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SOUTHEASTERN 
916 N. EAST AVENUE • 

Mayor, City Council, and 
City Plan Commission 

c/o City Clerk 
City of West Bend 
100 N. Sixth Avenue 

WISCONSIN REGIONAL PLANNIN 
P.O. BOX 1607 • WAUKESHA, WISCONSIN 53187-1607 • 

West Bend, Wisconsin 53095 

Ladies and Gentlemen: 

June 6, 1995 

In January 1985, the City of West Bend requested that the Southeastern Wisconsin Regional Planning Commission 
assist the City in the preparation of a stormwater management plan for the City of West Bend and environs. This 
volume is the third in a series of four volumes, which together present the major findings and recommendations of 
the resulting stormwater management planning program. The first volume set forth the basic principles and concepts 
underlying the planning effort, presented existing and forecast resident population levels and land use within the 
study area, described the existing stormwater drainage system, and identified general stormwater management 
problems. The first volume also described the various components of a typical stormwater management system and 
presented a set of stormwater management objectives, standards, and design criteria for use in plan design, test, 
and evaluations. 

The second volume presented the findings of an evaluation of the existing stormwater management system serving 
that portion ofthe planned urban service area of the City of West Bend lying within the Silver Creek subwatershed, 
described and evaluated alternative stormwater management plans designed to serve that subwatershed through 
the design year 2010, and recommended a stormwater management system plan for the subwatershed. 

This volume pertains to that portion of the planned urban service area of the City lying within the Milwaukee River 
drainage area and presents a recommended stormwater management system plan for that subwatershed. The final 
volume will present information and recommendations for the Quaas Creek subwatershed. 

The information presented herein is consistent with regional, as well as local, land use development, water quality 
management, and floodland management objectives and is intended to serve, along with the other volumes, as a 
guide to City officials in making sound decisions, over time, concerning the development of stormwater management 
facilities in the City of West Bend. 

The Regional Planning Commission is appreciative of the assistance offered by City officials and staff in the 
preparation of this report. The Commission staff stands ready to assist the City in the adoption and implementation 
of the plan over time. 

Sincerely, 

Kurt W. Bauer 
Executive Director 
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Chapter I 

INTRODUCTION 

This volume is the third in a series of four 
volumes which together present the major 
findings and recommendations of a storm water 
management planning program for the City of 
West Bend and environs. The first volume sets 
forth the basic principles and concepts underly
ing the planning effort, presents forecasts of 
anticipated future land use within the study 
area, describes the existing stormwater drainage 
system, and identifies generally existing storm
water management problems. The first volume 
also describes the various components of a 
typical stormwater management system and 
presents the storm water management objectives, 
standards, and design criteria applied in the 
synthesis of the stormwater management plan 
for the City of West Bend. 

The second volume presents the findings of an 
inventory and evaluation of the existing storm
water management system serving that portion 
of the planned urban service area of the City of 
West Bend which lies within the Silver Creek 
subwatershed, describes and evaluates alterna
tive storm water management plans designed to 
serve that subwatershed through the design year 
2010, and recommends a stormwater manage
ment plan for the subwatershed. 

This, the third volume, addresses that portion of 
the planned urban service area of the City which 
lies within designated areas draining to the 
Milwaukee River and presents information 
similar to that provided for the Silver Creek 
subwatershed in the second volume of this 
report. The fourth and final volume presents 
information and recommendations for the Quaas 
Creek subwatershed. 

STUDY AREA 

The study area is shown on Map 1. The Milwau
kee River drainage area stormwater manage
ment study area includes the entire Wingate 
Creek subwatershed plus 57 additional hydro
logic units designated MR-A through MR-BE. 
The portions of the study area for which storm
water management needs were not investigated 
in detail are: 1) areas which are internally 
drained and lie outside the planned urban 

service area or which lie inside the urban service 
area and are almost completely contained within 
a primary environmental corridor where no 
urban development is planned, or 2) areas which 
lie predominantly outside the planned urban 
service area and are not tributary to a major 
stream within the urban service area. 

The water quality management element of this 
plan was designed to be consistent with the 
regional water quality management plan 1 pre
pared by the Regional Planning Commission 
and with the priority watershed plan prepared 
for the East and West Branches of the Milwau
kee River by the State of Wisconsin and the 
County Land Conservation Departments.2 

Therefore, the same areas studied under the 
priority watershed study were included under 
this plan. Map 1 also delineates additional areas 
which were not included under the priority 
watershed study, but which were considered in 
the water quality management and stormwater 
drainage elements of this plan. 

The storm water management alternatives are 
designed to serve the Milwaukee River drainage 
area through the design year 2010. Planned year 
2010 land use conditions are based on the 
recommended land use plan prepared by the 

1 SEWRPC Planning Report No. 30, A Regional 
Water Quality Management Plan for Southeast
ern Wisconsin: 2000, Volume One, September 
1978; Volume Two, February 1979; Volume 
Three, June 1979. 

2 Wisconsin Department of Natural Resources; 
Wisconsin Department of Agriculture, Trade and 
Consumer Protection; and the Dodge, Fond du 
Lac, Ozaukee, Sheboygan, and Washington 
County Land Conservation Departments, A 
Nonpoint Source Control Plan for the East and 
West Branches of the Milwaukee River Priority 
Watershed Project, Publication WR-255-90, Feb
ruary 1989. 
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Regional Planning Commission for the City of 
West Bend.3 

ANALYSIS OF ALTERNATIVE PLANS 

On the basis of experience in the preparation of 
the storm water management plans for the Silver 
Creek and Wingate Creek subwatersheds, the 
City's and Commission's staffs agreed, at an 
interagency staff meeting held on November 13, 
1991, on a set of stormwater management 
components to be incorporated into the basic 
alternatives to be considered. It was agreed that, 
in those hydrologic units which are anticipated 
to experience significant urban development 
over the approximately 20-year planning period, 
a basic alternative would be developed which 
utilized centralized detention storage and storm 
sewer conveyance facilities except in low-density 
residential and certain industrial park areas, 
where the use of roadside swale conveyance 
facilities would also be considered. Experience 
has shown that such a basic alternative would 
often be the most cost-effective means of sub
stantially meeting the standards and objectives 
established for the planning effort in Volume 
One of this report, while recognizing the City's 
policies and preferences regarding the storm
water conveyance system. Additional alterna
tives were investigated when the specific 
characteristics of a hydrologic unit dictated 
consideration of such alternatives. In areas 
which are developed under existing conditions, 
the alternative developed may deviate somewhat 
from the basic alternative set forth above 
because of constraints or opportunities imposed 
by the existing development. 

REVIEW OF PLAN COMPONENTS FOR 
COMPLIANCE WITH CHAPTER NR 103 OF 
THE WISCONSIN ADMINISTRATIVE CODE 

Chapter NR 103 of the Wisconsin Administra
tive Code, which became effective on August 1, 
1991, establishes water quality standards for 
wetlands. The rules set forth in Chapter NR 103 
consist of two parts: 1) a set of standards 
intended to protect water quality-related func
tions of wetlands including sediment and poIlu-

3SEWRPC Community Assistance Planning 
Report No. 167, A Land Use Plan for the City 
of West Bend: 2010, July 1992. 

tion control, stormwater and floodwater storage, 
hydrologic cycle maintenance, shoreline erosion 
protection, habitat protection for aquatic organ
isms and other wildlife species, and recreational 
uses, and 2) implementation procedures for 
application of the water quality standards. The 
Wisconsin Department of Natural Resources 
(DNR) is responsible for the review of proposed 
projects for compliance with Chapter NR 103. 

The plan set forth in this report is intended to 
meet the multiple objectives of controlling 
nonpoint source pollution, protecting primary 
environmental corridors and wetlands, and 
providing adequate storm water drainage and 
flood control facilities to meet the needs of 
existing and new development. Those objectives 
are generally consistent with the intent of the 
standards set forth in Chapter NR 103; however, 
fully meeting each of the objectives may not be 
possible in all instances because the objectives 
may conflict. In such cases, it may be most 
desirable for a certain objective to be met only 
partially in order to insure that other equally 
important objectives can be met fully. 

In general, the .recommendations of this storm
water management plan are intended to preserve 
or enhance the quality of receiving streams and 
wetlands wherever practicable through the 
control of frequently occurring flows and 
through the control of nonpoint source pollution. 
In some instances, the provisions of such con
trols may involve locating a stormwater man
agement facility in a wetland. In those cases, the 
proposed facility must be evaluated for conform
ance with the requirements of Chapter NR 103. 

A project would not be in compliance with the 
provisions of Chapter NR 103 if it is not surface 
water- or wetland-dependent, meaning that it 
does not necessarily require "location in or 
adjacent to surface waters or wetlands to fulfill 
its basic purpose," and if a practicable alterna
tive to the project exists.4 Under a practicable 

4 DNR staff members have determined that wet 
detention basins for control of nonpoint source 
pollution are not surface water- or wetland
dependent and would, therefore, not be in com
pliance with Chapter NR 103 if practicable 
alternatives exist which "will not adversely 
impact wetlands and will not result in other 
significant adverse environmental consequences." 

3 



alternatives analysis, the proposed project would 
be compared to the practicable alternatives 
considering relative monetary costs, logistical 
limitations, technological limitations, and other 
pertinent positive or negative aspects of the 
alternatives. If there is an alternative to the 
project which is practicable, will not adversely 
impact wetlands, and will not have other signifi
cant adverse environmental consequences, then 
the alternative would be selected. 

If, following the practicable alternatives analy
sis, no suitable alternative is identified, an 
assessment of the impacts of the project on the 
functional values of the wetland must be made. 
That assessment should provide details of the 
impacts on the wetland relative to the categories 
set forth in the standards and listed above. 
Those impacts would then be considered by the 
DNR in making a determination that the 
requirements of Chapter NR 103 are satisfied. 

The detailed permit application procedure set 
forth above would be initiated following the 
planning stage, at the time a given project is to 
be implemented. For the purposes of the storm
water management plan documented in this 
report, a practicable alternatives analysis was 
provided in each instance where a component of 
the preliminary recommended plan could result 
in wetland disturbance. If the analysis indicated 
that an alternative to the component included in 
the preliminary recommendation could be pro
vided without significantly compromising the 
overall plan objectives, that alternative was then 
selected. If no such alternative were judged to be 
practicable, the preliminary recommendation 
was maintained and a general assessment of the 
impact of the recommendation on the functional 
values of the wetland was made. That assess
ment was based in part on determinations by 
Commission staff biologists of the existing 
functional value of each affected wetland and 

4 

the potential for enhancement or degradation of 
the wetland. 

ORGANIZATION OF VOLUME THREE 

Following this introductory chapter, the second 
chapter of this volume presents the findings of 
the study of the Wingate Creek subwatershed. It 
includes the evaluation of the existing storm
water management system; the preparation, test, 
and evaluation of alternative stormwater man
agement system plans; a recommended storm
water management system plan; and estimates 
of the cost of the recommended plan. The third 
chapter presents similar information for the 
remaining hydrologic units, where applicable. 
The fourth presents water quality management 
plan elements, dealing specifically with the 
control of non point source pollution from each of 
the areas for which stormwater management 
system plans were prepared. Chapter V presents 
auxiliary plan recommendations regarding 
preservation of natural resources and open 
spaces, revisions to the City's floodplain map, 
and maintenance of storm water management 
facilities. Chapter VI deals with implementation 
of the plan and includes a prioritization of 
projects. The seventh and final chapter presents 
a summary of the recommended plan. 

The design of the recommended plan was based 
upon careful consideration of many factors; 
primary emphasis, however, was placed on the 
degree to which the recommended storm water 
management objectives and supporting stand
ards are satisfied. Most important among the 
considerations were those relating to cost, to the 
ability of the system components to accommo
date flows resulting from the design storm 
events without exacerbating downstream drain
age and flooding problems, and to the ability of 
the system components to abate nonpoint 
source pollution. 



Chapter II 

WINGATECREEKSUBWATERSHED 

INTRODUCTION 

This chapter presents the findings and recom
mendations of the storm water management 
planning program for the City of West Bend as 
it relates to the Wingate Creek subwatershed. 
The chapter is divided into three sections; 1) an 
inventory and evaluation of the existing storm
water management system serving the Wingate 
Creek subwatershed, 2) a description and evalua
tion of alternative stormwater management 
plans designed to serve the subwatershed 
through the design year 2010, and 3) a recom
mended storm water management system plan 
for the subwatershed. 

EVALUATION OF THE EXISTING 
STORMWATER MANAGEMENT SYSTEM 

In order to characterize the existing storm water 
management system, the components of that 
system must be definitively described. Such a 
description permits the hydraulic capacities of 
the existing conveyance and storage facilities to 
be calculated, along with the required capacities 
for the design storms under planned future 
and existing land use development conditions in 
the tributary catchment areas. Those system 
components which are unable to accommodate 
the runoff expected from the design storms 
under either existing or future land use condi
tions, or both, are thus identified. The inade
quate components can then be addressed in the 
design of alternative storm water management 
system plans. 

The 1.65-square-mile' Wingate Creek subwa
tershed was divided, for analytical purposes, 
into 31 subbasins, as shown on Map 2. The 
existing storm water drainage systems are com-

, This drainage area reflects the delineation of 
the Wingate Creek subwatershed on large-scale 
topographic maps prepared in 1990 and 1991. 
This drainage area represents a refinement of 
that documented in Volume One of this report. 
That volume was published before the prepara
tion of the new topographic maps. 

prised primarily of roadway curbs and gutters, 
storm sewer inlets, storm sewers, roadside 
swales, and open channels and associated 
culverts, together with streams to which the 
outlets of the engineered and constructed system 
components discharge. The existing storm water 
management systems are described in Chap
ter II of Volume One of this report. 

The hydraulic capacity of such conveyance 
facilities as storm sewers, roadside swales, 
culverts, and open channels is determined by the 
shape and dimensions of the cross-section of the 
facility, by the facility's composition and lining, 
by its elevation and gradient, and by surface 
roughness as represented by Manning's "n" 
value. The methods used to determine the 
hydraulic capacity ofthe system components are 
described in Chapter IV of Volume One of this 
report. The capacities of storm sewers and open 
channels and culverts in the minor stormwater 
management system and of selected water
courses of the major stormwater management 
system were calculated as part of this evalua
tion. It was assumed that the backyard and 
sideyard drainage swales and the storm sewer 
inlets would have adequate capacity to convey 
to the receiving conveyance facilities of the 
minor system the stormwater flows generated by 
storms up to and including the 10-year recur
rence interval event, except in cases where 
specific problems had been reported by the City 
to indicate to the contrary. In those cases further 
analyses were required. 

Peak rates of stormwater runoff, as determined 
by the hydrologic and hydraulic characteristics 
of each catchment area, were estimated utilizing 
the methods described in Chapter IV of Volume 
One of this report. Peak rates of flow were also 
estimated for catchment areas within subbasins 
in order to determine the hydraulic loadings, as 
appropriate, on each segment of the storm sewer. 
Where these stormwater flows exceed the capaci
ties of the conveyance facilities, surface ponding, 
flooding, and surcharging of upstream and 
downstream drainage facilities may be expected 
to occur. 

In identifying problems in the existing system, 
consideration was given to the potential impact 

5 
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of excessive flows. In some cases, problems were 
not created even though the capacity of the 
system component was exceeded as, for example, 
in the case of the attendant inundation of areas 
in which no flood damage-prone buildings, 
transportation facilities, or other improvements 
were located, and in the case where Standard 
No.3 of Objective No.1 as set forth in Chap
ter tv of Volume One, relating to acceptable 
levels of street flooding during a lO-year recur
rence interval event, was satisfied. 

Because of the generally rural character of the 
Wingate Creek subwatershed, few problems were 
found with the existing drainage system. Insuf
ficient capacities in the minor conveyance 
system were identified at three locations under 
both existing and planned development condi
tions. These locations were: 1) the storm sewer 
in subbasin W7 along Wellington Drive east of 
Clearview Drive, 2) the storm sewer in subbasin 
W8A along Deerfield Drive between Clearview 
Drive and Sandy Acre Drive, and 3) the storm 
sewer in subbasin W8A discharging from Deer
field Drive to the Wingate Creek channel. The 
locations of these three problem areas are shown 
on Maps 3 through 5. No capacity problems were 
identified for the major conveyance systems. No 
structural damages were identified as associated 
with flooding along Wingate Creek. 

ALTERNATIVE STORMWATER 
DRAINAGE PLANS 

Utilizing the alternative stormwater manage
ment approaches which were described in Chap
ter III of Volume Two of this report, the 
following four alternative stormwater manage
ment plans were developed for the Wingate 
Creek subwatershed: 1) a storm sewer convey
ance plan, 2) a storm sewer-roadside swale 
conveyance plan, 3) a storm sewer conveyance 
plan with centralized detention, and 4) a storm 
sewer-roadside swale conveyance plan with 
centralized detention. 

During the alternative plan development and 
evaluation stage, components of the minor 
drainage system, such as storm sewers and off
channel detention facilities, were considered, as 
were such components of the major drainage 
system as major engineered drainage channels, 
natural watercourses, and on-channel detention 
facilities. In areas with existing or planned 
urban street patterns, the alternative plans 

included a complete system of minor system 
components. In areas planned to be developed 
for urban use but for which no street layout had 
been established, only certain key components of 
the minor system such as trunk storm sewers, 
important open drainage channels, and central
ized detention facilities could be explicitly 
considered. Smaller collector storm sewers, 
culverts, curbs and gutters, and inlets could be 
considered only implicitly through the simula
tion modeling. Nonpoint source pollution abate
ment measures were considered only in a general 
manner in the development and evaluation of 
the alternative system plans. However, these 
components, together with the major system, 
were specifically considered in the design and 
evaluation of the recommended plan. Each 
alternative proposes preservation of natural 
wetlands and floodplains for storage purposes. 

Alternative Plan No.1: 
Storm Sewer Conveyance 
The storm sewer conveyance alternative plan 
involves primarily the provision of new storm 
sewers and engineered open channels to abate 
existing stormwater runoff problems and to serve 
planned new urban development effectively. 
Map 3 shows the approximate location and 
alignment of new storm sewers and engineered 
open channels proposed under the alternative. 
Table 1 presents the. salient characteristics and 
estimated costs of the new storm sewers and 
channels comprising this alternative plan. The 
total estimated capital cost of this alternative 
plan is $3,413,000. The estimated annual opera
tion and maintenance would be $8,200. 

