a 78-inch combined sewer from the north on Maryland discharge
into a single 78-inch sewer. By disconnecting the southern 66-inch combined sewer from the east,
capacity is provided in the 78-inch combined sewer to receive street drainage from the north of
East Edgewood Avenue between Maryland Avenue and Oakland Avenue.
Construction of a new 66-inch combined sewer in Edgewood Avenue will need to be confirmed
through additional preliminary engineering prior to moving forward into design. There is an
existing 78-inch combined sewer along the north side of Edgewood Avenue and a 30-inch to 42inch combined sewer along the south side of Edgewood Avenue between South Maryland Avenue
and North Cramer Street. Additional engineering will be needed to determine the feasibility of
installing an additional 66-inch combined sewer between these two existing sewers. Initial
examination of the locations of these sewers indicates that it should be possible to construct the
proposed pipe, but a more detailed evaluation of utility conflicts is still needed. In the event of a
major conflict that cannot be resolved, an alternative would be to replace the existing 78-inch
combined sewer with a larger pipe that has the same capacity of the existing 78-inch sewer plus the
proposed 66-inch combined sewer. A 12-foot wide by 5-foot high box culvert (or two 6 feet by 5
feet boxes) is slightly larger and could be constructed in the available space and achieve the
required system performance.

System Performance
The proposed improvements were evaluated and verified by representing the improvements in the
XP- SWMM model (Baseline model) provided by the Village. This model was utilized to evaluate
baseline conditions and was deemed to be the most efficient tool for developing a solution. With
some limitations identified in the footnote below1, the model was determined to be sufficient for

1The

Village’s XP-SWMM model presented several challenges to representing the proposed solution. It is a large and complex
model that appears to have been developed by several different modelers. As such, the model does not employ a logical or
consistent naming convention for link and nodes and the basic documentation such as the sewer atlas and subbasin map is
incomplete. Although it is adequate for some routine analysis for Village purposes, its detailed make-up is not conducive to
efficient alternative representation and evaluation. However, the model appears to be comprehensive and, where it could be
verified, it proved to be accurate. The model depicts 483 individual sewers that comprise 19.4 miles of circular sewer and 4.4
miles of arch and ovoid sewers. It contains both existing sewers and planned projects but the XP-SWMM model
documentation does not clearly differentiate which are existing and which are planned. Similarly, it is not immediately
apparent from the numbering system which pipes make up the storm drain network that drains to Lake Michigan. The
model includes 433 trapezoidal segments used to represent street flow. These are all set up as parallel conduits to modeled
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conducting the conceptual analysis presented here based on the fact that the peak flows generated
by the model are generally consistent with previous estimates for the 20 percent probability storm.
The Baseline model indicated that 242 manholes in the Edgewood area experienced HGL elevations
that exceeded the flooding criterion established for the area of six feet below the manhole rim
elevation during the 3-inch, 1-hour storm as shown in Table 3. The proposed solution eliminates
flooding at most of these locations with only 19 manholes still experiencing unacceptable HGL
elevations. The proposed solution strategy works by lowering the HGL throughout the collection
system. As indicated in Table 3, the Average Maximum HGL is reduced by an average of 4.0 feet,
which is sufficient to solve the basement backup problem at nearly every location in the study area.
The proposed plan results in peak flow changes to IS-073 and IS-074A; these changes are discussed
in the next section on Impacts to District Facilities. The Appendix provides additional information
on flow hydrographs and more detailed graphics showing the proposed improvements and the
system performance for the design events.
Table 3. Summary of System Performance Results
Design
Storm

Scenario

20%
probability
storm

Baseline
Alternative
Solution
Baseline
Alternative
Solution
Baseline
Alternative
Solution

2-inch
1-hour
3-inch
1-hour

64

Total
Volume
at
IS-074A
(MG)
2.4

No. of
Manholes
with HGL
less than 6 ft
below Grade
9

11.3

64

2.4

8

83.7

493

16.3

90

3.3

77

85.3

416

14.3

90

3.3

10

84.1

515

26.4

163

5.4

242

89.1

521

19.9

164

5.4

19

85.1

Peak
Flow at
IS-073
(cfs)