The storm sewer conveyance alternative 
includes 18,350 lineal feet of new storm sewers 
in areas of planned development, ranging from 
l2-inch circular pipe to 68-inch by 43-inch 
horizontal elliptical pipe. As part of the construc
tion of the proposed new storm sewer in sub
basin W9D, it was assumed that an existing sag 
in the Trenton Road profile south of the Wingate 
Creek crossing would be elevated in order to 
provide adequate cover for the storm sewer. 
Elimination of this sag will prevent the overtop
ping of Trenton Road during major flood events 
and consequent potentially raising upstream 
flood stages. Therefore, this alternative plan 
includes the replacement of the Trenton Road 
culvert with two eight-foot-wide by four-foot-high 
reinforced concrete box culverts. With the addi
tion of those culverts, upstream 100-year recur-

7 



Subbasin 
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W1B 
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W2B 
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W3A 

W3B 
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Table 1 

COMPONENTS AND COSTS OF STORMWATER DRAINAGE ALTERNATIVE 
NO.1: STORM SEWER CONVEYANCE IN THE WINGATE CREEK SUBWATERSHED 

Estimated Cost 

Annual 
Operation and 

Project and Component Descriptiona Capital Maintenanceb 

No new storm water management measures considered · ...... -- - -
Northern portion of Wingate Creek subwatershed 
1. 260 feet of 15-inch storm sewer .................... $ 10,000 $ 100 
2. 372 feet of 21-inch storm sewer .................... 19,000 100 
3. 402 feet of 24-inch storm sewer . . . . . . . . . . . . . . . . . ... 25,000 200 
4. 176 feet of 38-inch x 24-inch HE storm sewer · ......... 16,000 100 
5. 368 feet of double 38-inch x 24-inch HE storm sewer ..... 68,000 100 
6. Construct 720-foot long grass-lined channel 

at storm sewer outlet ••••••••••••••••••••• 0·' •••• 11,000 300 
7. Engineering, administration, and contingencies · ......... 52,000 0 

Subtotal $ 201,000 $ 900 

No new storm water management measures considered · ...... - - --
Northern portion of Wingate Creek subwatershed 
1. 663 feet of 38-inch x 24-inch HE storm sewer · ......... $ 61,000 $ 200 
2. 650 feet of double 38-inch x 24-inch HE storm sewer ..... 120,000 500 
3. 1,250 feet of double 45-inch x 29-inch HE storm sewer .... 275,000 500 
4. Deepen and reconstruct 2,535 feet 

of Wingate Creek channel ........................ 31,000 1,100c 

5. Engineering, administration, and contingencies · ......... 169,000 0 

Subtotal $ 656,000 $2,300 

Northern portion of Wingate Creek subwatershed 
1. 183 feet of 1 5-inch storm sewer .................... $ 7,000 $ 100 
2. 707 feet of 24-inchstorm sewer .................... 43,000 300 
3. 908 feet of 36-inch storm sewer . . . . . . . . . . . . . . . . . . . . 89,000 200 
4. 564 feet of 53-inch x 34-inch HE storm sewer · ......... 78,000 100 
5. 748 feet of 60-inch x 38-inch HE storm sewer · ......... 125,000 100 
6. Engineering, administration, and contingencies · ......... 120,000 0 

Subtotal $ 462,000 $ 800 

Northern portion of Wingate Creek subwatershed 
1. 327 feet of 60-inch x 38-inch HE storm sewer · ......... $ 54,000 $ 100 
2. 476 feet of 68-inch x 43-inch HE storm sewer · ......... 91,000 100 
3. Construct 1 ,370-foot-long, grass-lined channel from 

storm sewer outlet to existing drainage channel ......... 46,000 600 
4. Engineering, administration, and contingencies · ......... 67,000 0 

Subtotal $ 258,000 $ 800 

No new storm water management measures considered · ...... - - --
Western portion of Wingate Creek subwatershed 
1. 216 feet of 1.5-foot-deep drainage swale .............. $ 1,000 $ 100 
2. 860 feet of 2.0-foot-deep drainage swale .............. 6,000 300 
3. Engineering, administration, and contingencies · ......... 2,000 0 

Subtotal $ 9,000 $ 400 

Western portion of Wingate Creek subwatershed 
1. 630 feet of 36-inch storm sewer . . . . . . . . . . . . . . . . . . . . $ 62,000 $ 100 
2. 796 feet of 42-inch storm sewer ........•........... 93,000 100 
3. Construct 114-foot-long, grass-lined 

channel at storm sewer outlet . . . . . . . . . . . . . . . . . . . . . . 2,000 100 
4. Engineering, administration, and contingencies · ......... 55,000 0 

Subtotal $ 212,000 $ 300 



Table 1 (continued) 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenanceb 

W4, W5, W6 No new storm water management measures considered · ...... - - - -
W7 Western portion of Wingate Creek subwatershed 

1. Replace 643 feet of 24-inch storm sewer in Wellington 
Drive with 44-inch x 27-inch RCPA storm sewer ......... $ 99,000 $ -100 

2. Replace 665 feet of 27-inch storm sewer in 
Wellington Drive and Wingate Park with 
44-inch x 27-inch RCPA storm sewer ................ 102,000 -100 

3. Engineering, administration, and contingencies · ......... 71,000 0 

Subtotal $ 272,000 $ -200 

W8A Western portion of Wingate Creek subwatershed 
1. Replace 1 35 feet of 50-inch x 31-inch CM PA storm 

sewer in Deerfield Drive with 58-inch x 36-inch 
RCPA storm sewer ............................. $ 32,000 $ 0 

2. Replace 259 feet of 42-inch storm sewer in Deerfield 
Drive with 60-inch x 38-inch HE storm sewer ........... 60,000 0 

3. Engineering, adminilWation, and contingencies · ......... 32,000 0 

Subtotal $ 124,000 $ 0 

W8B Central portion of Wingate Creek subwatershed 
1 . 193 feet of 18-inch storm sewer .................... $ 9,000 $ 100 
2. 11 9 feet of 24-inch storm sewer .................... 7,000 100 
3. 177 feet of 27-inch storm sewer .................... 12,000 100 
4. 381 feet of 30-inch storm sewer .................... 30,000 100 
5. Engineering, administration, and contingencies · ......... 20,000 0 

Subtotal $ 78,000 $ 400 

W9A Central portion of Wingate Creek subwatershed 
1 . 330 feet of 1 2-inch storm sewer .................... $ 11,000 $ 100 
2. 365 feet of 18-inch storm sewer .................... 16,000 100 
3. Engineering, administration, and contingencies · ......... 10,000 0 

Subtotal $ 37,000 $ 200 

W9B Central portion of Wingate Creek subwatershed 
1. 45 feet of 1 8-inch storm sewer .................... $ 2,000 $ 100 
2. 474 feet of 21-inch storm sewer . . . . . . . . . . . . . . . . . . .. 25,000 200 
3. 302 feet of 24-inch storm sewer .................... 18,000 100 
4. 309 feet of 30-inch storm sewer . . . . . . . . . . . . . . . . . . . . 24,000 100 
5. Engineering, administration, and contingencies · ......... 24,000 0 

Subtotal $ 93,000 $ 500 

W9C No new storm water management measures considered · ...... - - - -
W9D Central portion of Wingate Creek subwatershed 

1. 175 feet of 15-inch storm sewer .................... $ 7,000 $ 100 
2. 302 feet of 38-inch x 24-inch HE storm sewer · ......... 28,000 100 
3. 546 feet of 45-inch x 29-inch HE storm sewer · ......... 60,000 100 
4. Replace existing 72-inch x 44-inchCMPA under 

Trenton Road at Wingate Creek with double 
8-foot x 4-foot reinforced concrete box culvert · ......... 55,000 0 

5. Engineering, administration, and contingencies · ......... 52,000 0 

Subtotal $ 202,000 $ 300 

W10 No new storm water management measures considered · ...... - - - -
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Table 1 (continued) 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenanceb 

W11 Southern portion of Wingate Creek subwatershed 
1 . 380 feet of 18-inch storm sewer . . . . . . . . . . . . . . . . . . . . $ 17,000 $ 100 
2. 31 0 feet of 24-inch storm sewer . . . . . . . . . . . . . . . . . . . . 19,000 100 
3. 335 feet of 45-inch x 29-inch HE storm sewer · ......... 37,000 100 
4. Construct 1 20-foot-long grass-lined 

channel at storm sewer outlet . . . . . . . . . . . . . . . . . . . . . . 1,000 100 
5. Engineering, administration, and contingencies · ......... 26,000 0 

Subtotal $ 100,000 $ 400 

W12, W13 No new storm water management measures considered · ...... -- - -
W14 Eastern portion of Wingate Creek subwatershed 

1. 381 feet of 30-inch storm sewer . . . . . . . . . . . . . . . . .... $ 30,000 $ 200 
2. 440 feet of 36-inch storm sewer .................... 43,000 100 
3. 663 feet of 42-inch storm sewer .................... 78,000 100 
4. Deepen 232 feet of existing open channel 

downstream of storm sewer outlet .................. 6,000 100 
5. Engineering, administration, and contingencies · ......... 55,000 0 

Subtotal $ 212,000 $ 500 

W14A, W148 No new stormwater management measures considered · ...... - - - -
W15 Southern portion of Wingate Creek subwatershed 

.1. 537 feet of 30-inch storm sewer .................... $ 42,000 $ 200 
2. 1,215 feet of 36-inch storm sewer .................. 119,000 200 
3. 890 feet of 53-inch x 34-inch HE storm sewer · ......... 123,000 200 
4. Engineering, administration, and contingencies · ......... 99,000 0 

Subtotal $ 383,000 $ 600 

W16, W17, 
W18, W19 No new storm water management measures considered · ...... - - - -

- - Total $3,413,OOOd $8,200 

NOTE: The following abbreviations have been used: 

CMPA Corrugated metal pipe arch 
HE Horizontal elliptical 
RCPA Reinforced concrete pipe arch 

a All new and replacement storm sewers are concrete pipe. 

bCosts were noted to be zero when the project proposed replacement of a component having similar operation and 
maintenance cost. Negative costs were noted when the replacement component was estimated to have a lower operation 
and maintenance cost than that of the existing facility. 

cMaintenance of channel assumed to consist mainly of sediment removal required to ensure an adequate outlet for the 
proposed storm sewer. 

d'nc'udes $114,000 cost of providing riprap along Wingate Creek channel to protect against erosion due to increased 
streamflow. 

Source: SEWRPC. 

10 



-
Map 3 

ALTERNATIVE PLAN NO 1: STORM SEWER CONVEYANCE FOR STORMWATER MANAGEMENT IN THE WINGATE CREEK SUBWATERSHED 
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Map 4 

ALTERNATIVE PLAN NO . 2 : STORM SEWER-ROADSIDE SWALE CONVEYANCE 
FOR STORMWATER MANAGEMENT IN THE WINGATE CREEK SUBWATERSHED 
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Map 5 

ALTERNATIVE PLAN NO.3: STORM SEWER CONVEYANCE WITH CENTRALIZED 
DETENTION FOR STORMWATER MANAGEMENT IN THE WINGATE CREEK SUBWATERSHED 
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rence interval flood stages would not be 
increased under planned land use and channel 
conditions. The alternative also includes 1,700 
lineal feet of replacement storm sewer in areas 
of existing development, ranging from 44-inch 
by 27-inch reinforced concrete pipe arch to 
66-inch by 38-inch horizontal elliptical pipe. 

A total of about 3,630 lineal feet of new grass
lined open channels would be provided at the 
outlets of storm sewers. Also, about 2,525 lineal 
feet of the Wingate Creek channel would be 
deepened between river miles 1.60 and 2.08 in 
order to provide an adequate outlet for the 
proposed storm sewer in subbasin WID. Proper 
measures should be taken to ensure restoration 
of in-stream habitat lost to this deepening. It 
should also be noted that, in order to place the 
proposed storm sewer at the highest possible 
elevation and thereby minimize the required 
channel deepening, it was assumed that all 
areas of new development in subbasin WID 
would be filled an average of about two feet. 
Finally, this alternative plan includes the 
placement of riprap along the Wingate Creek 
channel in order to control erosion from the 
higher streamflows expected. The actual location 
of the riprap should be determined on a site
specific basis which would identify those areas 
of greatest need. 

Under the storm sewer conveyance alternative 
plan, abatement of pollutants from nonpoint 
sources could be achieved through the installa
tion of parking lot infiltration devices, along 
with certain public works activities. The fre
quency of street sweeping during spring and fall 
would be increased. Leaf and yard waste collec
tion during fall would be increased. The City 
would continue enforcement of its construction 
site erosion ordinance. Public education pro
grams would be developed to encourage good 
urban "housekeeping" practices and to promote 
the acceptance and understanding of the pro
posed abatement measures and the importance 
of water quality protection. 

Alternative Plan No.2: Storm 
Sewer-Roadside Swale Conveyance 
The storm sewer-roadside swale conveyance 
alternative plan involves primarily the provision 
of new storm sewers, roadside swales, and 
engineered open channels to abate existing 
stormwater runoff problems and to serve 
planned new urban development effectively. 
Map 4 shows the approximate location and 
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alignment of new storm sewers, roadside swales, 
and engineered open channels proposed under 
this alternative. Table 2 presents the salient 
characteristics and estimated cost of the new 
storm sewers, roadside swales, and channels. 
This alternative plan has an estimated capital 
cost of $1,512,000 and an estimated annual 
operation and maintenance cost of $12,500. 

This alternative plan includes 12,790 lineal feet 
of roadside swales in areas of planned single
family residential development. The standard 
City of West Bend rural roadway cross-section, 
as shown in Figure 2 in Chapter III in Volume 
One of this report, was assumed for all roadside 
swales. It should be noted that, in order to place 
the roadside swale in subbasin WID at the 
highest possible elevation and thereby eliminate 
the need to deepen the Wingate Creek channel! 
it was assumed that all areas of new develop
ment in subbasin WID would be filled an 
average of about one foot. 

The alternative calls for 5,500 lineal feet of new 
storm sewers in areas of planned development 
and 1,700 lineal feet of replacement storm sewers 
in areas of existing development. The new storm 
sewer ranges from 12-inch circular pipe to 
53-inch by 34-inch horizontal elliptical pipe, 
while the replacement sewer ranges from 44-inch 
by 27 -inch reinforced concrete pipe arch to 
60-inch by 38-inch horizontal elliptical pipe. As 
under the first alternative, as part of the con
struction of the proposed new storm sewer in 
subbasin W9D, it was assumed that the existing 
sag in the Trenton Road profile south of the 
Wingate Creek crossing would be elevated in 
order to provide adequate cover. To avoid raising 
upstream flood stages, the Trenton Road culvert 
would be replaced with two eight-foot-wide by 
four-foot-high reinforced concrete box culverts. 

Some 2,520 lineal feet of new grass-lined open 
channels would be provided at the outlets of 
storm sewers. Finally, this alternative calls 
for the placement of riprap along the Wingate 
Creek channel to control erosion from the 
higher streamflows expected. The location and 
extent of the riprap should be determined on a 
site-specific basis which identifies those areas of 
greatest need. 

Under the storm sewer-roadside swale convey
ance alternative plan, abatement of pollutants 
from nonpoint sources would be achieved 
through the filtering effects of the grass swales, 



Table 2 

COMPONENTS AND COSTS OF STORMWATER DRAINAGE ALTERNATIVE NO.2: STORM 
SEWER-ROADSIDE SWALE CONVEYANCE IN THE WINGATE CREEK SUBWATERSHED 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenanceb 

W1A No new stormwater management measures considered · ...... - - - -
W1B Northern portion of Wingate Creek slibwatershed 

1. 1,209 feet of 1.5-foot-deep roadside swale 
with driveway culverts ........................... $ 10,000 $ 1,000 

2. 368 feet of 2.0~foot-deep roadside swale 
with driveway culverts ........................... 5,000 300 

3. Construct 320-foot-long grass-lined 
channel at swale outlet .......................... 2,000 100 

4. Engineering, administration, and cOr:ltingencies · ... , ..... 6,000 0 

Subtotal $ 23,000 $ 1,400 

W1C No new storm water management measures considered · ...... - - - -

W1D Northern portion of Wingate Creek subwatershed 
1. 663 feet of 1 .5-foot-deep roadside swale 

with driveway culverts ......................... 0 . $ 5,000 $ 600 
2. 1,900 feet of 2.0-foot-deep roadside swale 

with driveway culverts . . . . . . . . . . 0 . 0 0 . . . 0 0 . . . 0 0 . . . 27,000 1,500 
3. Engineering, administration, and contingencies · ......... 11,000 0 

Subtotal $ 43,000 $ 2,100 

W2A Northern portion of Wingate Creek subwatershed 
1. 890 feet of 1.5-foot-deep roadside swale 

with driveway culverts ....................... 0 0 .. $ 7,000 $ 800 
2. 1,241 feet of 2.0-foot-deep roadside swale 

with driveway culverts 0 ...................... 0 0 .. 17,000 1,000 
3. 979 feet of 2.5-foot-deep roadside swale 

with driveway culverts ........... 0 ......... 0 ..... 18,000 800 
4. Engineering, administration, and contingencies · ......... 15,000 0 

Subtotal $ 57,000 $ 2,600 

W2B Northern portion of Wingate Creek subwatershed 
1 0 803 feet of 2.5-foot-deep roadside swale 

with driveway culverts ............ 0 0 ........ 0 .... $ 15,000 $ 700 
2. Construct 1,01 O-foot-Iong, grass-lined channel from 

swale outlet to existing drainage channel .............. 8,000 400 
3. Engineering, administration, and contingencies · ......... 8,000 0 

Subtotal $ 31,000 $ 1,100 

W2C No new stormwater management measures considered · ...... - - - -

W3A Western portion of Wingate Creek subwatershed 
1. 216 feet of 1 o5-foot-deep drainage swale .. 0 ... 0 ... 0 0 .. $ 1,000 $ 100 
2. 860 feet of 200-foot-deep drainage swale . 0 .... 0 ... 0 0 0 . 6,000 300 
30 Engineering, administration, and contingencies · ......... 2,000 0 

Subtotal $ 9,000 $ 400 

W3B Western portion of Wingate Creek subwatershed 
10 977 feet of 2.0-foot-deep roadside swale 

with driveway culverts .. 0 0 0 . 0 0 0 . 0 ... 0 0 .. 0 0 0 .. 0 ... $ 14,000 $ 800 
2. 448 feet of 205-foot-deep roadside swale 

with driveway culverts ...... 0 . 0 0 0 .... 0 0 .. 0 0 0 . 0 0 0 . 8,000 400 
30 Engineering, administration, and contingencies · ......... 7,000 0 

Subtotal $ 29,000 $ 1,200 

W4, W5, W6 No new storm water management measures considered · ...... -- - -
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Table 2 (continued) 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenanceb 

W7 Western portion of Wingate Creek subwatershed 
1. Replace 643 feet of 24-inch storm sewer in Wellington 

Drive with 44-inch x 27-inch RCPA storm sewer ......... $ 99,000 $ -100 
2. Replace 665 feet of 27-inch storm sewer in 

Wellington Drive and Wingate Park with 102,000 -100 
44-inch x 27-inch RCPA storm sewer ................ 

3. Engineering, administration, and contingencies · ......... 71,000 0 

Subtotal $ 272,000 $ -200 

W8A Western portion of Wingate Creek subwatershed 
1. Replace 135 feet of 50-inch x 31-inch CMPA storm 

sewer in Deerfield Drive with 58-inch x 36-inch 
RCPA storm sewer ............................. $ 32,000 $ 0 

2. Replace 259 feet of 42-inch storm sewer in Deerfield 
Drive with 60-inch x 38-inch HE storm sewer ........... 60,000 0 

3. Engineering, administration, and contingencies · ......... 32,000 0 

Subtotal $ 124,000 $ 0 

W8B Central portion of Wingate Creek subwatershed 
1. 193 feet of 18-inch storm sewer .................... $ 9,000 $ 100 
2. 11 9 feet of 24-inch storm sewer .................... 7,000 100 
3. 177 feet of 27-inch storm sewer .................... 12,000 100 
4. 381 feet of 30-inch storm sewer .................... 30,000 100 
5. Engineering, administration, and contingencies · ......... 20,000 0 

Subtotal $ 78,000 $ 400 

W9A Central portion of Wingate Creek subwatershed 
1. 695 feet of 1.5-foot-deep roadside swale 

with driveway culverts . . . . . . . . . . . . . . . . . . . . . . . . . . . $ 6,000 $ 600 
2. Engineering, administration, and contingencies · ......... 2,000 0 

Subtotal $ 8,000 $ 600 

W9B Central portion of Wingate Creek subwatershed 
1. 1,130 feet of 2.0-foot-deep roadside swale 

with driveway culverts ........................... $ 8,000 $ 500 
2. Engineering, administration, and contingencies · ......... 3,000 0 

Subtotal $ 11,000 $ 500 

W9C No new storm water management measures considered ....... -- --
W9D Central portion of Wingate Creek subwatershed 

1. 175 feet of 15-inch storm sewer .................... $ 7,000 $ 100 
2. 302 feet of 38-inch x 24-inch HE storm sewer · ......... 28,000 100 
3. 546 feet of 45-inch x 29-inch HE storm sewer · ......... 60,000 100 
4. Replace existing 72-inch x 44-inch CMPA under 

Trenton Road at Wingate Creek with double 
8-foot x 4-foot reinforced concrete box culvert · ......... 55,000 0 

5. Engineering, administration, and contingencies · ......... 52,000 0 

Subtotal $ 202,000 $ 300 

W10 No new stormwater management measures considered ....... - - - -
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Table 2 (continued) 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenanceb 

Wll Southern portion of Wingate Creek subwatershed 
1 . 380 feet of 18-inch storm sewer .................... $ 17,000 $ 100 
2. 31 0 feet of 24-inch storm sewer . . . . . . . . . . . . . . . . . . . . 19,000 100 
3. 335 feet of 45-inch x 29-inch HE storm sewer · ......... 37,000 100 
4. Construct 120-foot-long grass-lined 

channel at storm sewer outlet . . . . . . . . . . . . . . . . . . . . .. 1,000 100 
5. Engineering, administration, and contingencies · ......... 26,000 0 

Subtotal $ 100,000 $ 400 

W12, W13 No new storm water management measures considered · ...... - - - -
W14 Eastern portion of Wingate Creek subwatershed 

1 . 821 feet of 2.0-foot-deep roadside swale 
with driveway culverts ........................... $ 9,000 $ 500 

2. 663 feet of 2.5-foot-deep roadside swale 
with driveway culverts . . . . . . . . . . . . . . . . . . . . . . . . . . . 12,000 600 

3. Engineering, administration, and contingencies · ......... 7,000 0 

Subtotal $ 28,000 $ 1,100 

W14A, W148 No new storm water management measures considered · ...... - - - -
W15 Southern portion of Wingate Creek subwatershed 

1 . 537 feet of 30-inch storm sewer .................... $ 42,000 $ 200 
2. 1 ,21 5 feet of 36-inch storm sewer . ................. 119,000 200 
3. 890 feet of 53-inch x 34-inch HE storm sewer · ......... 123,000 200 
4. Engineering, admini~tration, and contingencies · ......... 99,000 0 

Subtotal $ 383,000 $ 600 

W16, W17, 
W18, W19 No new storm water management measures considered · ...... - - - -

- - Total $1,512,000c $12,500 

NOTE: The following abbreviations have been used: 

CMPA Corrugated metal pipe arch 
HE Horizontal elliptical 
RCPA Reinforced concrete pipe arch 

a All new and replacement storm sewers are concrete pipe. 

bCosts were noted to be zero when the project proposed replacement of a component having similar operation and 
maintenance cost. Negative costs were noted when the replacement component was estimated to have a lower operation 
and maintenance cost than that of the existing facility. 

c Includes $ 114, 000 cost of providing riprap along Wingate Creek channel to protect against erosion due to increased 
streamflow. 

Source: SEWRPC. 
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the installation of parking lot inilltration devi
ces, and certain public works activities. The 
frequency of street sweeping' during spring and 
fall would be increased. Leaf and yard waste 
collection during fall would be increased. The 
City would continue enforcement of its construc
tion site erosion ordinance. Public education 
programs would be developed to encourage good 
urban "housekeeping" practices and to promote 
the acceptance and understanding of the pro
posed abatement measures and the importance of 
water quality protection. Chiefly because of the 
effects of the roadside swales, the overall level of 
nonpoint source pollution reduction under this 
alternative would be greater than under Alterna
tive Plan No.1, storm sewer conveyance. 

Alternative Plan No.3: Storm Sewer 
Conveyance with Centralized Detention 
The storm sewer conveyance with centralized 
detention alternative plan is essentially the 
same as the storm sewer conveyance plan with 
the exception that it would provide for the 
construction of 10 new detention basins, as 
shown on Map 5. Since no flooding of existing 
structures is expected along Wingate Creek, the 
proposed detention basins are provided to limit 
more frequent flows to existing levels and to 
reduce the size of selected minor system compo
nents where feasible. These basins were sized to 
limit the planned land use two-year recurrence 
interval outflow from each basin to that experi
enced under existing development conditions. 
The purpose of limiting the magnitude of the 
more frequent storm events is to help reduce the 
amount of stream bank erosion and attendant 
sedimentation associated with these events. 
Table 3 presents the salient characteristics and 
estimated costs of the new storm sewers, chan
nels, and detention basins comprising this plan. 
The estimated capital cost of this alternative is 
$3,599,000 and the annual operation and main
tenance cost is $41,700. 

The 10 new detention basins called for under 
this alternative would have surface areas rang
ing from 0.2 acres to 2.3 acres and corresponding 
surcharge storage volumes ranging from 0.2 
acre-feet to 2.7 acre-feet under two-year recur
rence interval runoff conditions. 

This alternative also includes the construction of 
16,300 lineal feet of new storm sewers in areas 
of planned development, ranging from 12-inch 
circular pipe to 68-inch by 43-inch horizontal 
elliptical pipe. As under the preceding altern a-

18 

tives, the existing sag in the Trenton Road 
profile south of the Wingate Creek crossing 
would be elevated and the Trenton Road culvert 
would be replaced with two eight-foot-wide by 
four-foot-high reinforced concrete box culverts in 
order to avoid increasing the 100-year recurrence 
interval flood stage. The alternative also 
includes 1,440 lineal feet of replacement storm 
sewer in areas of existing development, ranging 
from 44-inch by 27-inch to 58-inch by 36-inch 
reinforced concrete pipe arch. 

A total of about 2,690 lineal feet of new grass
lined open channels would be provided at the 
outlets of storm sewers. Also, about 2,535 lineal 
feet of the Wingate Creek channel would be 
deepened between river miles 1.60 and 2.08 in 
order to provide an adequate outlet for the 
proposed storm sewer in subbasin WID. Proper 
measures should be taken to ensure restoration 
of in-stream habitat lost due to this deepening. 
It should also be noted that, in order to place the 
proposed storm sewer at the highest possible 
elevation and thereby minimize the required 
channel deepening, it was assumed that all 
areas of new development in subbasin WID 
would be filled an average of about two feet. 

For purposes of comparing storm water drainage 
alternatives, the new detention facilities were 
sized as dry basins with no permanent pool for 
abatement of nonpoint source pollutant load
ings. The basins could be enlarged into wet 
basins which would be effective in removing 
nonpoint source pollutant loadings, primarily 
through sedimentation of particulate pollutants 
and the biological uptake of nutrients. Addi
tional non point source pollution reduction could 
be achieved through the control of construction 
site erosion, through the installation of parking 
lot infiltration devices, and by implementation 
of a public education program. Assuming the 
basins were expanded into wet basins, this 
alternative plan would achieve a greater level of 
abatement of non point source pollutants than 
that achieved by either of the two purely convey
ance alternative plans described above. 

Alternative Plan No.4: Storm Sewer-Roadside 
Swale Conveyance with Centralized Detention 
Upon review of the features, benefits, and costs 
of the three alternative plans mentioned above, 
consideration was given to a fourth alternative 
which would incorporate both the benefits of the 
centralized detention basins and the lower 
capital cost of the roadside swales. This altern a-



Table 3 

COMPONENTS AND COSTS OF STORMWATER DRAINAGE ALTERNATIVE NO.3: STORM 
SEWER CONVEYANCE WITH CENTRAtlZED DETENTION IN THE WINGATE CREEK SUBWATERSHED 

, 

Estimated Cost 

Annual 
Subbasin Operation ang 

Designation Project and Component Descriptiona Capital Maintenance 

W1A No new storm water management measures considered ........ - - - -
W1B Northern portion of Wingate Creek subwatershed 

1. 260 feet of 15-inch storm sewer . .................... $ 10,000 $ 100 
2. 372 feet of 21-inch storm sewer ..................... 19,000 100 
3. 402 feet of 24-inch storm sewer ..................... 25,000 200 
4. 176 feet of 38-inch x 24-inch HE storm sewer · .......... 16,000 100 
5. 368 feet of double 38-inch x 24-inch HE storm sewer ...... 68,000 100 
6. Construct 720-foot long grass-lined 

channel at storm sewer outlet ....................... 11,000 300 
7. Engineering, administration, and contingencies ........... 52,000 0 

Subtotal $ 201,000 $ 900 

W1C No new storm water management measures considered ........ - - - -
W1D Northern portion of Wingate Creek subwatershed 

1 . 663 feet of 38-inch x 24-inch HE storm sewer · .......... $ 61,000 $ 200 
2. 650 feet of double 38-inch x 24-inch HE storm sewer ...... 120,000 500 
3. 740 feet of double 45-inch x 29-inch HE storm sewer . ..... 163,000 300 
4. Deepen and reconstruct 2,535 feet 

of Wingate Creek channel .......................... 31,000 1,100c 

5. Construct 21 O-foot-Iong grass-lined 
channel at detention basin outlet ..................... 3,000 100 

6. Construct a 1 .8-acre-foot detention basin ....... ; ....... 58,000 3,400 
7. Engineering, administration, and contingencies · .......... 153,000 0 

Subtotal $ 589,000 $ 5,600 

W2A Northern portion of Wingate Creek subwatershed 
1. 183 feet of 1 5-inch storm sewer ..................... $ 7,000 $ 100 
2. 707 feet of 24-inch storm sewer ..................... 43,000 300 
3. 908 feet of 36-inch storm sewer ..................... 89,000 200 
4. 564 feet of 53-inch x 34-inch HE storm sewer . .......... 78,000 100 
5. 748 feet of 60-inch x 38-inch HE storm sewer . .......... 125,000 100 
6. Engineering, administration, and contingencies · .......... 120,000 0 

Subtotal $ 462,000 $ 800 

W2B Northern portion of Wingate Creek subwatershed 
1. 327 feet of 60-inch x 38-inch HE storm sewer · .......... $ 54,000 $ 100 
2. 476 feet of 68-inch x 43-inch HE storm sewer . .......... 91,000 100 
3. Construct 890-foot-long, grass-lined 

channel from storm sewer outlet ..................... 32,000 400 
4. Construct a 4.5-acre-foot detention basin ............... 88,000 4,700 
5. Engineering, administration, and contingencies . .......... 92,000 0 

Subtotal $ 357,000 $ 5,300 

W2C No new storm water management measures considered ........ - - - -
W3A Western portion of Wingate Creek subwatershed 

1 . 21 6 feet of 1 .5-foot-deep drainage swale ............... $ 1,000 $ 100 
2. 540 feet of 2.0-foot-deep drainage swale ............... 4,000 200 
3. Construct a 1 .1 -acre-foot detention basin ............... 53,000 2,800 
4. Engineering, administration, and contingencies · .......... 20,000 0 

Subtotal $ 78,000 $ 3,100 

W3B Western portion of Wingate Creek subwatershed 
1. 630 feet of 24-inch storm sewer ..................... $ 39,000 $ 200 
2. 494 feet of 36-inch storm sewer ..................... 48,000 100 
3. Construct a 2.5-acre-foot detention basin ............... 67,000 3,600 
4. Engineering, administration, and contingencies ........... 54,000 0 

Subtotal $ 208,000 $ 3,900 
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Table 3 (continued) 

Estimated Cost 

Annual 
Subbasin Operation ang 

Designation Project and Component Descriptiona Capital Maintenance 

W4, W5, W6 No new storm water management measures considered ........ - - - -
W7 Western portion of Wingate Creek subwatershed 

1 . Replace 643 feet of 24-inch storm sewer in Wellington 
Drive with 44-inch x 27-inch RCPA storm sewer .......... $ 99,000 $ -100 

2. Replace 665 feet of 27-inch storm sewer in 
Wellington Drive and Wingate Park with 
44-inch x 27-inch RCPA storm sewer .................. 102,000 -100 

3. Engineering, administration, and contingencies · .......... . 71,000 0 

Subtotal $ 272,000 $ -200 

W8A Western portion of Wingate Creek subwatershed 
1. Replace 135 feet of 50-inch x 31-inch CMPA 

storm sewer in Deerfield Drive with 
58-inch x 36-inch RCPA storm sewer .......•.......... $ 32,000 $ 0 

2. Engineering, administration, and contingencies . .......... 10,000 0 

Subtotal $ 42,000 $ 0 

W88 Central portion of Wingate Creek subwatershed 
1. 193 feet of 1 8-inch storm sewer • ••••••••••• 0 ••••••••• $ 9,000 $ 100 
2. , 1 9 feet of 24-inch storm sewer · .................... 7,000 100 
3. 177 feet of 27-inch storm sewer · .................... 12,000 100 
4. 231 feet of 30-inch storm sewer ..................... 18,000 100 
5. Construct a 0.9-acre-foot detention basin ............... 49,000 2,700 
6. Engineering, administration, and contingencies · .......... 33,000 0 

Subtotal $ 128,000 $ 3,100 

W9A Central portion of Wingate Creek subwatershed 
1 . 330 feet of 1 2-inch storm sewer ..................... $ 11,000 $ 100 
2. 175 feet of 18-inch storm sewer ..................... 8,000 100 
3. Construct a 0.4-acre-foot detention basin ............... 25,000 1,300 
4. Engineering, administration, and contingencies · .......... 16,000 0 

Subtotal $ 60,000 $ 1,500 

W98 Central portion of Wingate Creek subwatershed 
1. 55 feet of 15-inch storm sewer ...................... $ 2,000 $ 100 
2. 776 feet of 18-inch storm sewer ..................... 36,000 300 
3. 309 feet of 21-inch storm sewer ..................... 16,000 100 
4. Engineering, administration, and contingencies · .......... 19,000 0 

Subtotal $ 73,000 $ 500 

W9C No new storm water management measures considered ........ - - - -
W9D Central portion of Wingate Creek subwatershed 

1. 175 feet of 15-inch storm sewer ..................... $ 7,000 $ 100 
2. 368 feet of 38-inch x 24-inch HE storm sewer ........... 34,000 100 
3. 220 feet of 30-inch storm sewer ..................... 17,000 100 
4. Construct a 1 .4-acre-foot detention basin ............... 56,000 3,100 
5. Replace existing 72-inch x 44-inch CMPA under 

Trenton Road at Wingate Creek with double 
8-foot x 4~foot reinforced concrete box culvert ........... 55,000 0 

6. Engineering, administration, and contingencies · .......... 59,000 0 
Subtotal $ 228,000 $ 3,400 

Wl0 No new stormwater management measures considered ........ - - --
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Table 3 (continued) 

Estimated Cost 

Annual 
Subbasin Operation ang 

Designation Project and Component Descriptiona Capital Maintenance 

Wll Southern portion of Wingate Creek subwatershed 
1. 380 feet of 18-inch storm sewer ..................... $ 17,000 $ 100 
2. 325 feet of 24-inch storm sewer ..................... 20,000 100 
3. Construct a 1 .4-acre-foot detention basin ............... 58,000 3,100 
4. Engineering, administration, and contingencies · .......... 33,000 0 

Subtotal $ 128,000 $ 3,300 

W12, W13 No new stormwater management measures considered ........ - - - -

W14 Eastern portion of Wingate Creek subwatershed 
1. 381 feet of 30-inch storm sewer ..................... $ 30,000 $ 200 
2. 440 feet of 36-inch storm sewer ..................... 43,000 100 
3. 663 feet of 42-inch storm sewer ..................... 78,000 100 
4. Deepen 232 feet of existing open channel 

downstream of storm sewer outlet .................... 6,000 100 
5. Construct a 4.6-acre-foot detention basin ............... 90,000 4,800 
6. Engineering, administration, and contingencies ........... 86,000 0 

Subtotal. $ 333,000 $ 5,300 

W14A, W148 No new storm water management measures considered ........ - - - -
W15 Southern portion of Wingate Creek subwatershed 

1 . 537 feet of 30-inch storm sewer ..................... $ 42,000 $ 200 
2. 1,215 feet of 36-inch storm sewer ................... 119,000 200 
3. 560 feet of 53-inch x 34-inch HE storm sewer · .......... 78,000 100 
4. Construct a 3.9-acre-foot detention basin ............... 86,000 4,600 

, 

5. Construct a 1 OO-foot-Iong grass-lined 
channel at detention basin outlet ..................... 1,000 100 

6. Engineering, administration, and contingencies · .......... 114,000 0 

Subtotal $ 440,000 $ 5,200 

W16, W17, No new stormwater management measures considered - - - -
W18, W19 

- - Total $3,599,000 $41,700 

NOTE: The following abbreviations have been used: 

CMPA Corrugated metal pipe arch 
HE Horizontal elliptical 
RCPA Reinforced concrete pipe ~rch 

a All new and replacement storm sewers are concrete pipe. 

bCosts were noted to be zero when the project proposed replacement of a component having similar operation and 
maintenance cost. Negative costs were noted when the replacement component was estimated to have a lesser operation 
and maintenance cost than the cost of the existing facility. 

c Maintenance of channel assumed to consist mainly of sediment removal required to ensure an adequate outlet for the 
proposed storm sewer. 

Source: SEWRPC. 
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tive plan represents a combination of the com
ponents of Alternative Plans No.2 and 3, as 
shown on Maps 4 and 5. 

Under this alternative plan, 10 new stormwater 
detention basins would be constructed as called 
for in the storm sewer conveyance plan with 
centralized detention. In addition, about 4,505 
lineal feet of new storm sewer would be con
structed and about 1,440 lineal feet of existing 
storm sewer would be replaced. Also, about 
12,660 lineal feet of roadside swales and about 
845 lineal feet of open channel would be con
structed. Finally, the existing Trenton Road 
culvert at Wingate Creek would be replaced with 
a double eight-foot-wide by four-foot-high rein
forced concrete box culvert. 

The estimated capital cost of this alternative 
plan is $1,966,000. The estimated annual opera
tion and maintenance cost would be $45,200. In 
addition to the detention basins, nonpoint source 
pollution reduction would be achieved through 
the control of construction site erosion, through 
the installation of parking lot infiltration devi
ces, and by implementation of a public education 
program. Assuming the storm water detention 
basins were expanded to wet basins, this alter
native would achieve the greatest level of 
abatement of nonpoint source pollutants of the 
four alternative plans presented. 

Evaluation of Alternative 
Stormwater Drainage Plans 
The foregoing information provides a basis for 
a comparative evaluation of the four alternative 
storm water drainage plans. Each alternative 
was designed to resolve the identified existing 
drainage problems and to serve anticipated 
future development within the subwatershed. 
Also, each alternative preserves primary envi
ronmental corridor lands, including associated 
floodlands and wetlands, in essentially natural, 
open uses. Thus, the principal criteria for the 
comparative evaluation were reduced to cost, 
non point source pollutant removal effectiveness, 
impacts on flood flows and stages, and environ
mental impacts associated with modification of 
the Wingate Creek channel. For each subbasin 
in the subwatershed, Table 4 compares the 
capital costs, the annual operation and mainte
nance costs, and the present value of the cost of 
each alternative. A comparison of the ability of 
each alternative plan to meet the recommended 
stormwater management objectives and support
ing standards is provided in Table 5 for those 

22 

c objectives and standards which differ in level of 
achievement between the plans. The advantages 
and disadvantages of each alternative are 
discussed below. 

The storm sewer conveyance alternative plan 
relies on storm sewers and open channels to 
convey stormwater runoff to receiving surface 
watercourses in the Wingate Creek subwa
tershed. This plan has the second highest capital 
cost of the four alternatives considered, but also 
the lowest annual operation and maintenance 
cost. The advantages of this plan, in addition to 
the low operation and maintenance costs, are 
that the proposed system would be readily 
implementable and would probably be more 
acceptable to local officials and citizens. Impor
tantly, few health and safety hazards or aes
thetic nuisances would be created. The 
disadvantages of this plan are the high capital 
cost, the fact that downstream discharges would 
be highest of the four alternative plans, the need 
for deepening of the Wingate Creek channel to 
accommodate a proposed storm sewer outfall, 
the lowest level of nonpoint source pollution 
removal of the four alternative plans, and the 
lack of any multipurpose-use benefits. 

Under the combination storm sewer-roadside 
swale conveyance alternative plan, storm sew
ers, roadside swales, and open channels would 
convey runoff to receiving surface waters. This 
plan has the lowest capital cost of the four 
alternatives considered, as well as the second 
lowest operation and maintenance cost. The 
advantages of this alternative, in addition to the 
low capital and operation and maintenance 
costs, are that the downstream discharges would 
be slightly lower, about 15 percent, than under 
the storm sewer conveyance alternative and a 
higher level of nonpoint source pollutant 
removal would be obtained over the storm sewer 
conveyance alternative. The disadvantages of 
this alternative plan are the fact that down
stream discharges would still be higher than 
under the detention storage alternatives, a 
relatively low level of non point source pollutant 
abatement would be achieved because of the 
location of roadside swales only in areas of 
residential development where pollutant load
ings would be low, and the lack of any 
multipurpose-use benefits. In addition, officials 
of the City of West Bend have indicated that the 
use of roadside swales in the City would gener
ally be unacceptable except in areas of low-



Table 4 

ESTIMATED COSTS OFTHE ALTERNATIVE STORMWATER DRAINAGE PLANS FOR 
THE WINGATE CREEK SUBWATERSHED UNDER PLAN YEAR LAND USE CONDITIONS 

Alternative No. 1 Alternative No. 2 
Storm Sewer Conveyance Storm Sewer-Roadside Swale Conveyance 

Annual Annual 
Subbasin Operation and Present Operation and Present 

Designation Capital Maintenance Valuea Capital Maintenance Value a 

W1Ab $ - - $ - - $ - - $ - - $ - - $ - -
W1B 201,000 900 215,000 23,000 1,400 45,000 
W1Cb - - - - - - - - - - - -
W1D 656,000 2,300 692,000 43,000 2,100 76,000 
W2A 462,000 800 475,000 57,000 2,600 98,000 
W2B 258,000 800 271,000 31,000 1,100 48,000 
W2Cb - - - - - - - - - - - -
W3A 9,000 400 15,000 9,000 400 15,000 
W3B 212,000 300 218,000 29,000 1,200 48,000 
W4b - - - - - - - - - - - -

W5 b - - - - - - - - - - - -
W6b - - - - - - - - - - - -
W7 272,000 -200 269,000 272,000 -200 269,000 
W8A 124,000 0 124,000 124,000 0 124,000 
W8B 78,000 400 84,000 78,000 400 84,000 
W9A 37,000 200 40,000 8,000 600 17,000 
W9B 93,000 500 101,000 11,000 500 19,000 
W9Cb - - - - - - - - - - - -
W9D 202,000 300 207,000 202,000 300 207,000 
WlOb - - - - - - - - - - - -
Wll 100,000 400 106,000 100,000 400 106,000 
W12b - - - - - - - - - - - -
W13b - - - - - - - - - - - -
W14 212,000 500 202,000 28,000 1,100 45,000 
W14Ab - - - - - - - - - - - -
W14Bb - - - - - - - - - - - -
W15 383,000 600 392,000 383,000 600 392,000 
W16b - - - - - - - - - - - -
W17b - - - - - - - - - - - -
W18b - - - - -- - - - - - -
W19b - - - - - - - - - - - -
Total $3,413,000 $8,200 $3,544,000 $1,512,000 $12,500 $1,709,000 

density residential or industrial development. 
Future residential development in the Wingate 
Creek subwatershed is envisioned to consist of 
medium-density development or denser. 