Total
Volume at
IS-073
(MG)

Peak
Flow at
IS-074A
(cfs)

404

12.3

350

Average
Maximum
HGL (ft)
83.8

sewers but are not consistently assigned to “conduit #2” which would have made them easier to deal with. The street
sections are all input as 3 foot wide, 0.5 foot deep sections. Their capacity is so small that it creates significant flooding in
the model and prevents flow from reaching the locations where flooding has been experienced in recent years. This modeling
approach was adequate for typical event pipe analysis, but not for extreme event performance evaluation and alternative
development such as the street conveyance solution concept being evaluated in this Ad Hoc Modeling Question. To evaluate
this adequately, the small street flow sections were replaced in the alternative evaluation model by generic surveyed street
sections, typically 64 feet wide. Eight street sections were surveyed in January 2014 for use in the model.
It was also noted that the Village’s model does not include dry weather flow input nor does it account for extraneous inflows
from foundation drains, sumps pumps or area drains. If the project moves forward into preliminary engineering, it may be
prudent to revise this model for use in additional preliminary engineering analysis or design. It is suggested that some
improvements be made to the model so that it is easier to interpret and better documented.
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With the proposed solution in place, nineteen residual surcharging locations still do not meet the
six foot criterion for the 3-inch, 1-hour design storm as shown in Table 3 and Figure 2. Eight of
these locations are in the City on North Cramer Street and East Hartford Avenue. These problems,
caused by undersized City combined sewers, are not addressed in this proposed plan. The 11
remaining problem areas are scattered throughout the Edgewood area and all are the result of low
lying ground and shallow sewers. In fact, at two of the sites, East Kensington Boulevard at North
Murray Avenue and North Prospect Boulevard north of East Jarvis Street, the sewer is less than six
feet below the rim. In this case, meeting the design criterion is impossible.
Residual HGL elevations at two of these locations are less than 0.6 feet above the six foot depth
criterion. Additional fine-tuning of the inlet control strategy or other engineering solutions could
be performed locally to eliminate these problem areas. The residual HGL elevations at the seven
remaining locations range from 2.5 to 5.2 feet below grade. While it may be possible to reduce the
HGL during final design of the proposed facilities, the likely solution is to install overhead, pumped
sewer services in structures near these locations. It is also possible that 2.5 to 5.2 feet is sufficient
freeboard for some of the structures near these locations. This can also be determined during final
engineering.
The proposed improvements include a new Village storm outfall to the river at East Menlo
Boulevard extended. This proposed outfall discharges stormwater flows to the river for each of the
three design rainfall events. Peak stormwater flows discharged to the river range from 32 cfs for the
20 percent probability storm, up to 371 cfs for the 3-inch, 1-hour storm as presented in Table 4.
For smaller rainfall events, such as the 20 percent probability storm, the new storm outfall peak
flow of 32 cfs is completely offset by a 54 cfs decrease in the existing peak CSO flow. For the 2-inch
event, the 105 cfs increase in stormwater flow to the river, is mostly offset by a corresponding
decrease in the peak CSO discharge of 76 cfs. However, for the more significant events, there is a
net increase in stormwater flow discharged to the Milwaukee River which must be considered to
determine if there are any negative impacts from a quality or quantity perspective.
Table 4. Summary of Flows Affecting MMSD Facilities and Watercourses
Event
20%
Probability
Storm
2-inch, 1hour Storm
3-inch, 1hour Storm

Scenario

Peak Flow
at IS-074A
(cfs)

Peak
Flow at
IS-073
(cfs)

Total Peak Flow to
District IS (cfs)

Peak Flow
of CSO
(cfs)

New Storm
Sewer Outfall
(cfs)