The storm sewer conveyance with centralized 
detention alternative plan provides for the 
construction of 10 centralized detention basins, 
as well as storm sewers and open channels to 
convey stormwater runoff to the basins or 
receiving waters. This plan has the highest 
capital cost and the second highest operation 
and maintenance cost of the four alternative 

plans considered. The capital cost and total 
present cost of this alternative, while the highest 
of the alternatives evaluated, are only about 
5 percent and 20 percent higher, respectively, 
than the storm sewer alternative. The advan
tages of this plan are the level of reduction of 
both peak rates of discharge and downstream 
pollutant loadings, a reduction in the required 
size of some conveyance components due to the 
detention basins, and consistency with the 
City's policy of providing storm sewer convey
ance in urban areas. The disadvantages of this 
alternative include the high capital cost and 
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Table 4 (continued) 

Alternative No. 3 Alternative No.4 
Storm Sewer Conveyance with Storm Sewer-Roadside Swale 

Centralized Detention Conveyance with Centralized Detention 

Annual Annual 
Subbasin Operation and Present Operation and Present 

Designation Capital Maintenance Valuea Capital Maintenance Valuea 

W1Ab $ - - $ - - $ - - $ - - $ -- $ - -
W1B 201,000 900 215,000 23,000 1,400 45,000 
W1Cb - - - - - - - - - - --
W1D 589,000 5,600 677,000 112,000 5,100 192,000 
W2A 462,000 800 475,000 57,000 2,600 98,000 
W2B 357,000 5,300 440,000 145,000 5,600 233,000 
W2Cb -- -- - - - - - - --
W3A 78,000 3,100 127,000 78,000 3,100 127,000 
W3B 208,000 3,900 269,000 113,000 4,500 184,000 
W4b -- - - - - - - - - --
W5b - - - - - - - - - - - -
W6b - - - - -- - - - - 269,000 
W7 272,000 -200 269,000 272,000 -200 42,000 
W8A 42,000 0 42,000 42,000 0 177,000 
W8B 128,000 3,100 177,000 128,000 3,100 67,000 
W9A 60,000 1,500 84,000 40,000 1,700 19,000 
W9B 73,000 500 81,000 11,000 500 --
W9Cb - - - - - - -- -- 282,000 
W9D 228,000 3,400 282,000 228,000 3,400 - -
W10b -- -- -- -- -- 180,000 

W11 128,000 3,300 180,000 128,000 3,300 - -
W12b -- -- - - - - -- - -
W13b - - -- - - - - - - 242,000 
W14 333,000 5,300 417,000 149,000 5,900 - -
W14Ab - - - - -- - - - - --
W14Bb - - - - - - - - - - 522,000 
W15 440,000 5,200 522,000 440,000 5,200 - -
W16b - - - - - - -- -- - -
W17b - - - - -- - - - - --
W18b - - - - - - - - -- - -
W19b - - - - - - - - - - - -
Total $3,599,000 $41,700 $4,257,000 $1,966,000 $45,200 $2,679,000 

a Present value computations assume a 50-year life and 6 percent annual interest. 

bNo new stormwater management measures considered. 

Source: S£WRPC. 

operation and maintenance costs, the need to 
deepen the Wingate Creek channel to accommo
date a proposed storm sewer outfall, and 
increased land area required for the proposed 
detention facilities. 

The storm sewer-roadside swale conveyance 
with centralized detention alternative plan also 
provides for the construction of 10 detention 
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basins, storm sewers, roadside swales, and open 
channels to convey stormwater runoff to the 
basins or receiving waters. This plan has the 
second lowest capital cost of the four alternative 
plans considered, but also the highest operation 
and maintenance cost. The advantages of this 
plan, in addition to the low capital cost, are that 
it would provide the highest level of reduction in 
both rates of discharge and downstream pollut-



Table 5 

ABILITY OF THE STORMWATER MANAGEMENT ALTERNATIVE PLANS TO MEET THE 
RECOMMENDED STORMWATER MANAGEMENT OBJECTIVES AND SUPPORTING STANDARDS 

Alternative No.4 
Stormwater Alternative No. 1 Alternative No. 2 Alternative No. 3 Storm Sewer-Roadside 
Management Storm Sewer Storm Sewer-Roadside Storm Sewer Conveyance Swale Conveyance with 
Objectivea Supporting Standards Conveyance Swale Conveyance with Centralized Detention Centralized Detention 

The development of a 1 _ Stormwater management Can be partially met Can be partially met Can be met through Can be met through provision 
storm water manage- and flood control facilities through provision of through provision of provision of onsite of onsite controls in 
ment system which should not impede the onsite controls for onsite controls in controls in addition to addition to detention 
will abate nonpoint achievement of existing nonpoint source addition to pollutant detention basins, which basins, which reduce 
source water pol- water use objectives and pollutants loading reductions reduce downstream peak downstream peak dis-
lution and help supporting water quality resulting from discharges charges and infiltration 
achieve the recom- standards for lakes, infiltration and and filtering in swales 
mended water use streams, and wetlands, nor filtering in swales 
objectives and degrade existing habitat 
supporting water conditions for fish and 
quality standards for aquatic life 
suface water bodies 

2. Stormwater drainage and Can be partially met with Can be partially met Can be met through Can be met through detention 
flood control facilities addition of grassed through provision of provision of detention basins controlling peak 
should be designed to flow strips, infiltration grassed swales and basins controlling peak discharges from frequent 
minimize adverse impacts trenches, or wet addition of grassed discharges from frequent storm events, grassed 
on wetlands detention basins flow strips, infiltration stor,!, events and addition swales, and addition of 

trenches, or wet of grassed flow strips, grassed flow strips, 
detention basins infiltration trenches, or infiltration trenches, or 

wet detention basins wet detention basins 

The development of a 1 _ The sum of stormwater Not met; this alternative Met; this alternative has Not met; this alternative has Not met; this alternative has 
stormwater manage- management system capital has the second high- the lowest total the hjghest total present the second lowest total 
ment system which investment and operation est total present value present value value present Value 
will efficiently and and maintenance costs 
effectively meet all should be minimized 
the other stated 
objectives at the 
lowest practicable 
cost 

2_ To the maximum extent Can be met Can be met Partially met; the proposed Partially met; the proposed 
practicable, the location and detention basins would be detention basins would be 
alignment of new storm located on property which located on property which 
sewers and engineered is currently privately is currently privately 
channels and storage owned owned 
facilities should coincide 
with existing public rights-
of-way to minimize land 
acquisition or easement 
costs 

3. Stormwater storage Not met; by design, Not met; by design, Met Partially met; provision of 
facilities, consisting of stormwater storage stormwater storage detention basin with 
retention facilities and of facilities were not facilities were not smaller downstream 
both centralized and onsite included in this included in this conveyance facility is 
detention facilities, should, alternative alternative not economically sound 
where hydraulically feasible compared to provision 
and economically sound, be of larger conveyance 
considered as a means of facility alone 
reducing the size and 
resultant costs of the 
requird stormwater 
conveyance facilities 
immediately downstream 
of these storage sites 

a The stormwater management objectives and supporting standards are set forth in Table 14 of Volume One of this report. This table compares only those objectives and 
supporting standards which differed in the degree to which they are met by the altematives_ 

Source: SEWRPC. 

ant loadings of the four alternatives and a 
reduction in the size of some conveyance compo
nents. In addition to the high operation and 
maintenance cost, the disadvantages of this 
alternative are the increased land area required 

for the proposed detention facilities and the fact 
that City officials have expressed a desire for 
storm sewer conveyance in all urban areas 
except those with low-density residential or 
industrial development. 
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PLAN RECOMMENDATIONS 

Recommended Storm water 
Drainage Plan Element 
On the basis of a comparative evaluation of the 
alternative plans considered, a combination of 
the storm sewer conveyance with centralized 
detention alternative plan and the roadside 
swale alternative plan is recommended for 
adoption in the Wingate Creek subwatershed. 
This recommended plan has a lower capital cost 
than either the storm sewer conveyance or the 
storm sewer with centralized detention alterna
tive. The present worth cost of the recommended 
plan is also less than that of the storm sewer 
conveyance with centralized detention alterna
tive and the storm sewer conveyance alternative. 
The recommended plan also eliminates the need 
to lower the channel of Wingate Creek. This plan 
provides a high level of reduction in non point 
source pollution and in the magnitude of dis
charge from more frequent storm events while 
remaining consistent with the City's policy 
concerning the provision of storm sewers in 
urban areas. The minor and major system 
components of this recommended plan are set 
forth in Table 6. The recommended storm water 
drainage plan is summarized in graphic form on 
Map 6. 

The recommended plan components presented in 
Table 6 and shown on Map 6 reflect certain 
refinements and revisions to the original alter. 
native plans set forth in the previous section of 
this chapter. These refinements are based upon 
further review and analysis of the initially 
selected alternative following review of the 
alternatives by City staff during a May 29, 
1992, interagency staff meeting attended by 
members of the Commission and City staffs. The 
refinements and revisions include the relocation 
of three detention basins, the elimination of 
three detention basins, the westward extension 
of an existing storm sewer in Creek Road, and 
the relocation of one open channel and one 
storm sewer. 

Proposed detention basin DD3B was relocated 
from the south side of Deerfield Drive, on land 
proposed for residential development, to the 
north side of Deerfield Drive, on land proposed 
to remain in open-space use. For similar reasons, 
detention basin WD12 was relocated from the 
west side of Trenton Road, on land proposed for 
commercial development, to the east side of 
Trenton Road, on land proposed to remain in 
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open-space use. Detention basin WD13 was 
originally sited in a wetland. As a result of 
further analyses described in Appendix A of this 
volume, that basin has been relocated about 
1,200 feet further north, outside the wetland and 
primary environmental corridor. The size of that 
basin has also been reduced from 4.6 acre-feet to 
2.8 acre-feet. Detention basins DD4 and DD4A 
have been eliminated because it was found that 
these basins did not contribute significantly to 
a reduction in flows along Wingate Creek nor 
serve to significantly reduce the size of down
stream stormwater conveyance facilities. Deten
tion basin DD7A was also eliminated, on the 
basis of comments made by City staff at the 
May 29, 1992, meeting. At that meeting, City 
staff indicated that future development within 
subbasin W15 would probably result in regrad
ing much of the land so that it would drain 
south, directly to the Milwaukee River, rather 
than north and east towards Wingate Creek, as 
it currently does. If this regrading were to occur, 
subbasin W15 would be reduced in area by about 
21 acres, or about 72 percent. Since basin DD7 A 
would serve a much smaller area than pre
viously envisioned and would accordingly have 
a much smaller impact on reducing Wingate 
Creek flows, it was eliminated from the final 
recommended plan. 

City staff indicated that the existing storm sewer 
in Creek Road would be extended westward. That 
storm sewer extension would result in the inter
ception and redirection of stormwater runoff 
from subbasin W6 and that portion of subbasin 
W7 north of Creek Road. That runoff currently 
crosses Creek Road to the south, where it even
tually enters an existing storm sewer in subbasin 
W7. Because of the additional drainage area and 
attendant runoff, the existing Creek Road storm 
sewer will need to be replaced. However, because 
of the reduction in tributary area, none of the 
existing storm sewer components in subbasin W7 
would need to be replaced. As originally 
designed, the open channel which is intended to 
provide an outlet for the proposed storm sewers 
in subbasin W1B would extend through a wet
land. In order to avoid potential adverse impacts 
on that wetland, the channel has been relocated 
to the north, outside the wetland. Also, the storm 
sewers proposed for subbasin W9B would extend 
partially through a wetland. In order to avoid 
any potential adverse impacts, a segment of 
storm sewer about 600 feet in length was relo
cated westward to avoid that encroachment. 
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TO HYDROLOGIC UNIT MR-BE 

IOD-YEAR RECURRENCE IN1ERVAL fLOOD 
INUNDATION AREA UNDER PLANNED LAND USE 
AND PLANNED DRAINAGE CONDITIONS 

"' 

AREA TRIBUTARY TO STREET TO BE SWEPT II TIMES 
IN SPRING AND (I TiMES IN FALL 

HORIZONTAL ELLIPTICAL REINfORCED CONCRETE PIPE 

RCPA REINFORCED CONCRETE PIPE ARCH 

CMPA CORRUGATED ME TAL PIPE ARCH 

NOTE : PIPES ARE CONSTRUCTED OF REINFORCED CONCRETE 
UNLESS DESIGNATED AS ABOVE 

EXISTING STORM SEWERS AAE GENERALLY SHOWN ONLY 
FOR SE WERS WITH IDENTIFIED EXISTING OR POTENTIAL 
CAPACITY PRDBLEIoiS AND FOR SEWER SEGMEIHS 
IMMEDIATE LY UPSTREA M OF SUCH PROBLE M SECTIONS 

t 



Table 6 

COMPOSITION AND COST OFTHE MINOR AND MAJOR COMPONENTS OFTHE 
RECOMMENDED STORMWATER DRAINAGE PLAN FOR THE WINGATE CREEK SUBWATERSHED 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenance b 

W1A No new storm water management measures recommended - - - -
W1B Northern portion of Wingate Creek subwatershed 

1. 260 feet of 15-inch storm sewer ................... $ 10,000 $ 100 
2. 372 feet of 21-inch storm sewer ................... 19,000 100 
3. 402 feet of 24-inch storm sewer ................... 25,000 200 
4. 544 feet of double 38-inch x 24-inch HE storm sewer · ... 100,000 400 
5. Construct 465-foot-long grass-lined 

channel at stormsewer outlet ..................... 9,000 200 
6. Engineering, administration and contingencies .......... 57,000 0 

Subtotal $ 220,000 $ 1,000 

W1C No new storm water management measures recommended · ... - - - -
W1D Northern portion of Wingate Creek subwatershed 

1 . 663 feet of 1 .5-foot-deep roadside swale 
with driveway culverts .......................... $ 5,000 $ 600 

2. 1,390 feet of 2.0-foot-deep roadside swale 
with driveway culverts . . . . . . . . . . . . . . . . . . . . . . . . . . 20,000 1,100 

3. Construct a 1.3 acre-foot detention basin ............. 50,000 2,700 
4. Engineering, administration, and contingencies · ........ 26,000 0 

Subtotal $ 101,000 $ 4,400 

W2A Northern portion of Wingate Creek subwatershed 
1. 183 feet of 1 5-inch storm sewer ................... $ 7,000 $ 100 
2. 707 feet of 24-inch storm sewer ................... 43,000 300 
3. 908 feet of 36-inch storm sewer ................... 89,000 200 
4. 564 feet of 53-inch x 34-inch HE storm sewer · ........ 78,000 100 
5. 748 feet of 60-inch x 38-inch HE storm sewer · ........ 125,000 100 
6. Engineering, administration, and contingencies · ........ 120,000 ° Subtotal $ 462,000 $ 800 

W2B Northern portion of Wingate Creek subwatershed 
1. 327 feet of 60-inch x 38-inch HE storm sewer · ........ $ 54,000 $ 100 
2. 476 feet of 68-inch x 43-inch HE storm sewer · ........ 91,000 100 
3. Construct 880-foot-long grass-lined 

channel from storm sewer outlet .................. 32,000 400 
4. Construct a 4.5 acre-foot detention basin ............. 57,000c 800c 

5. Engineering, administration, and contingencies · ........ 82,000 0 

Subtotal $ 316,000 $ 1,400 

W2C No new storm water management measures recommended · ... - - - -
W3A Western portion of Wingate Creek subwatershed 

1 . 216 feet of 1 .5-foot-deep drainage swale ............. $ 1,000 $ 100 
2. 540 feet of 2.0-foot-deep drainage swale ............. 4,000 200 
3. Construct a 1.1 acre-foot detention basin ............. 53,000 2,800 
4. Engineering, administration, and contingencies · ........ 20,000 ° Subtotal $ 78,000 $ 3,100 

W3B Western portion of Wingate Creek subwatershed 
1 . 630 feet of 24-inch storm sewer ................... $ 39,000 $ 200 
2. 494 feet of 36-inch storm sewer ................... 48,000 100 
3. Construct a 2.5 acre-foot detention basin ............. 27,000c 600c 

4. Engineering, administration, and contingencies · ........ 40,000 ° Subtotal $ 154,000 $ 900 
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Table 6 (continued) 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenance b 

W4 Western portion of Wingate Creek subwatershed 
1 . 727 feet of 30-inch storm sewer in Creek Road ........ $ 57,000 $ 300 
2. Replace 265 feet of 21-inch storm sewer in 

Creek Road with 30-inch storm sewer · .............. 29,000 0 
3. Replace 928 feet of 27-inch storm sewer in 

Creek Road with 36-inch storm sewer · .............. 133,000 -200 
4. Engineering, administration, and contingencies · ........ 77,000 0 

Subtotal $ 296,000 $ 100 

W5, W6 No new storm water management measures recommended .... - - - -

W7 Western portion of Wingate Creek subwatershed 
1 . 325 feet of 30-inch storm sewer in Creek Road ........ $ 25,000 $ 100 
2. Engineering, administration, and contingencies · ........ 9,000 0 

Subtotal $ 34,000 $ 100 

W8A Western portion of Wingate Creek subwatershed 
1. Replace 135 feet of 50-inch x 31-inch CMPA 

storm sewer in Deerfield Drive with 
58-inch x 36-inch RCPA storm sewer · .............. $ 32,000 $ 0 

2. Engineering, administration, and contingencies · ........ 10,000 0 

Subtotal $ 42,000 $ 0 

W8B Central portion of Wingate Creek subwatershed 
1 . 193 feet of 18-inch storm sewer ................... $ 9,000 $ 100 
2. 11 9 feet of 24-inch storm sewer ................... 7,000 50 
3. 177 feet of 27-inch storm sewer ................... 12,000 100 
4. 390 feet of 30-inch storm sewer ................... 31,000 100 
5. 200 feet of 48-inch storm sewer ................... 28,000 50 
6. Construct a 0.8 acre-foot detention basin ............. 49,000 2,700 
7. Engineering, administration, and contingencies · ........ 47,000 0 

Subtotal $ 183,000 $ 3,100 

W9A Central portion of Wingate Creek subwatershed 
1 . 330 feet of 12-inch storm sewer ................... $ 11,000 $ 100 
2. 365 feet of 18-inch storm sewer ................... 17,000 200 
3. Engineering, administration, and contingencies · ........ 9,000 0 

Subtotal $ 37,000 $ 300 

W9B Central portion of Wingate Creek subwatershed 
1. 45 feet of 18-inch storm sewer ................... $ 2,000 $ 100 
2. 560 feet of 21-inch storm sewer ................... 29,000 200 
3. 440 feet of 24-inch storm sewer . . . . . . . . . . . . . . . . . . . 27,000 100 
4. 320 feet of 27-inch storm sewer ................... 22,000 100 
5. Engineering, administration, and contingencies · ........ 28,000 0 

Subtotal $ 108,000 $ 500 

W9C No new stormwater management measures recommended .... - - - -
W9D Central portion of Wingate Creek subwatershed 