Baseline

64

404

468

412

0

Proposed
Baseline
Proposed
Baseline
Proposed

64
90
90
163
164

350
493
416
515
521

413
582
505
679
680

358
523
447
614
613

32
0
105
0
371

From a quantity perspective, these flow increases are relatively minor compared to the 10 percent
and 1 percent probability flows in the river, estimated at 8,800 cfs and 14,800 cfs respectively
(SEWRPC M.R. No. 172, 2010). In addition, the large area of the Milwaukee River watershed,
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compared to the Edgewood Avenue Drainage area, make it extremely unlikely that both the local
drainage area and the Milwaukee River would be experiencing similar coincident peak flooding
events at the same time. Although, we do not anticipate a problem from a quantity perspective,
additional analysis could be done if necessary to quantify any potential impacts on Milwaukee River
flows or stages.
From a water quality perspective, the proposed storm sewer will discharge additional stormwater
volumes to the river during major rainfall events. Although there are some reductions in CSO
volumes and a corresponding reduction pollutant discharge, there may be an increase in the
pollutant load discharged to the river during significant rainfall events. However, the stormwater
flows discharged through the new Village outfall would be “diluted” stormwater, not combined
sewerage. The proposed solution would capture the low flow through the entire event, and would
expect to capture the entire early portion of large storm events (up to the 20% probability event) in
the existing conveyance and treatment facilities. Under current conditions, flows that are not able to
be discharged to the District’s system or through the District CSO outfall are stored in the system as
basement backups. Combined sewer volume stored in basements ultimately is discharged to the
Village combined sewer system and District conveyance facilities and may receive treatment at one
of the District’s water reclamation facilities if capacity is available in the District’s conveyance and
storage systems when flows in the local system begin to recede.
The proposed storm sewer improvements and new outfall to the river result in a net increase in the
stormwater pollutant load for this solution. However, the recommended solution in the Village’s
2011 Facility Plan has a similar new stormwater outfall to the river that would result in similar, if
not greater, stormwater loading. Nonetheless, this new Village outfall may require further analysis
to determine whether any additional water quality improvements may be necessary. Discussions
with the Wisconsin Department of Natural Resources (WDNR) are recommended on this matter to
determine the best approach to resolve this potential issue. However, for both the proposed
improvements in this TM or the 2011 Village Facility Plan, the tradeoff for this increased
stormwater discharge to the river is the elimination of the basement backups and the associated
minimization of the safety and public health hazards associated with combined sewage in
basements.
Figure 2 also illustrates how the proposed system is expected to perform in the 3-inch, 1-hour
storm event. Flows through street inlets will be restricted to the 20 percent probability flow rate.
Excess flows will be diverted in streets to the proposed storm sewers on North Prospect Boulevard
and East Menlo Boulevard. Maximum street flows will be generally 15 cfs or less. Some larger peak
flows may occur during the 3-inch, 1-hour storm on East Murray Street, North Maryland Avenue,
and East Shorewood Boulevard. Figure 2 shows the peak flows on the streets and in the proposed
Village storm sewer pipes. Figure 3 shows where street flows are anticipated and the estimated
maximum depths in the 3-inch, 1-hour storm. The flow depths were determined using a typical
street cross-section based on street surveys conducted in January 2014. As shown, about half of the
streets will have maximum street flow depths of 3 inches or less. The remaining street depths will
be in the 3 to 6-inch range, but such depths will occur only in extreme storm conditions. In this
initial analysis, flow on three streets is shown to exceed the six inch standard. It is possible that
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some adjustment of street grades, curb heights or flow restrictors will be needed to assure that
street flooding is limited to approximately a six-inch depth and that all flows are maintained in the
public right-of-way. These adjustments can be made during the engineering design phase of the
project. It may also be possible to incorporate any necessary street modifications as a part of the
Village’s ongoing street rehabilitation program to ensure that any street flow depths are acceptable
to the Village and local residents.
The proposed plan does not presently include any improvements south of East Edgewood Avenue.
However, the proposed system does provide benefits to Milwaukee and UWM by reducing the
hydraulic grade line in the combined sewer in East Edgewood Avenue, east of Maryland Avenue by
up to 6 feet. This reduction increases the outlet capacity of local sewers draining north from
Milwaukee into the Edgewood Avenue sewer.

Impact on District Facilities
The proposed project captures up to 371 cfs in the proposed Village storm sewer and discharges to
the Milwaukee River. This diverted flow would otherwise flood low areas and basements under
current conditions and ultimately discharge to District facilities. Flows discharging to and through
District facilities are summarized in Table 4. The proposed solution results in small increases in
peak flow to District intercepting structures during the 3-inch storm. The flow increase to IS-073 is
6 cfs and the increase to IS-074A is 1 cfs. The overall peak flows to District facilities are within 1
percent of existing flows and are actually more than 10 percent lower in the 20 percent probability
design storm.
Total flow volumes discharging to and through District facilities during the first three hours of each
modeled storm are listed in Table 5. As shown, the proposed plan reduces the volume of flow to
District facilities in all events. The reduction in stormwater volume will reduce the total flow
treated at District reclamation facilities, the volume in the ISS, and the volume of CSO discharges.
Table 5. Summary of Flow Volumes Affecting MMSD Facilities and Watercourses
Flow
Flow
Volume of
Volume at Volume at
Flow Volume to
Event
Scenario
CSO
1
IS-074A
IS-073
District IS (MG)
(MG)2
(MG)
(MG)
20%
Baseline
2.4
12.3
14.8
11.3
Probability
Proposed
2.4
11.3
13.8
10.6
Storm
Baseline
3.3
16.3
19.5
15.8
2-inch, 1hour Storm
Proposed
3.3
14.2
17.5
14.0
3-inch, 1hour Storm

New Storm
Sewer
Outfall
(MG)
0
0.4
0
1.5

Baseline

5.4

26.4

31.8

27.5

0

Proposed

5.4

19.9

25.3

21.4

5.5

1 – Volumes may not sum to total due to rounding
2 – Includes volume captured in ISS
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Figures A1 through A6 present hydrographs that compare flows under baseline and proposed
conditions for the 20 percent probability storm, 2-inch, and 3-inch storms. For the purpose of this
presentation, the “CSO” hydrograph includes all flow diverted to either the ISS or the CSO outfall.
Figures A7 to A9 present the peak flows in schematic form.
.
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FIG 1 RECOMMENDED IMPROVEMENTS
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FIG 2 PERFORMANCE GRAPHIC
(3-INCH, 1-HOUR STORM)
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Figure A1: CSO Discharge - 20% Probability Storm
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Figure A2: Total Flow to District Intercepting Structures - 20% Probability Storm
(City of Milwaukee plus Edgewood Area)
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Figure A3: CSO Discharge - 2-inch, 1-hour Storm
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Figure A4: Total Flow to District Intercepting Structures - 2-inch, 1-hour Storm
(City of Milwaukee plus Edgewood Area)
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Figure A5: CSO Discharge- 3-inch, 1-hour Storm
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Figure A6: Total Flow to District Intercepting Structures - 3-inch, 1-hour Storm
(City of Milwaukee plus Edgewood Area)
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EDGEWOOD AVENUE DRAINAGE STUDY
FIGURE A7: SEWER LAYOUT AND
20% CHANCE STORM PEAK FLOWS

Note that Milwaukee and Edgewood sewers comprise approximately
95% of the inflow to the MMSD Intercepting Structures.
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FIGURE A8: SEWER LAYOUT AND PEAK
FLOWS FOR THE 2-INCH/1-HOUR STORM

Note that Milwaukee and Edgewood sewers comprise approximately
95% of the inflow to the MMSD Intercepting Structures.
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EDGEWOOD AVENUE DRAINAGE STUDY
FIGURE A9: SEWER LAYOUT AND PEAK
FLOWS FOR THE 3-INCH/1-HOUR STORM

Note that Milwaukee and Edgewood sewers comprise approximately
95% of the inflow to the MMSD Intercepting Structures.
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