1. 1 75 feet of 1 5-inch storm sewer . . . . . . . . . . . . . . . . . . . $ 7,000 $ 100 
2. 302 feet of 38-inch x 24-inch HE storm sewer · ........ 28,000 100 
3. 546 feet of 45-inch x 29-inch HE storm sewer · ........ 60,000 100 
4. Replace existing 72-inch x 44-inch CMPA under 

Trenton Road at Wingate Creek with double 
8-foot x 4-foot reinforced concrete box culvert · ........ 55,000 0 

5. Engineering, administration, and contingencies · ........ 52,000 0 

Subtotal $ 202,000 $ 300 



Table 6 (continued) 

Estimated Cost 

Annual 
Subbasin Operation and 

Designation Project and Component Descriptiona Capital Maintenance b 

Wl0 No new storm water management measures recommended · ... - - - -
Wll Southern portion of Wingate Creek subwatershed 

1. 380 feet of 18-inch storm sewer ................... $ 17,000 $ 100 
2. 310 feet of 24-inch storm sewer ................... 19,000 100 
3. 335 feet of 45-inch x 29-inch HE storm sewer · ........ 37,000 100 
4. Engineering, administration, and contingencies · ........ 26,000 0 

Subtotal $ 99,000 $ 300 

W12 Southern portion of Wingate Creek subwatershed 
1. Construct a 1.5 acre-foot detention basin ............. $ 14,000c $ 300c 

2. Engineering, administration, and contingencies · ........ 5,000 0 

Subtotal $ 19,000 $ 300 

W13 No new storm water management measures recommended · ... - - - -
W14 Eastern portion of Wingate Creek subwatershed 

1. 381 feet of 30-inch storm sewer ................... $ 30,000 $ 100 
2. 440 feet of 36-inch storm sewer ...............•... 43,000 100 
3. 840 feet of 42-inch storm sewer ................... 98,000 200 
4. Construct a 2.8 acre-foot detention basin ............. 69,000 3,800 
5. Engineering, administration, and contingencies · ........ 84,000 0 

Subtotal $ 324,000 $ 4,200 

W14A, W148 No new stormwater management measures recommended · ... -- - -

W15 Southern portion of Wingate Creek subwatershed 
1. 51 5 feet of 21-inch storm sewer . . . . . . . . . . . . . . . . . . . $ 27,000 $ 200 
2. 510 feet of 24-inch storm sewer ................... 31,000 200 
3. 340 feet of 27-inch storm sewer ................... 23,000 100 
4. Engineering, administration, and contingencies · ........ 29,000 0 

Subtotal $ 110,000 $ 500 

W16, W17, 
W18, W19 No new stormwater management measures recommended · ... - - - -

. - Total $2,785,000 $21,300 

NOTE: The following abbreviations have been used: 

CMPA Corrugated metal pipe arch 
HE Horizontal elliptical 
RCPA Reinforced concrete pipe arch 

a All new and replacement storm sewers are concrete pipe. 

bCosts were noted to be zero when the project proposed replacement of a component having similar operation and 
maintenance costs. Negative costs were noted when the replacement component was estimated to have a lesser operation 
and maintenance cost than the cost of the existing facility. 

cThis basin is recommended to have a permanent pool for water quality purposes as set forth in Chapter IV of this volume. 
The costs shown in this table represent only the incremental cost of providing the additional storage required for flow 
attenuation under the storm water drainage element of the plan. Costs for construction of the wet basin portion have been 
assigned to the water quality element of the plan. 

Source: SEWRPC. 
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Finally, the recommended plan calls for the 
provision of roadside swales in place of storm 
sewers for storm water conveyance in subbasin 
WID. Utilization of roadside swales, as opposed 
to storm sewers, would be less costly and would 
eliminate the need to deepen about 2,500 feet of 
the Wingate Creek channel, a deepening 
required to provide an adequate outlet for the 
storm sewers. The subject reach of Wingate 
Creek is located in a wetland complex. The 
required channel deepening of up to 3.5 feet 
could have a significant adverse impact on this 
wetland and disturb the existing in-stream 
habitat. Because of the potential adverse envi
ronmental impacts, implementation of the storm 
sewer alternative for subbasin WID is consid
ered unlikely. It is felt that these concerns are 
substantial enough to justify the use of roadside 
swales at this location, even though proposed 
development is envisioned to be at a higher 
density than that for which the City normally 
allows the use of such swales. In order to 
maintain consistency in the City policy regard
ing the use of roadside swales, it may be 
necessary for the City Plan Commission to 
rezone this area to provide for low- or suburban
density development. 

The minor stormwater management system 
includes conveyance and centralized detention 
system components. The conveyance compo
nents have been designed to convey flows for 
storm events up to and including the 10-year 
recurrence interval storm, while the centralized 
detention components have been sized to limit 
outflows from a two-year recurrence interval 
storm to existing development conditions and, 
where feasible, to provide some reduction in the 
size of downstream components of the minor 
drainage system. The conveyance components 
include roadside swales, storm sewers and 
related inlets, manholes, outfalls, and open 
channels. The centralized detention components 
include surface detention basins and ponds with 
associated facility inlets and outlets. 

The major stormwater management system 
includes conveyance components that have been 
designed to accommodate flows from a 100-year 
recurrence interval storm. Conveyance compo
nents include street cross-sections, major open 
channel drainageways, and receiving water
courses. The major stormwater management 
system consists of those minor storm water 
management system components necessary to 
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meet drainage requirements, together with 
certain components recommended to offset 
adverse impacts of the recommended minor 
system facilities on downstream flood flows. The 
major system of the recommended storm water 
drainage plan element utilizes the existing 
natural floodwater storage along Wingate Creek 
to the maximum extent practicable. 

The recommended storm water drainage plan 
element envisions that the full street cross
section will be utilized to convey flows in excess 
of those generated by a 10-year recurrence 
interval storm event and up to the flows gener
ated by a 100-year recurrence interval storm 
event. As already noted, in areas with existing 
urban street patterns, or in areas where street 
patterns are available, the capacity of the streets 
to convey the stormwater was calculated and 
evaluated. In other areas it was assumed that 
street patterns and grades would be developed to 
be compatible with stormwater drainage needs. 
Recommended typical street cross-sections for 
arterial, collector, and minor land access streets 
are provided in Chapter III of Volume One of 
this report. 

About 26 percent of the Wingate Creek subwa
tershed was in urban land uses in 1985, the 
remainder was in open, agricultural, woodland, 
and wetland uses. The plan design was based 
upon the City of West Bend land use plan2 which 
provided for about 78 percent of the subwa
tershed to be in urban uses. Storm sewer capacity 
problems identified within the subwatershed are 
indicated by replacement sewers on Map 6. No 
damages to existing structures were identified 
due to flooding during a 100-year recurrence 
interval event along Wingate Creek under either 
existing or planned development conditions. 

To accommodate anticipated runoff conditions 
within the entire subwatershed, the recom
mended plan proposes the construction of 15,900 
lineal feet of new storm sewers ranging in size 
from 12-inch-diameter circular pipe to 68-inch by 
43-inch horizontal elliptical pipe, the construc
tion of 1,330 lineal feet of replacement storm 
sewers ranging in size from 30-inch-diameter 

2SEWRPC Community Assistance Planning 
Report No. 167, A Land Use Plan for the City of 
West Bend: 2010, July 1992 



Table 7 

HYDROLOGIC AND HYDRAULIC CHARACTERISTICS OF RECOMMENDED 
DETENTION BASINS IN THE WINGATE CREEK SUBWATERSHED 

Incremental Total Pond Peak Incremental Total Peak 
Pond Volume Volume for Outflow from Pond Volume Pond Volume Outflow from 

for Control Control of Detention During a During a Detention 
Permanent Permanent of a Two-Year a Two-Year Basin During 100-Year 100-Year Basin During 

Basin Pond Area Pond Volume Storma Storm a Two-Year StormB,b Storm a 100-Year 
Designation (acres) (acre-feet) (acre-feet) (acre-feet) Storm (cfs) (acre-feet) (acre-feet) Storm (cfs) 

WD11 0.6 2.9 1.2 4.1 1 2.5 5.4 44 

WD12 0.3 1.3 0.9 2.2 1 1.5 2.8 27 

WD13 --c --c 1.8 1.8 6 2.8 2.8 93 

WD23 1.1 5.6 3.2 8.8 5 4.5 10.1 96 

000 -- -- 0.9 0.9 1 1.3 1.3 23 

002 -- -- 0.6 0.6 1 1.1 1.1 20 

DD3B -- -- 0.6 0.6 40 0.8 0.8 175 

a Incremental volume above the permanent pond volume. 

b Although not required for control of a tOO-year storm, some flow reduction benefits would be realized through basin construction. Also, basins have been sized to 
ensure that adjacent lands which are proposed for development are not flooded during a tOO-year storm event. 

C Permanent pond eliminated under final recommended plan. 

Source: SEWRPC. 

circular pipe to 58-inch by 36-inch reinforced 
concrete pipe arch, the construction of 2,100 feet 
of turf-lined channel at storm sewer outfalls, and 
the construction of about 2,050 feet of roadside 
swales. The plan assumes that new urban 
development in subbasin WID would be placed 
on an average of about one foot of fill in order 
to provide an adequate outlet for the proposed 
roadside swales. As already noted, the plan also 
envisions that about 21 acres from subbasin W15 
will eventually be regraded so as to drain 
directly to the Milwaukee River, as shown on 
Map 6. In addition, the recommended plan 
proposes the construction of seven detention 
basins with attendant inlet and outlet structures. 
These basins would range in area from 0.2 acre 
to 1.3 acres. Hydraulic and hydrologic character
istics of the recommended detention basins are 
given in Table 7. The plan also recommends the 
replacement of the existing Trenton Road culvert 
over Wingate Creek with a double eight-foot-wide 
by four-foot-high box culvert and the removal of 
the existing roadway sag extending about 550 
feet south of this crossing. The removal of this 
sag is required to accommodate a proposed 
storm sewer in Trenton Road. The location, 
configuration, and horizontal and vertical align-

ment of the street system required to support 
future urban development should be carefully 
laid out to provide the necessary major drainage 
system conveyance capacity. 

The evaluation of nonpoint source pollution 
abatement measures for the entire Milwaukee 
River study area, which is presented in Chapter 
IV of this volume, indicated a need to utilize 
three of these recommended storm water deten
tion basins for dual purposes, with a permanent 
pool for the abatement of nonpoint source 
pollution in addition to the surcharge storage 
volume recommended under the drainage ele
ment. These three basins are indicated on 
Map 6. 

Stormwater Drainage System Costs 
The capital cost of the recommended storm water 
drainage system plan is estimated to be 
$2,785,000. The annual operation and mainte
nance cost increase of the recommended plan is 
estimated to be $21,300. The total present worth 
of the recommended plan is estimated to be 
$3,121,000, assuming a 50-year project life and 
an annual interest rate of 6 percent. These costs 
are all expressed in 1991 dollars. 
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The recommended plan costs are based upon 
planned development of the Wingate Creek 
subwatershed and includes neither the cost of 
minimum-diameter collector sewers, roadside 
swale collectors, and road culverts that may be 
required to drain collector and land access 
roadways, the alignment of which has not yet 
been determined, nor the cost of roadway sec
tions in newly developing areas that have been 
designated to function as a component of the 
major drainage system. The cost of minimum 
size collectors in 1991 dollars would be approxi
mately $7,000 per acre of area served. 

The costs presented above reflect only the storm
water drainage plan element and do not include 
costs for non point source pollutant abatement 
measures. Costs for the entire stormwater man
agement system plan, including those for non
point source pollution abatement measures, are 
presented in Chapter VII of this volume, which 
deals with implementation of the plan. 
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Integration of Stormwater Drainage and 
Water Quality Management Plan Elements 
The recommended water quality management 
plan element for control of non point source 
pollution in the entire Milwaukee River study 
area is described separately in Chapter IV of 
this volume. That chapter sets forth the compo
nents and costs of alternative plans, evaluates 
the alternatives on the basis of how well they 
meet the objectives and supporting standards 
presented in Volume One of this report, and 
selects a recommended plan. The water quality 
control facilities and measures recommended for 
the Wingate Creek subwatershed were integrated 
into the recommended storm water drainage plan 
element, following their quantitative analysis in 
the overall framework of the Milwaukee River 
study area. The recommended stormwater man
agement plan as presented on Map 6 includes 
both the drainage facilities described in this 
chapter and the water quality facilities described 
in Chapter IV. 



Chapter III 

ALTERNATIVES AND RECOMMENDED PLAN FOR THE MILWAUKEE RIVER 
DRAINAGE AREA OUTSIDE THE WINGATE CREEK SUBWATERSHED 

INTRODUCTION 

This chapter presents the findings and recom
mendations of the stormwater management 
planning program for the City of West Bend as 
it relates to areas of the Milwaukee River 
drainage area outside the Wingate Creek subwa
tershed. This chapter is divided into 57 sections, 
one for each hydrologic unit to be studied.' Each 
section includes, as applicable: 1) an evaluation 
of the storm water management system serving 
the hydrologic unit, 2) a description and evalua
tion of alternative stormwater management 
plans to serve the hydrologic unit through the 
design year 2010, and 3) a recommended storm
water management system plan for the hydro
logic unit. 

The general stormwater drainage alternatives 
which were considered for hydrologic units in 
the Milwaukee River study area are: 1) storm 
sewer conveyance, 2) storm sewer conveyance 
with centralized detention, 3) storm sewer and 
open channel conveyance, 4) storm sewer and 
open channel conveyance with centralized deten- . 
tion, 5) storm sewer conveyance with decentral
ized detention, 6) open channel conveyance, and 
7) open channel conveyance with centralized 
detention. Consistent with City development 
policies and standards, roadside swale and open 
channel drainage facilities were generally util
ized only in areas of industrial parks and low
density residential development or in areas 
where drainage is provided by an existing 
stream system which can be utilized to provide 
conveyance and storage of stormwater runoff. 

INTEGRATION OF STORMWATER 
DRAINAGE AND WATER QUALITY 
MANAGEMENT PLAN ELEMENTS 

The recommended water quality management 
plan element for control of nonpoint source 
pollution in the entire Milwaukee River study 
area is described separately in Chapter IV of 

1 A hydrologic unit is a grouping of subbasins 
directly tributary to the Milwaukee River. 

this volume. That chapter sets forth the compo
nents and costs of the recommended water 
quality management plan and evaluates the 
recommended plan on the basis of how well it 
meets the objectives and supporting standards 
presented in Volume One of this report. The 
water quality management facilities and mea
sures recommended for each hydrologic unit 
were initially quantitatively analyzed for both 
the Wingate Creek study area and the Milwau
kee River study area to meet the pollution 
reduction goals set 'forth in Chapter IV of this 
volume. These facilities and measures were then 
integrated with the recommended storm water 
drainage plan element as described in this 
chapter for the Milwaukee River watershed 
study area and in Chapter II for the Wingate 
Creek study area. 

Certain components of the water quality man
agement plan element, such as wet detention 
basins, are directly interrelated with conveyance 
and detention facilities considered for storm
water drainage purposes. Other water quality 
components such as street sweeping and infiltra
tion of runoff from frequent storms may be 
expected to have a minimal impact on the size 
and location of stormwater drainage facilities. 
The detention basins which were recommended 
in Chapter IV of this volume for the control of 
nonpoint source pollution were evaluated to 
assess their function as dual-purpose facilities in 
the management of nonpoint sources of pollution 
as well as in the management of the quantity of 
stormwater runoff. Those basins were incorpo
rated as dual-purpose facilities in the recom
mended plan where such incorporation was 
found to be applicable and cost effective when 
compared to other alternatives. The recom
mended storm water management plan as pre
sented on Map 14 includes both the drainage 
facilities described in this chapter and the water 
quality management facilities described in 
Chapter IV of this volume. 

STORMWATER DRAINAGE SYSTEM COSTS 

The recommended plan costs presented in the 
following sections of this chapter are based upon 
planned development of each hydrologic unit. 
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The costs do not include minimum-diameter 
collector sewers, roadside swale collectors, and 
road culverts that may be required to drain 
collector and land access roadways in areas of 
future development. The cost of minimum-size 
collectors would be approximately $7,000 per 
acre of area served. 

The base unit cost data used to develop the cost 
estimates for the alternative and recommended 
plans are presented in Chapter IV and in 
Appendix A of Volume One of this report. 

EVALUATION OF ALTERNATIVE 
STORMWATER MANAGEMENT PLANS 
AND SELECTION OF THE RECOMMENDED. 
PLAN FOR EACH HYDROLOGIC UNIT 

The following sections of this report describe the 
components of the alternative and recommended 
plans for each hydrologic unit. Table 8 sets forth 
a comparison of the total capital, annual opera
tion and maintenance, and present value costs 
of the alternative plans developed for each 
hydrologic unit. Because the individual hydro
logic units are generally hydrologically and 
hydraulically independent of each other, the 
analysis of alternatives and selection of a 
recommended plan can be made separately for 
each unit. When more than one alternative was 
developed for a hydrologic unit, separate 
detailed component and cost tables are presented 
for each alternative. When only one plan was 
developed for a hydrologic unit, the detailed 
components and costs of that plan are presented 
in recommended plan summary Table 9, which 
is an aggregation of the individual recommenda
tions for each unit. 

Hydrologic Unit MR-A 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-A is a 0.22-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, about 
13 percent of the hydrologic unit is developed in 
urban land uses, primarily freeway, industrial, 
and low-density residential uses. Under planned 
land use conditions, the hydrologic unit would be 
about 67 percent developed for urban use, pre
dominantly industrial. The remaining 33 percent 
would be devoted to agricultural uses. The 
existing storm water management system con
sists of roadside swales and culverts. There are 
no identified intermittent or perennial streams 
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within the hydrologic unit. Runoff from the unit 
discharges through a culvert under USH 45 to a 
wetland in the floodplain of the Milwaukee 
River. Owing to the relatively low development 
density of the hydrologic unit under existing 
conditions, there are no known existing, signifi
cant stormwater drainage problems in the unit. 

Alternative Stormwater Drainage Plans: Because 
pl~nned development in the hydrologic unit is 
anticipated to be primarily industrial, storm 
sewer drainage facilities would be provided as 
urban development proceeds' in the unit. The 
recommended water quality management plan 
presented in Chapter IV of this volume calls for 
the provision of wet detention basin WD9 near 
the outlet of the hydrologic unit, but outside any 
mapped wetlands. Thus, on the basis of planned 
industrial development and the recommendation 
for the provision of wet detention, the only 
stormwater management option which was 
considered was storm sewer conveyance with 
centralized detention. 

Recommended Storm water Management Plan: 
The recommended plan calls for the provision of 
2,830 lineal feet of new storm sewers to serve 
planned development. The reinforced concrete 
pipe sewers range in diameter from 18 to 42 
inches. It would be necessary for detention basin 
WD9 to have a permanent pond elevation of 
about 927 feet National Geodetic Vertical 
Datum, 1929 adjustment, (NGVD) if runoff from 
the freeway is to be collected as proposed. 

. Construction of the permanent pond at that 
elevation would create usable storage volume 
above the pond elevation which would be effec
tive in reducing peak flood flows. 

The provision of adequate storm sewers to serve 
the planned industrial development along 
Friendly Drive would involve considerable 
filling along the west side of Friendly Drive, 
where the existing grade is below the road grade. 
Some of that fill might be obtained from 
the excavation for proposed wet detention 
basin WD9. 

In the extreme northern part of the hydrologic 
unit, it would be necessary to ensure that an 
overland flow path is preserved from Friendly 
Drive to the ditch along USH 45 to enable runoff 
from the west side of the Drive in excess of the 
proposed storm sewer capacity to be conveyed to 
the ditch without flooding any new development. 



Table 8 

COSTS OF THE ALTERNATIVE STORMWATER MANAGEMENT PLANS FOR THE 
MILWAUKEE RIVER DRAINAGE AREA WITHIN THE CITY OF WEST BEND STUDY AREA 

Alternative No.2 Alternative No.3 Alternative No.4 
Alternative No.1 Storm Sewer Conveyance Storm Sewer and Open Storm Sewer and Open Channel 

Storm Sewer Conveyance with Centralized Detention Channel Conveyance Conveyance with Centralized Detention 

Annual Annual Annual Annual 
Hydrologic Operation Operation 0l?eration Operation 

Unit and Present and Present and Present and Present 

Designation Capital 8 Maintenance Valusb Capital8 Maintenance Valueb CapitalS Maintenance Valusb Capital8 Maintenance Valueb 

A 270,000 980 285,000 

B 183,000 650 194,000 138,000 1,810 167,000 

C 67,000 560 76,000 

0 --
926,000 6,090 1,022,000 

609,000 -50 608,000 696,000 1,890 726,000 

G 426,000 -60 425,000 

H 705,000 5,610 793,000 

74,000 730 86,000 

800,000 -210 797,000 

K 5,566,000 -930 5,551,000 3,639,000 4,740 3,715,400 

5,000,000 320 5,005,000 4,937,000 2,420 4,975,000 

M 1,250,000 -70 1,249,000 1,081,000 1,930 1,111,000 

NC 2,416,OOOd 9,580 2,567,000 2,445,Oood 21,470 2,783,000 

o· 470,000 770 482,000 191,000 1,770 219,000 

P 203,000 0 203,000 155,000 600 164,000 

Q 456,000 1,400 478,000 

R 690,000 2,140 724,000 

S 360,000 -240 356,000 

T 757,000 3,010 804,000 771,000 3,260 822,000 

Z 

AB 62,000 0 62,000 

AE 214,000 100 216,000 264,000 1,160 282,000 

AF 261.000 200 264,000 

AG-AH 176,000 -60 175,000 

AI 211,000 0 211,000 

AJ 149,000 0 149,000 

AK 53,000 0 53,000 

AL 237,000 0 237,000 

AM 327,000 -30 326,500 350,000 1,440 373,000 

AP 112,000 0 112,000 

AQ 212,000 150 214,000 

AS 365,000 -120 363,500 40,000 350 46,000 

AU 489,000 -40 488,000 533,000 1,900 563,000 

AY 386,000 1,860 415,000 405,000 3,780 464,000 

AZ 

BC 319,000 1,010 335,000 

BE 777,000 3,010 824,000 

Total $17,787,000 $1,830 $17,815,000 $13,852,000 $29,810 $14,320,000 $4,972,000 $17,550 $5,249,000 $4,612,000 $35,690 $5,175,000 
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Hydrologic 
Unit 

Designation 

A 

B 

C 

o 

G 

H 

K 

L 

M 

N 

o 
P 

o 
R 

S 

T 

Z 

AB 

AE 

AF 

AG-AH 

AI 

AJ 

AK 

AL 

AM 

AP 

AO 

AS 

AU 

AY 

AZ 

BC 

BE 

Total 

636,000 

33,000 

352,000 

'1,021,000 

Alternative No. 5 
Storm Sewer Conveyance 

with Decentralized Detention 

Annual 
Operation and 
Maintenance 

7,430 

180 

2,480 

'10,090 

Present 
Valuab 

753,000 

36,000 

391,000 

'1,180,000 

Table 8 (continued) 

Capital a 

$3,000 

'3,000 

Alternative No. 6 
Open Channel Conveyance 

Annual 
Operetion end 
Maintenance 

'100 

'100 

Present 
Valu.b 

$4,500 

'4,500 

Capital a 

$148,000 

'148,000 

Slncludes 35 percent for engineering. iJdministrstion, and contingencies. Costs Bte for year 1991 with Enaineering News·Record Construction Cost Index - 5,015. 

b Present vBIue computetions assume B 5O-yesr life end 6 percent BflnuB' interest. 

Alternative No. 7 
Open Channel Conveyance 
with Centralized Detention 

Annual 
Operation end 
Maintenance 

$2,800 

$2,800 

Present 
Valueb 

'192,000 

'192,000 

c Altemadve No.8, Storm Sewer end ()pen Channel ConveYBflce with Storm Sewers in River Road Bfld Centrslizad Detention for Wllter Quality Control, was also developed for this hydrologic unit. Altemative No. 8 
has capital, annual operadon and maintenBflC8, and present value costs of $2,555,000; 69,530; and $2,705,000. respecdvely. 

dtnclvdes 6644,000 for the water quality control portion of proposed wet detention basin W03. 

e Altemadve No.9, Storm Sewer and Open Channel COnV'IYBflC8 with Cantrslizad Detandon and Storm Sewers in River Road, was also developed for this hydrologic unit. Altemadve No. 9 has capital, annual operation 
and maintenance, end present value costs of $161,000; $1,770; end 6189,000, respectively. 

Source: SEWRPC. 
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Table 9 

COMPONENTS AND COSTS OF THE RECOMMENDED STORMWATER DRAINAGE PLAN FOR THE MILWAUKEE 
RIVER DRAINAGE AREA OUTSIDE THE WINGATE CREEK SUBWATERSHED IN THE CITY OF WEST BEND 

Hydrologic 
Unit 

A 

Project and Component Descriptiona 

1. Install 435 feet of 18-inch storm sewer 
2. Install 750 feet of 21-inch storm sewer 
3. Install 335 feet of 24-inch storm sewer 
4. Install 370 feet of 27-inch storm sewer 
5. Install 225 feet of 30-inch storm sewer 
6. Install 350 feet of 36-inch storm sewer 
7. Install 365 feet of 42-inch storm sewer 

Subtotal 

8 1. Install 810 feet of new 1 5-inch-diameter 
storm sewer ............................ . 

2. Install 21 0 feet of new 1 8-inch-diameter 
storm sewer ..................... ....... . 

3. Install 11 0 feet of new 21 -inch-diameter 
storm sewer .......................... .. . 

4. Install 455 feet of new 30-inch-diameter 
storm sewer ............................ . 

5. Construct 50-foot-long open channel ........... . 
6. Construct detention basin 8-1 with a 

storage volume of 0.5 acre-foot ............... . 
7. 65 feet of 30-inch storm sewer for basin 8-1 inlet .. . 
8. 50 feet of 15-inch-diameter storm sewer 

for basin 8-1 outlet ................. ...... . 

Subtotal 

C 1. Install 770 feet of new 12-inch-diameter 

D 

E 

storm sewer ....................... ..... . 
2. Install 1 00 feet of new 1 5-inch-diameter 

storm sewer ..................... ....... . 
3. Install 140 feet of new 23-inch-wide by 

14-inch-high HE storm sewer ................. . 
4. Replace 3.4-foot-wide by 2.4-foot-high CMPA under 

Newark Road with a 60-foot-long, 30-inch-diameter 
reinforced concrete culvert .................. . 

5. Construct 240-foot-long, 2-foot-deep, riprap-lined 
drainage swale .......................... . 

6. Construct 70-foot-long, 3-foot-deep open channel .. . 

Subtotal 

1. Detention basin WD10 with a 100-year storm live 
storage volume of 4.9 acre-feet. Water quantity 
control cost ............................ . 

Subtotal 

1. Install 250 feet of new 12-inch storm sewer ...... . 
2. Install 290 feet of new 15-inch storm sewer ...... . 
3. Install 355 feet of new 18-inch storm sewer ...... . 
4. Install 130 feet of new 21-inch storm sewer ...... . 
5. Install 490 feet of new 24-inch storm sewer . . . . . . . 
6. Install 65 feet of new 27-inch storm sewer ....... . 
7. Install 695 feet of new 42-inch storm sewer ...... . 
8. Install 380 feet of new 45-inch-wide by 

29-inch-high HE storm sewer ................. . 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

Estimated Cost 

Capitalb 

27,000 
53,000 
28,000 
34,000 
24,000 
46,000 
58,000 

270,000 

42,000 

13,000 

8,000 

48,000 
1,000 

16,000 
7,000 

3,000 

138,000 

34,000 

5,000 

9,000 

9,000 

9,000 
1,000 

67,000 

148,000 

148,000 

11,000 
16,000 
22,000 

9,000 
41,000 

6,000 
110,000 

57,000 

Annual Operation 
and Maintenancec 

$ 

$ 

170 
300 
130 
150 

90 
70 
70 

980 

$ 330 

80 

40 

180 
30 

1,100 
30 

20 

$ 1,810 

$ 310 

40 

60 

20 

100 
30 

$ 560 

$ 2,800 

$ 2,800 

$ 90 
110 
130 

50 
180 

30 
130 

70 
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Hydrologic 
Unit 

Table 9 (continued) 

Project and Component Descriptiona 

E 9. Install 1,065 feet of new 51-inch-wide by 
(continued) 31-inch-high RCPA storm sewer ............... . 

38 

10. Replace 75 feet of 18-inch storm sewer in Roosevelt 
Drive North with 27-inch storm sewer .......... . 

11. Replace 287 feet of 18-inch storm sewer between 
Roosevelt Drive North and Sunset Ridge Drive with 
27-inch storm sewer ...................... . 

12. Replace 87 feet of 36-inch-wide by 26-inch-high 
CMPA storm sewer in Sunset Ridge Drive with 
51-inch-wide by 36-inch-high RCPA ............ . 

13. Replace 56 feet of 58-inch-wide by 36-inch-high 
CMPA storm sewer in 18th Avenue with 53-inch-wide 
by 34-inch-high HE storm sewer .............. . 

14. Replace 250 feet of 27-inch storm sewer in 18th 
Avenue with 58-inch-wide by 36-inch-high RCPA 
storm sewer .. . . . . . . . . . . . . . . . . . . . . . . ..... 

1 5. Replace 143 feet of 58-inch-wide by 36-inch-high 
CMPA storm sewer in drainage easement west of 
18th A venue with dual 68-inch-wide by 43-inch-high 
HE storm sewer .......................... . 

16. Replace 140 feet of 12-inch storm sewer in 
Primrose Lane with 1 8-inch storm sewer . . . . ..... . 

1 7. Replace 1 30 feet of 18-inch storm sewer in 
Larkspur Lane with 21-inch storm sewer . . . . . . . . . . 

1 8. Construct two-acre dry detention basin east 
of Wildwood Road (CTH B) .................. . 

19. Construct 315-foot-long open channel west of 
Main Street . . . . , . . . . . . . . , . . . . . . . . . . ... .' •. 

20. Install three 100-foot-long, 48-inch RCP culverts 
under extension of 18th Avenue at crossing of 
unnamed Tributary No.3 .......... , ........ . 

Subtotal 

F 1. Replace 673 feet of 21-inch storm sewer in Skyline 
Drive between Barton Avenue and Barbie Drive with 
38-inch by 24-inch HE storm sewer ............ . 

2. Replace 24 feet of 12-inch storm sewer in easement 
east of Acorn Road and west of Skyline Drive with 
21-inch storm sewer ................. ..... . 

3. Replace 380 feet of 12-inch CMP storm sewer in 
easement east of Acorn Road and west of Skyline 
Drive with 21-inch storm sewer . . . . . . . . . . . . .... 

4. Replace 29 feet of 21-inch storm sewer in Acorn 
Road, between Parkfield Drive and Briar Road with 
38-inch by 24-inch HE storm sewer ............ . 

5. Replace 329 feet of 18-inch storm sewer in Acorn 
Road, between Parkfield Drive and Briar Road with 
38-inch by 24-inch HE storm sewer ............ . 

6. Replace 308 feet of 15-inch storm sewer in 
Briar Drive, north of Acorn Road with 30-inch 
by 19-inch HE storm sewer .................. . 

$ 

$ 

$ 

Estimated Cost 

Capitalb 

198,000 

10,000 

37,000 

23,000 

15,000 

78,000 

104,000 

12,000 

13,000 

97,000 

8,000 

59,000 

926,000 

114,000 

2,000 

36,000 

5,000 

56,000 

38,000 

Annual Operation 
and Maintenancec 

$ 200 

o 

o 

o 

o 

o 

o 

o 

o 

5,000 

100 

o 
$ 6,090 

$ o 

o 

o 

o 

o 

o 



Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

F 7. Replace 330 feet of 1 8-inch storm sewer in 
(continued) Acorn Road west of Parkfield Drive with 

24-inch storm sewer · ...................... $ 37,000 $ 0 
8. Replace 390 feet of 30-inch storm sewer 

in easement between Jackson Street and 
Hi-Mount Road with 42-inch storm sewer · ........ 87,000 -70 

9. Replace 58 feet of 30-inch storm sewer in 
Stratford Road between Jackson Street and 
Hi-Mount Road with 42-inch storm sewer · ........ 13,000 -10 

10. 170 feet of 21-inch storm sewer in easement north 
of Jackson Street and west of Salisbury Road ...... 12,000 70 

11 . Replace 231 feet of 36-inch by 22-inch CMPA in 
easement between Northwestern Avenue and 
Stratford Road with 42-inch storm sewer · ........ 52,000 -40 

12. Replace 1 53 feet of 50-inch by 31-inch CMPA 
easement between Northwestern Avenue and 
Stratford Road north of Hi-Mount Road with 
42-inch storm sewer · ...................... 34,000 0 

13. Replace 123 feet of 36-inch storm sewer in 
easement west of Northwestern Avenue into 
the Milwaukee River north of Hi-Mount Road 
with 48-inch storm sewer . . . . . . . . . . . . . . . . . . . . 31,000 0 

14. Replace 168 feet of 50-inch by 31-inch CMPA in 
easement west of Northwestern Avenue and into 
the Milwaukee River north of Hi-Mount Road with 
42-inch storm sewer · ...................... 43,000 0 

15. Replace 130 feet of 24-inch storm sewer in 
Northwestern Avenue and west of Northwestern 
with 1 8-inch storm sewer . . . . . . . . . . . . . . . . . . . . 11,000 0 

16. Replace 60 feet of 24-inch storm sewer in 
Northwestern Avenue and west of Northwestern 
with 18-inch storm sewer .................... 5,000 0 

17. Replace 1 96 feet of 1 5-inch storm sewer at the 
intersection of Hi-Mount Road and Stratford Road 
and in Northwestern Avenue north of Hi-Mount 
Road with l8-inch storm sewer ................ 16,000 0 

18. Replace 210 feet of 1 5-inch storm sewer at the 
intersection of Hi-Mount Road and Stratford Road 
and in Northwestern Avenue north of Hi-Mount 
Road with 1 8-inch storm sewer ................ 17,000 0 

Subtotal $ 609,000 $ -50 

G 1. Replace 208 feet of 24-inch storm sewer in Sunset 
Ridge Road between Adams Street and Roosevelt 
Drive with 45-inch by 29-inch HE storm sewer ..... $ 43,000 $ -40 

2. Replace 11 6 feet of 24-inch storm sewer in Sunset 
Ridge Road between Adams Street and Roosevelt 
Drive with 36-inch storm sewer ................ 22,000 -20 

3. Replace 21 feet of 36-inch CMP storm sewer in 
Sunset Ridge Road between Adams Street and 
Roosevelt Drive with 36-inch storm sewer ......... 4,000 0 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

G 4. Replace 1 31 feet of 1 5-inch storm sewer in Jefferson 
(continued) Street just west of Sunset Ridge Road with 24-inch 

storm sewer ............ ' ................. $ 15,000 $ 0 
5. Replace 306 feet of 1 5-inch storm sewer in Sunset 

Ridge Road between Roosevelt Drive and Jefferson 
Street with 24-inch storm sewer · .............. 34,000 0 

6. Replace 1 56 feet of 1 8-inch storm sewer in Roosevelt 
Drive, west of Sunset Ridge Road with 38-inch by 
24-inch HE storm sewer ..................... 26,000 0 

7. Replace 364 feet of 18-inch storm sewer in Roosevelt 
Drive between Sunset Ridge Road and Main Street 
with 38-inch by 24-inch HE storm sewer •......... 61,000 0 

8. Replace 1 5 feet of 1 8-inchstorm sewer in Roosevelt 
Drive between Sunset Ridge Road and Main Street 
with 38-inch by 24-inch HE storm sewer . . . . . . . . . . 3,000 0 

9. Replace 86 feet of 18-inch storm sewer in Main 
Street north of Roosevelt Drive with 38-inch by 
24-inch HE storm sewer ..................... 15,000 0 

10. Replace 43 feet of 24-inch CMP storm sewer in 
Main Street north of Roosevelt Drive with 38~inch 
by 24-inch HE storm sewer ................... 7,000 0 

11 . Replace 200 feet of 24-inch CMP storm sewer in 
easement between Main Street and Fairview Drive 
with 38-inch by 24-inch HE storm sewer .......... 34,000 0 

12. Replace 224 feet of 24-inch CMP storm sewer in 
School Place between Fairview Drive and River Drive 
with 38-inch by 24-inch HE storm sewer .......... 38,000 0 

13. Replace 294 feet of 24-inch CMP storm sewer in 
School Place between Fairview Drive and River Drive 
with 38-inch by 24-inch HE storm sewer .......... 50,000 0 

14. Replace 380 feet of 30-inch CMP storm 
sewer in River Drive north of School Place 
with 38-inch by 24-inch HE storm sewer .......... 64,000 0 

15. Replace 62 feet of 30-inch CMP storm 
sewer in River Drive north of School Place 
with 38-inch by 24-inch HE storm sewer .......... 10,000 0 

Subtotal $ 426,000 $ -60 

H 1. 660 feet of 12-inch storm sewer · .............. $ 29,000 $ 260 
2. 250 feet of 15-inch storm sewer · .............. 16,000 100 
3. 330 feet of 21-inch storm sewer · .............. 58,000 240 
4. 1,835 feet of 24-inch storm sewer .............. 206,000 730 
5. Detention basin WD25 with a 100-year storm live 

storage volume of 3.2 acre-feet. Water quantity 
control costd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102,000 1,700 

6. Detention basin WD26 with a 100-year 
storm live storage volume of 0.5 acre-feet. 
Water quantity control costd .................. 26,000 300 

Subtotal $ 437,000 $ 3,330 

I 1. 260 feet of 24-inch storm sewer · .............. $ 34,000 $ 150 
2. 370 feet of 27-inch storm sewer · .............. 21,000 100 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

I 3. 1,100 feet of 2.5-foot average depth roadside 
(continued) swale along Brown Lane ..................... $ 13,000 $ 440 

4. Two 50-foot-long, 18-inch-diameter culverts 
under Brown Lane ......................... 6,000 40 

Subtotal $ 74,000 $ 730 

J 1. Replace 225 feet of 18-inch clay storm sewer 
in Summit Drive south of Chestnut Street with 
30-inch storm sewer · ...................... $ 34,000 $ 0 

2. Replace 410 feet 18-inch clay storm sewer 
in Chestnut Street west of Summit Drive with 
21 -inch storm sewer · ...................... 39,000 0 

3. Replace 195 feet of 18-inch clay storm sewer 
in Chestnut Street east of 10th Avenue with 
30-inch storm sewer · ...................... 29,000 0 

4. Replace 46 feet of 18-inch clay storm sewer at 
intersection of Chestnut Street and 10th Avenue 
with 30-inch storm sewer .................... 7,000 0 

5. Replace 364 feet of 1 8-inch clay storm sewer in 
10th Avenue between Chestnut Street and Poplar 
Street with 42-inch storm sewer ............... 82,000 -70 

6. Replace 263 feet of 12-inch clay storm sewer 
in 11th Avenue, north of Poplar Street with 
24-inch storm sewer · ...................... 29,000 0 

7. Replace 57 feet of 12-inch clay storm sewer 
in intersection of 11 th Avenue and Poplar Street 
with 24-inch storm sewer .................... 6,000 0 

8. Replace 364 feet of 1 2-inch clay storm sewer 
in Poplar Street east of 11 th Avenue with 
1 8-inch storm sewer · ...................... 30,000 0 

9. Replace 297 feet of 12-inch clay storm sewer 
in Poplar Street west of 10th Avenue with 
21-inch storm sewer · ...................... 28,000 0 

10. Replace 1 7 feet of 24-inch storm sewer in 
Poplar Street west of 10th Avenue with 
48-inch storm sewer · ...................... 4,000 0 

11 . Replace 308 feet of 30-inch storm sewer in 
Poplar Street between 9th Avenue and 
10th Avenue with 48-inch storm sewer .......... 79,000 -60 

12. Replace 309 feet of 1 5-inch storm sewer in 
Poplar Street between 8th Avenue and 
9th Avenue with 36-inch storm sewer ........... 60,000 60 

13. Replace 333 feet of 1 5-inch clay storm sewer 
in Poplar Street between 7th Avenue and 
8th Avenue with 36-inch storm sewer ........... 64,000 60 

14. Replace 32 feet of 30-inch storm sewer in 
intersection of 7th Avenue and Poplar Street 
with 42-inch storm sewer .................... 7,000 -10 

15. Replace 1 31 feet of 30-inch storm sewer 
in Poplar Street east of 7th Avenue with 
48-inch storm sewer · ...................... 33,000 -20 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

J 16. Replace 36 feet of 30-inch storm sewer in 
(continued) intersection of Poplar Street and alley between 6th 

Avenue and 7th Avenue with 48-inch storm sewer ... $ 9,000 $ -10 
17. Replace 159 feet of 30-inch storm sewer in alley 

between 6th Avenue and 7th Avenue north of 
Poplar Street with 54-inch storm sewer ............. 55,000 -30 

18. Replace 108 feet of 30-inch storm sewer in 
alley between 6th Avenue and 7th Avenue 
and Poplar Street and Walnut Street 
with 54-inch storm sewer . . . . . . . . . . . . . . . ..... 37,000 -20 

19. Replace 320 feet of 30-inch storm sewer in 
Walnut Street and alley between 6th Avenue 
and 7th A venue with 54-inch storm sewer ........ 110,000 -60 

20. Replace 1 7 feet of 30-inch storm sewer in 
intersection of 6th Avenue and Walnut Street 
with 66-inch storm sewer .................... 8,000 0 

21. Replace 36 feet of 30-inch storm sewer in 
intersection of Walnut Street and 6th Avenue 
with 36-inch storm sewer .................... 7,000 -10 

22. Replace 139 feet of 30-inch storm sewer in 
Walnut Street between 6th Avenue and alley 
east of 6th Avenue with 36-inch storm sewer ...... 27,000 -30 

23. Replace 61 feet of 42-inch storm sewer outfall from 
intersection of Walnut Street and Main Street to 
Milwaukee River with 48-inch storm sewer ........ 16,000 -10 

Subtotal $ 800,000 $ -210 

K 1. Replace 92 feet of 58-inch by 36-inch CMPA storm 
sewer at intersection of Hawthorn Drive and 5th 
Avenue with 53-inch by 34-inch HE storm sewer .... $ 24,000 $ 0 

2. Basin K-3 inlet, 90 feet ...................... 17,000 20 
3. Basin K-3 outlet, 100 feet .................... 11,000 40 
4. Replace 326 feet of 58-inch by 36-inch CMPA 

in 5th Avenue south of Decorah Road with 
48-inch storm sewer ........................ 83,000 0 

5. Replace 649 feet of 1 O-inch storm sewer along 
easement in 5th A venue extended south of 
Hawthorn Drive with 21-inch storm sewer ......... 62,000 0 

6. Replace 281 feet of 1 5-inch storm sewer in 
Orchard Street between 6th Avenue and 
7th Avenue with 18-inch storm sewer ........... 23,000 0 

7. Replace 299 feet of 18-inch storm sewer in 
6th Avenue between Orchard Street and Spring 
Drive with 38-inch by 24-inch HE storm sewer ..... 50,000 0 

8. Replace 710 feet of 30-inch CMP storm sewer 
in 6th A venue between Orchard Street and 
Decorah Road with 36-inch storm sewer .......... 137,000 -130 

9. Replace 305 feet of 30-inch CMP storm sewer 
in Decorah Road between 5th and 6th Avenues 
with 27-inch storm sewer .................... 39,000 0 

10. Replace 353 feet of 12-inch clay storm sewer 
in Decorah Road between 5th and 6th Avenues 
with 1 5-inch storm sewer . . . . . . . . . . . . . . . . . . . . 23,000 0 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

K 11 . Install 90 feet of 1 8-inch storm sewer in the 
(continued) future extension of Highland View Drive .......... $ 6,000 $ 40 

12. Replace 287 feet of 1 5-inch storm sewer in 
Highland View Drive with 18-inch storm sewer ..... 24,000 0 

13. Replace 514 feet of 1 8-inch storm sewer in 
Highland View Drive with 53-inch by 34-inch 
HE storm sewer ata slope of 0.28 percent · ....... 134,000 0 

14. Replace 475 feet of 15-inch storm sewer in 
Bobolink Lane between Highland View Drive and 
Silverbrook Drive with 27-inch storm sewer ........ 61,000 0 

15. Replace 236 feet of 15-inch storm sewer in 
Bobolink Lane between Highland View Drive and 
Silverbrook Drive with 30-inch storm sewer . . . . . . . . 35,000 0 

16. Replace 159 feet of 18-inch storm sewer in 
Highland View Drive east of Bobolink Lane 
with 318 feet of double 53-inch by 34-inch 
HE storm sewer at a slope of 0.28 percent · ....... 83,000 0 

17. Basin K-2 inlet, 144 feet of double 53-inch by 34-inch 
HE storm sewer at a slope of 0.28 percent · ....... 38,000 0 

18. Basin K-2 outlet, 70 feet of 1 5-inch storm sewer . ... 5,000 -100 
19. Replace 51 3 feet of 1 5-inch CMP storm sewer 

along easement between Decorah Road and 
Evergreen Street with 30-inch storm sewer · ....... 77,000 0 

20. Replace 234 feet of 1 5-inch and 18-inch 
storm sewer in Evergreen Street east of 
Silverbrook Drive with 30-inch storm sewer ........ 39,000 0 

21. Replace 203 feet of 18-inch storm sewer in 
Evergreen Street east of Highland View Drive 
with 42-inch storm sewer .................... 45,000 -40 

22. Replace 559 feet of 36-inch storm sewer in 
Highland View Drive south of Pine Drive 
with 42-inch storm sewer .................... 125,000 0 

23. Replace 232 feet of 36-inch storm sewer 
in Pine Drive at Highland View Drive 
with 48-inch storm sewer .................... 59,000 0 

24. Replace 596 feet of 27-inch storm sewer in 
Pine Drive between Highland View Drive and 
8th Avenue with 48-inch storm sewer ........... 152,000 -110 

25. Replace 884 feet of 30-inch storm sewer in 
Pine Drive west of 6th Avenue to 8th Avenue 
with 42-inch storm sewer .................... 198,000 -170 

26. Replace 134 feet of 36-inch storm sewer in 
6th A venue north of Pine Drive angled 
northeast with 48-inch storm sewer . . . . . . . . . . . . . 34,000 0 

27. Replace 200 feet of 52-inch by 36-inch CMP 
storm sewer between 5th and 6th Avenues 
south of Oak Street with 54-inch storm sewer ...... 69,000 -40 

28. Replace 1,754 feet 60-inch by 36-inch CMPA storm 
sewer in 5th Avenue between Oak Street and Decorah 
Road with 53-inch by 34-inch HE storm sewer ...... 457,000 0 

29. Replace 466 feet of 40-inch storm sewer 
just east of 5th Avenue between Maple and 
Oak Street with 42-inch storm sewer ............ 104,000 0 
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Hydrologic 
Unit 

Table 9 (continued) 

Project and Component Descriptiona 

K 30. Replace 423 feet of 30-inch storm sewer in 
(continued) 5th Avenue between Maple Street and Oak 
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Street with 53-inch by 34-inch HE storm sewer ..... 
31. Replace 11 0 feet of 30-inch storm sewer in 

Maple Street west of 5th Avenue with 53-inch 
by 34-inch HE storm sewer .................. . 

32. Replace 468 feet of 15-inch and 18-inch clay storm 
sewer in Maple Street and 5th Avenue east of 
5th Avenue with 27-inch storm sewer .......... . 

33. Replace 368 feet of 82-inch by 63-inch SPPA storm 
sewer in alley and easement between 5th Avenue 
and Main Street north of Maple Street with 83-inch 
by 53-inch HE storm sewer .................. . 

34. Replace 276 feet of 24-inch storm sewer 
in Main Street north of Maple Street with 
30-inch storm sewer ...................... . 

35. Replace 486 feet of cut stone pipe that is 5.5 feet 
high, 5.0 feet wide at the base, and 3.5 feet wide 
at the top (top is an arch with a radius of 2.5 feet) 
in Main Street between Chestnut Street and Maple 
Street with 72-inch storm sewer .............. . 

36. Replace 103 feet of 75-inch by 61.5-inch concrete 
box at outfall from Kilbourn Street to Milwaukee 
River with 98-inch by 63-inch HE storm sewer ..... . 

37. Replace 539 feet of 1 5-inch storm sewer in 
3rd Avenue between Oak Street and Locust 
Street with 24-inch storm sewer ............. •. 

38. Replace 234 feet of 21-inch storm sewer in 
intersection of Kilbourn Street and 3rd Avenue 
and in 3rd Avenue south of Kilbourn Street with 
30-inch storm sewer ...................... . 

39. Replace 132 feet of 24-inch storm sewer in 
intersection of Kilbourn Street and 3rd Avenue 
and in 3rd Avenue south of Kilbourn Street with 
45-inch by 29-inch HE storm sewer ............ . 

40. Replace 1,292 feet of 12-inch clay storm sewer in 
2nd Avenue from Oak Street to Kilbourn Street and 
in Kilbourn Street to 3rd Avenue with 38-inch by 
24-inch HE storm sewer .................... . 

41. Replace 75 feet of 24-inch storm sewer just east of 
intersection of Chestnut Street and Kilbourn Street 
with 45-inch by 29-inch HE storm sewer ......... . 

42. Replace 21 2 feet of 1 2-inch storm sewer in 
Chestnut Street between Main Street and 
Kilbourn Street with 1 8-inch storm sewer ........ . 

43. Replace 348 feet of 12-inch storm sewer in 
Kilbourn Street north of Chestnut Street 
with 1 8-inch storm sewer . . . . . . . . . . . . . . . . . . . . 

Storm Sewer Subtotal 

44. 3.3 acre-foot detention basin located in Decorah Hills 
Park between Decorah Road and Highland View Drive 
extended, T11 N, R19E, northeast quarter, Section 23 
(basin K-2) ............................. . 

Estimated Cost 

Capitalb 

$ 110,000 

29,000 

60,000 

171,000 

41,000 

255,000 

63,000 

60,000 

35,000 

27,000 

218,000 

16,000 

17,000 

29,000 

$ 3,345,000 

$ 112,000 

Annual Operation 
and Maintenancec 

$ -80 

-20 

o 

o 

o 

-90 

o 

o 

o 

-30 

o 

-10 

o 

o 
$ -720 

$ 1,400 



Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

K 45. 3.9 acre-foot detention basin located north of 
(continued) Hawthorn Drive between 5th and 6th Avenues, 

T11 N, R19E, northeast quarter, Section 23 
(basin K-3) .............................. $ 277,000 $ 1,700 

46. 4.2 acre-foot detention basin located on Badger 
School grounds southeast of the intersection of 
6th Avenue and Oak Street, T11 N, R19E, southeast 
quarter, Section 14 (basin WD4) ............... 279,000 1,900 

Subtotal $ 4,013,000 $ 4,280 

L 1. Replace 287 feet of 15-inch storm sewer in Butternut 
Street between Main Street and Eder Lane with 
38-inch by 24-inch HE storm sewer ............. $ 48,000 $ 0 

2. Replace 661 feet of 21-inch storm sewer in 
Main Street north of Butternut Street with 
42-inch storm sewer ....................... 148,000 -130 

3. Replace 226 feet of 42-inch storm sewer in 
Main Street between Butternut Street and Vine 
Street with 76-inch by 48-inch HE storm sewer ..... 98,000 0 

4. Replace 471 feet of 42-inch storm sewer in 
Main Street between Butternut Street and Vine 
Street with 76-inch by 48-inch HE storm sewer ..... 205,000 0 

5. Replace 289 feet of 60-inch by 38-inch storm sewer 
in Vine Street between Main Street and Eder Lane 
with 76-inch by 48-inch HE storm sewer .......... 126,000 0 

6. Replace 278 feet of 60-inch by 38-inch 
storm sewer in Vine Street between Eder Lane 
and Sylvan Way with 556 feet of double 68-inch 
by 43-inch HE storm sewer ................... 202,000 0 

7. Replace 680 feet of 60-inch by 38-inch storm sewer 
in Vine Street between Eder Lane and Sylvan Way 
with 68-inch by 43-inch HE storm sewer .......... 247,000 0 

8. Replace 31 9 feet of 60-inch by 38-inch storm sewer 
in Vine Street between Eder Lane and Sylvan Way 
with 76-inch by 48-inch HE storm sewer .......... 139,000 0 

9. Replace 32 feet of 76-inch by 48-inch storm sewer 
at 0.03 percent slope in Vine Street between Eder 
Lane and Sylvan Way with 76-inch by 48-inch HE 
storm sewer at 0.86 percent slope .............. 14,000 0 

10. Replace 393 feet of 50-inch by 31-inch CMPA 
storm sewer in Green Valley Place between 
Sandra Lane and Sylvan Way with 53-inch by 
34-inch HE storm sewer ..................... 102,000 0 

11 . Replace 377 feet of 50-inch by 31-inch CMPA 
storm sewer in Green Valley Place between 
Sandra Lane and Sylvan Way with 53-inch by 
34-inch HE storm sewer ..................... 98,000 0 

12. Replace 247 feet of 50-inch by 31-inch CMPA 
storm sewer in Sylvan Way between Vine Street 
and Green Valley Place with 60-inch by 38-inch 
HE storm sewer ........................... 78,000 0 

13. Replace 392 feet of 24-inch storm sewer in 
easement on east side of Sylvan Way with 
30-inch storm sewer ....................... 59,000 0 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

L 14. Replace 1,068 feet of 18-inch storm sewer in Eder 
(continued) Lane and Terrace Drive between Vine Street and 

Lincoln Drive East with 36-inch storm sewer ....... $ 206,000 $ -200 
15. Replace 250 feet of 24-inch storm sewer in Terrace 

Drive between Lincoln Drive East and Birchwood 
Drive with 42-inch storm sewer ................ 56,000 -50 

16. Replace 356 feet of 24-inch storm sewer in easement 
south of Birchwood Drive and west of railroad tracks 
with 53-inch by 34-inch HE storm sewer .......... 93,000\ -70 

17. Replace 60 feet of 36-inch by 23-inch RCPA 
in easement south of Birchwood Drive and 
west of railroad tracks with 53-inch by 
34-inch storm sewer ....................... 16,000 -10 

18. Install 1 ,902 feet of 54-inch storm sewer parallel 
to existing 54-inch storm sewer along railway 
right-of-way south of Decorah Road ............. 655,000 360 

19. Replace 56 feet of 1 5-inch and 21-inch storm 
sewer in Main Street between Hawthorn Drive 
and Vine Street with 30-inch storm sewer . . . . . . . . . 8,000 0 

20. Replace 300 feet of 21-inch storm sewer in 
Main Street between Hawthorn Drive and 
Vine Street with 42-inch storm sewer ............ 67,000 -60 

21. Replace 544 feet of 27-inch storm sewer in 
Main Street between Hawthorn Drive and 
Vine Street with 48-inch storm sewer ............ 139,000 -100 

22. Replace 585 feet of 15-inch and 18-inch storm sewer 
in Main Street between Decorah Road and Hawthorn 
Drive with 38-inch by 24-inch HE storm sewer ..... 99,000 0 

23. Replace 152 feet of 44-inch by 27-inch RCPA in 
Hawthorn Drive between Main Street and Lincoln 
Drive West with 48-inch storm sewer . . . . . . . . . . . . 39,000 0 

24. Replace 199 feet of 36-inch storm sewer in 
Hawthorn Drive between Main Street and Lincoln 
Drive West with 48-inch storm sewer . . . . . . . . . . . . 51,000 0 

25. Replace 928 feet of 42-inch storm sewer in 
Hawthorn Drive between Lincoln Drive West and 
Birchwood Drive with 54-inch storm sewer ........ 319,000 0 

26. Replace 273 feet of 42-inch storm sewer in 
Hawthorn Drive between Lincoln Drive West and 
Birchwood Drive with 54-inch storm sewer ........ 94,000 0 

27. Replace 456 feet of 42-inch storm sewer in easement 
east of Birchwood Drive to railroad tracks (south of 
Decorah Road) with 60-inch storm sewer ......... 191,000 0 

28. Install 2,452 feet of 66-inch storm sewer at a slope 
of 0.87 percent parallel to existing 60-inch storm 
sewer in easement east of railroad right-of-way 
located north and south of Decorah Road ......... 1,102,000 470 

29. Install 574 feet of 72-inch storm sewer parallel to 
existing 60-inch storm sewer in easement east of 
railroad right-of-way north of Kilbourn Street ....... 301,000 110 

Subtotal $ 5,000,000 $ 320 
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Table 9 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

M 1 . Replace 181 feet of 1 8-inch storm sewer in 
Indiana Avenue south of Eastern Avenue with 
24-inch storm sewer ....................... $ 20,000 $ 0 

2. Replace 200 feet of 58-inch by 36-inch CMPA storm 
sewer in Redwood Street between Eastern Avenue 
and Madison Avenue with 42-inch storm sewer ..... 45,000 0 

3. Replace 289 feet of 58-inch by 36-inch CMPA storm 
sewer in Eastern Avenue between Pleasant Drive and 
Redwood Street with 42-inch storm sewer ........ 65,000 0 

4. Replace 324 feet of 58-inch by 36-inch CMPA storm 
sewer in easement just west of Pleasant Drive 
between Locust drive and Decorah Road with 
60-inch by 38-inch HE storm sewer · ............ 102,000 0 

5. Replace 217 feet of 58-inch by 36-inch CMPA 
storm sewer in Riverview Drive between Locust 
Drive and Decorah Road with 60-inch by 38-inch 
HE storm sewer ......... " .................• 68,000 0 

6. Replace 276 feet of 58-inch by 36-inch CMPA 
storm sewer in Riverview Drive between Locust 
Drive and Decorah Road with 60-inch by 38-inch 
HE storm sewer ........................... 87,000 0 

7. Replace 358 feet of 30-inch CMP storm sewer in 
Locust Street between Pennsylvania Avenue and 
Riverview Drive with 48-inch storm sewer . . . . ..... 91,000 -70 

8. Replace 260 feet of 72-inch by 44-inch 
CMPA storm sewer in Riverview Drive between 
Riverview Place and Locust Street with 
60-inch by 38-inch HE storm sewer · ............ 82,000 0 

9. Replace 711 feet of 72-inch by 44-inch 
CMPA storm sewer in Riverview Drive between 
Riverview Place and Kilbourn Avenue with 
60-inch by 38-inch HE storm sewer · ............ 224,000 0 

10. Replace 174 feet of 72-inch by 44-inch 
CMPA storm sewer in easement north of the 
intersection of Kilbourn Avenue and Riverview 
Drive with 66-inch storm sewer ................ 78,000 0 

Storm Sewer Subtotal $ 862,000 $ -70 

11. 4.6 acre-foot detention basin located southeast of the 
intersection of Eastern Avenue and Decorah Road, 
T11 N, R19E, northeast quarter, Section 24 
(basin M-1) . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . $ 219,000 $ 2,000 

Subtotal $ 1,081,000 $ 1,930 

Ne 1. Install 485 feet of new 18-inch storm sewer · ...... $ 30,000 $ 190 
2. Install 575 feet of new 24-inch storm sewer · ...... 47,000 230 
3. Install 1,71 5 feet of new" 30-inch storm sewer . . . . . . 180,000 690 
4. Install 1,690 feet of new 42-inch storm sewer ...... 267,000 320 
5. Install 335 feet of new 48-inch storm sewer · ...... 65,000 60 
6. Install 1,310 feet of new 54-inch storm sewer ...... 294,000 250 
7. Install 800 feet of new 60-inch storm sewer · ...... 207,000 150 
8. Install 790 feet of new 48-inch storm sewer · ...... 202,000 150 
9. Install 750 feet of new 83-inch-wide by 

53-inch-high HE storm sewer .................. 263,000 100 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

Ne 10. Replace 280 feet of 72-inch-wide by 48-inch-high 
(continued) CMPA storm sewer in Lang Street with 68-inch-wide 

by 43-inch-high HE storm sewer ............... $ 102,000 $ 0 
11. Construct 1 60-foot-long open channel south 

of Lang Street . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35,000 100 
12. Install 41 5 feet of new 1 5-inch storm sewer · ...... 22,000 170 
13. Install 385 feet of new 24-inch storm sewer · ...... 32,000 150 
14. Install 440 feet of new 27-inch storm sewer · ...... 41,000 180 
15. Install 670 feet of new 36-inch storm sewer · ...... 89,000 130 
16. Install 60 feet of new 68-inch-wide by 

43-inch-high HE storm sewer .................. 15,000 10 
17. Construct 200-foot-long, riprap-lined open channel 

from proposed 48-inch-diameter storm sewer outfall 
to the Milwaukee River ...................... 20,000 100 

Subtotal $ 1,911,000 $ 2,980 
qf 1. Construct 1,200-foot-long open channel in industrial 

".".~. park north of Lang Street $ 75,000 $ 500 .................... 
.---.' 2. Construct 880-foot-long open channel through area 

between Lang and Washington Streets · .......... 23,000 370 
3. Detention basin WD6 with a 100-year live storage 

volume of 3.2 acre-feet ..................... 63,000 900 

Subtotal $ 161,000 $ 1,770 

P 1. Replace 55 feet of 24-inch storm sewer in 
Schoenhaar Drive between Hans Street and Creek 
Drive with 30-inch storm sewer . . . . . . . . . . . . . . . . $ 8,000 $ 0 

2. Replace 302 feet of 42-inch storm sewer in 
Schoenhaar Drive north of Washington Street 
with 68-inch by 43-inch HE storm sewer .......... 110,000 0 

3. Replace 203 feet of 48-inch storm sewer in easement 
south of Washington Street between Schoenhaar 
and Lenora Drives with 60-inch storm sewer · ...... 85,000 0 

Subtotal $ 203,000 $ 0 

Q 1. Replace 647 feet of 21-inch storm sewer 
in Redwood Street between Juniper and 
Imperial Courts with 36-inch storm sewer ......... $ 125,000 $ 0 

2. Replace 348 feet of 30-inch storm sewer in 
Redwood Street between Imperial Court and 
River Road with 53-inch-wide by 34-inch-high 
HE storm sewer ........................... 91,000 0 

3. Replace 231 feet of 30-inch storm sewer in 
River Road South between Redwood Street and 
Kilbourn Street with 53-inch-wide by 34-inch-high 
HE storm sewer at 0.70 percent slope · .......... 60,000 0 

4. Replace 231 feet of 30-inch storm sewer in 
River Road South between Redwood Street and 
Kilbourn Street with 53-inch-wide by 34-inch-high 
HE storm sewer at 0.70 percent slope · .......... 60,000 0 

5. Replace 1 71 feet of 36-inch storm sewer east 
of River Road South between Redwood Street and 
Kilbourn Street with 53-inch-wide by 34-inch-high 
HE storm sewer at 0.82 percent slope · .......... 45,000 0 

6. Construct· O. 5-mile-long open channel through 
area east of River Road. Provide 160 feet total 
of double 48-inch RCP culvert at proposed 
upstream road crossing . . . . . . . . . . . . . . . . . . . . . . 75,000 1,400 

Subtotal $ 456,000 $ 1,400 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

R 1- Install 550 feet of 15-inch storm sewer · ......... $ 29,000 $ 220 
2. Install 370 feet of 18-inch storm sewer · ......... 23,000 150 
3. Install.800 feet of 21-inch storm sewer · ......... 56,000 320 
4. Install 690 feet of 24-inch storm sewer · ......... 208,000 280 
5. Install 1,160 feet of 27-inch storm sewer · ........ 108,000 470 
6. Install 460 feet of 36-inch storm sewer · ......... 61,000 90 
7. Install 800 feet of 45-inch by 29-inch 

concrete HE storm sewer .................... 119,000 150 
8. Install two 470-foot-long, 30-inch-diameter RCP 

culverts under the proposed realigned west Bend 
Airport runway and taxiway .................. 70,000 380 

9. Install one 60-foot-long, 30-inch-diameter RCP 
culvert under assumed future collector street . . . . . . . 4,000 20 

10. Install one 11 O-foot-Iong, 30-inch-diameter RCP 
culvert under proposed realigned STH 33 · ........ 9,000 40 

11 . Install one 60-foot-long, 18-inch-diameter RCP 
culvert under assumed future collector street . . . . . . . 3,000 20 

Subtotal $ 690,000 $ 2,140 

S 1. 500 feet of 36-inch storm sewer in Indiana Avenue 
between Locust Street and Oak Street ........... $ 97,000 $ -100 

2. Replace 364 feet of 12-inch clay storm sewer in 
Indiana Avenue between Oak Street and Kilbourn 
Street with 36-inch storm sewer ............... 70,000 -70 

3. Replace 591 feet of 12-inch clay storm sewer in 
Pennsylvania Avenue between Oak Street and 
Kilbourn Street and in Kilbourn Street between 
Pennsylvania Avenue and Indiana Avenue with 
30-inch by 1 9-inch storm sewer . . . . . . . . . . . . . . . . 73,000 0 

4. Replace 273 feet of 12-inch clay storm sewer in 
Kilbourn Street between Michigan Avenue and 
Indiana Avenue with 21-inch storm sewer ......... 26,000 0 

5. Replace 139 feet of 12-inch clay storm sewer in 
Kilbourn Street between Michigan Avenue and 
Indiana Avenue with 21-inch storm sewer . . ....... 13,000 0 

6. Replace 267 feet of 18-inch clay storm sewer in 
Indiana Avenue between Kilbourn Street and the 
Milwaukee River with 42-inch storm sewer ........ 60,000 -50 

7. Replace 94 feet of 1 8-inch clay storm sewer in 
Indiana Avenue between Kilbourn Street and the 
Milwaukee River with 42-inch storm sewer ........ 21,000 -20 

Subtotal $ 360,000 $ -240 

T 1. Install 520 feet of 12-inch storm sewer · ......... $ 23,000 $ 210 
2. Install 1 ,395 feet of 1 5-inch storm sewer · ........ 231,000 560 
3. Install 785 feet of 18-inch storm sewer · ......... 48,000 150 
4. Install 405 feet of 21-inch storm sewer · ......... 29,000 160 
5. Install 1,795 feet of 24-inch storm sewer · ........ 148,000 660 
6. Install 1,295 feet of 27-inch storm sewer · ........ 120,000 520 
7. Install 590 feet of 30-inch storm sewer · ......... 62,000 230 
8. Install 80 feet of 36-inch storm sewer . .......... 11,000 20 
9. 360 feet of 38-inch by 24-inch concrete 

HE storm sewer ........................... 45,000 70 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

T 10. 1 ,070-foot-long, trapezoidal, turf-lined channel 
(continued) with one vertical on four horizontal side slopes 

and a 4-foot bottom width .................... $ 31,000 $ 430 
11 . Two 34-foot-long, 24-inch-diameter culverts 

under North River Road . . . . . . . . . . . . . ......... 4,000 0 
12. Incremental quantity control portion of 

basin WD27, 0.83-acre-foot detention basin 
to serve planned development .................... 19,000 250 

Subtotal $ 771,000 $ 3,260 

Z 1 . Replace 264 feet of 12-inch polyvinyl chloride 
storm sewer in private drive east of Camden 
Lane with 1 5-inch storm sewer ................ $ 18,000 $ 100 

2. Replace 143 feet of 12-inch storm sewer in 
Woodlawn Avenue south of Greentree Road 
with 15-inch storm sewer .................... 9,000 60 

3. Replace 43 feet of 24-inch corrugated metal 
storm sewer at the hydrologic unit outfall to 
the Milwaukee River with 27-inch storm sewer ..... 6,000 20 

Subtotal $ 33,000 $ 180 

AB 1. Replace 159 feet of 12-inch storm sewer in Monroe 
Street southwest of Roosevelt Drive with 18-inch 
storm sewer at a slope of 2.8 percent ........... $ 13,000 $ 0 

2. Replace 77 feet of 15-inch storm sewer in the 
intersection of Monroe Street and Roosevelt 
Drive with 21-inch storm sewer at a slope 
of 2.5 percent . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7,000 0 

3. Replace 348 feet of 1 5-inch storm sewer in Monroe 
Street between Roosevelt and River Drives with 
24-inch storm Sewer at a slope of 3.9 percent ...... 39,000 0 

4. Replace an estimated 30 feet of 2-foot-square 
concrete box culvert in the intersection of River 
Drive and Monroe Street with 24-inch storm 
sewer at a slope of 3.9 percent ................ 3,000 0 

Subtotal $ 62,000 $ 0 

AE 1. Replace 41 9 feet of 1 5-inch storm sewer in 
Main Street southeast of Barton Avenue with 
21-inch storm sewer at a slope of 2.9 percent ........ $ 41,000 $ 0 

2. Replace 439 feet of 18-inch storm sewer 
in Main Street between Spring Street and 
Fond du Lac Street with 24-inch storm 
sewer at a slope of 1.85 percent ............................ 49;000 0 

3. Replace 31 0 feet of 1 8-inch storm sewer in 
Main Street south of Fond du Lac Street with 
24-inch storm sewer at a slope of 2.9 percent ............ 35,000 0 

4. Replace 339 feet of 24-inch storm sewer in an 
easement between Main Street and the Milwaukee 
River with 53-inch-wide by 34-inch-high HE pipe 
at a slope of 0.34 percent .................... 88,000 0 

5. Construct a 100-foot-long outlet channel from the 
downstream end of the proposed 53-inch-wide by 
34-inch-high HE outfall to the Milwaukee River .......... 1,000 100 

Subtotal $ 214,000 $ 100 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AF 1. Replace 99 feet of 12-inch storm sewer in Main 
Street at Martin Court with 21-inch storm sewer .... $ 9,000 $ 0 

2. Replace 422 feet of 15-inch storm sewer in Main 
Street between Martin Court and Silverbrook Drive 
with 24-inch storm sewer .................... 47,000 0 

3. Replace 95 feet of 18-inch storm sewer in 
Silverbrook Drive extended at the outlet of 
subbasin MR367 with 36-inch storm sewer ........ 18,000 -20 

4. Install 57 feet of 18-inch storm sewer in 
Washington Street (STH 33) · ................. 5,000 20 

5. Replace 357 feet of 12-inch storm sewer in 
Washington Street (STH 33) with 336 feet of 
18-inch storm at slopes of 5.0 and 5.5 percent 
and with 44 feet of 21-inch storm sewer at a 
slope of 2.0 percentg ....................... 32,000 10 

6. Install 85 feet of 30-inch storm sewer at a slope 
of 0.41 percent in the intersection of Washington Street 
(STH 33) and 8th Avenueh ..............•.... 13,000 30 

7. Replace 11 5 feet of 1 8-inch clay storm sewer 
in 8th Avenue with 30-inch storm sewer at 
a slope of 0.41 percent ..................... 17,000 0 

8. Replace 272 feet of 18-inch clay storm sewer in 
Main Street and Beech Street extended at the outlet 
of Subbasin MR154 with 27-inch storm sewer ...... 34,000 0 

9. Install 40 feet of 18-inch sto.rm sewer in 
Washington Street (STH 33)' · ................. 3,000 20 

10. Install 90 feet of 1 2-inch 
storm sewer in 9th Avenuei,j · ................. 5,000 40 

11. Install 123 feet of 18-inch storm sewer in 
9th Avenue and Washington Street (STH 33)i,j ..... 10,000 50 

12. Install 79 feet of 12-inch 
storm sewer in 7th Avenuei,j · ................. 4,000 30 

13. Install 48 feet of 1 8-inch 
storm sewer in 7th Avenuei,j · ................. 4,000 20 

14. Replace 628 feet of 12- and 1 5-inch storm 
sewer in Washington Street (STH 33) with 
624 feet of 21-inch storm sewer ............... 60,000 0 

Subtotal $ 261,000 $ 200 

AH 1 . Replace 141 feet of 12-inch storm sewer 
in Barton Avenue (STH 144) with 
21 -inch storm sewer ....................... $ 13,000 $ 0 

2. Replace 318 feet of 12-inch storm sewer and 
187 feet of various types of storm sewer in Monroe 
Street and Monroe Street extended at the outfall 
to the Milwaukee River with 18-inch storm sewer 
at a slope of 3.6 percent ..................... 41,000 0 

3. Replace 1 61 feet of 1 5-inch storm sewer in 
Schmidt Road with 1 8-inch storm sewer . . . . . . .... 13,000 0 

4. 'Replace 255 feet of 24-inch storm sewer in 
Schmidt Road with 30-inch storm sewer . . . . . . . . . . 38,000 0 

5. Replace 342 feet of 27 -inch storm sewer 
in Schmidt Road with 45-inch-wide by 
29-inch-high HE storm sewer .................. 71,000 -60 

Subtotal $ 176,000 $ -60 
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Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AI 1. Replace 276 feet of 15-inch clay storm sewer 
in Mayer Street with 24-inch storm sewer 
at a slope of 1.3 percent ..................... $ 31,000 $ 0 

2. Replace 1 62 feet of 1 5-inch clay storm sewer 
in Mayer Street with 21-inch storm sewer . . . ...... 16,000 0 

3. Replace 1 70 feet of 18-inch clay storm sewer 
in Wilson Street with 196 feet of 27-inch 
storm sewer at a slope of 2.2 percent ........... 25,000 0 

4. Replace 291 feet of 18-inch clay storm sewer 
in North Street between Wilson and E. Washington 
Streets with 27-inch storm sewer at a 
slope of 3.7 percent ........................ 37,000 0 

5. Replace 60 feet of 18-inch storm sewer in the 
intersection of North and E. Washington Streets 
with 24-inch storm sewer .................... 7,000 0 

6. Replace 37 feet of 1 5-inch clay storm sewer 
in the intersection of Edgewood Lane and 
Wisconsin Street with 27-inch storm sewer 
at a slope of 0.82 percent .................... 5,000 0 

7. Replace 33 feet of 15-inch clay storm sewer in 
Wisconsin Street with 27-inch storm sewer at a 
slope of 0.82 percent ....................... 4,000 0 

8. Replace 335 feet of 18-inch clay storm sewer in 
Wisconsin Street with 27-inch storm sewer at a 
slope of 0.82 percent ....................... 43,000 0 

9. Replace 191 feet of 36-inch storm sewer in 
E. Washington Street at the hydrologic unit 
outlet with 42-inch storm sewer ............... 43,000 0 

Subtotal $ 211,000 $ 0 

AJ 1. Replace 513 feet of 1 2-inch clay pipe storm sewer 
in Forest Avenue between Willow Lane and 
Water Street with 18-inch storm sewer ........... $ 42,000 $ 0 

2. Replace 373 feet of 12-inch clay storm sewer in 
Water Street with 30-inch-wide by 1 9-inch-high 
HE reinforced concrete storm sewer ............. 46,000 0 

3. Replace 418 feet of 12-inch clay or reinforced 
concrete storm sewer in Water Street with 24-inch 
storm sewer at a slope of 1.9 percent ........... 47,000 0 

4. Replace 126 feet of 12-inch storm sewer in 
Island Avenue with 24-inch storm sewer at 
a slope of 2.7 percent ...................... 14,000 0 

Subtotal $ 149,000 $ 0 

AK 1. Replace 410 feet of 12-inch storm sewer in, and 
in an easement west of, Island Avenue between 
Water Street and E. Washington Street (STH 33) 
with 27-inch storm sewer .................... $ 53,000 $ 0 

Subtotal $ 53,000 $ 0 

AL 1. Replace 261 feet of 15-inch clay storm sewer in 
Forest Avenue with 21-inch storm sewer ......... $ 25,000 $ 0 

2. Replace 296 feet of 15-inch clay storm sewer in 
Forest Avenue with 38-inch-wide by 24-inch-high 
HE reinforced concrete storm sewer ............. 50,000 0 
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Hydrologic 
Capitalb 
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Unit Project and Component Descriptiona and Maintenancec 

AL 3. Replace 265 feet of 15-inch clay storm sewer in 
(continued) Forest Avenue with 27-inch storm sewer · ........ $ 34,000 $ 0 

4. Replace 33 feet of 1 8-inch corrugated metal storm 
sewer in Forest Avenue with 27-inch storm sewer ... 4,000 0 

5. Replace 496 feet of 18-inch corrugated metal 
storm sewer in Forest Avenue extended with 
30-inch storm sewer ....................... 74,000 0 

6. Replace 288 feet of 12-inch clay and reinforced 
concrete storm sewer in Forest Avenue with 
23-inch-wide by 14-inch-high HE reinforced 
concrete storm sewer . . . . . . . . . . . . . . . . . . . . . . . 24,000 0 

7. Replace 235 feet of 12-inch storm sewer in 
Forest Avenue with 24-inch storm sewer · ........ 26,000 0 

Subtotal $ 237,000 $ 0 

AM 1 . Replace 26 feet of 12-inch storm sewer in the 
intersection of Washington Street (STH 33) and 
Indiana Avenue with 18-inch storm sewer at a slope 
of 2.2 percent ............................ $ 2,000 $ 0 

2. Replace 86 feet of 1 5cinch storm sewer in 
Indiana Avenue with 18-inch storm sewer 
at a slope of 2.2 percent ..................... 7,000 0 

3. Replace 504 feet of 12-inch storm sewer in 
Indiana Avenue with 18-inch storm sewer ......... 42,000 0 

4. Replace 604 feet of 1 5-inch clay and RCP 
storm sewer in Indiana Avenue with 
24-inch storm sewer ....................... 68,000 0 

5. Replace 832 feet of 24-inch storm sewer in 
Indiana Avenue with 30-inch storm sewer 
at a slope of 0.99 percent .................... 125,000 0 

6. Replace 335 feet of 21-inch storm sewer in 
Indiana Avenue with 30-inch storm sewer 
at a slope of 0.99 percent .................... 50,000 0 

7. Replace 1 70 feet of 24-inch storm sewer in 
Indiana Avenue with 36-inch storm sewer ......... 33,000 -30 

Subtotal $ 327,000 $ -30 

AP 1. Replace 645 feet of 1 5-inch storm sewer in 
Hillcrest Street with 21-inch storm sewer · ........ $ 62,000 $ 0 

2. Replace 307 feet of 18-inch storm sewer in 
Hillcrest Street with 24-inch storm sewer · ........ 34,000 0 

3. Replace 144 feet of 1 8-inch storm sewer in 
Eastern Avenue with 24-inch storm sewer ......... 16,000 0 

Subtotal $ 112,000 $ 0 

AQ 1. Replace 675 feet of 58-inch-wide by 36-inch-high 
CMP storm sewer with 53"inch-wide by 
34-inch-high HE storm sewer .................. $ 176,000 $ 0 

2. Install 380 feet of 21-inch storm sewer through 
Riverside Park north of Kilbourn Street ........... 36,000 150 

Subtotal $ 212,000 $ 150 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AS 1- Detention basin WD28 with a 10-year 
live storage volume of 1.1 acre-foot. 
Water quantity control costk .................. $ 23,000 $ 350 

2. 65 feet of 30-inch storm sewer for inlet to 
detention basin WD28 10,000 - -I ...................... 

3. 65 feet of 24-inch storm sewer for outlet 
from detention basin WD28 ............•...... 7,000 - -I 

Subtotal $ 40,000 $ 350 

AU 1. Replace 12 feet of 12-inch clay storm 
sewer in the intersection of Elm Street 
and 10th Avenue with 21-inch storm sewer 
at a slope of 1.2 percent ..................... $ 1,000 $ 0 

2. Replace 283 feet of 15-inch clay storm sewer 
in Elm Street with 21-inch storm sewer at 
a slope of 1.2 percent ...................... 27,000 0 

3. Replace 38 feet of 1 5-inch clay storm sewer in 
the intersection of Elm Street and 9th Avenue with 
24-inch storm sewer at a slope of 2.2 percent ...... 4,000 0 

4. Replace 178 feet of 1 5-inch clay storm sewer 
in 9th Avenue with 30-inch storm sewer at 
a slope of 0.76 percent ..................... 27,000 0 

5. Replace 260 feet of two parallel 15-inch clay 
storm sewers in 9th Avenue with one 30-inch 
storm sewer at a slope of 0.76 percent ........... 39,000 0 

6. Replace 47 feet of 6-inch clay storm sewer 
in the intersection of Cedar Street and 
10th Avenue with 12-inch storm sewer .......... 2,000 0 

7. Replace 85 feet of 12-inch clay storm sewer 
in 10th Avenue with 12-inch storm sewer 
at a slope of 2.6 percent ..................... 4,000 0 

8. Replace 26 feet of 12-inch clay storm sewer in the 
intersection of Cedar Street and 10th Avenue with 
12-inch storm sewer at a slope of 3 percent ....... 1,000 ' 0 

9. Replace 336 feet of 24-inch clay storm sewer in the 
intersection of Cedar Street and 9th Avenue and in 
Cedar Street between 8th and 9th Avenues with 
30-inch storm sewer at a slope of 2.5 percent ...... 51,000 0 

10. Replace 1 67 feet of 18-inch clay storm sewer 
in an easement east of 8th Avenue with 21-inch 
storm sewer at a slope of 4.9 percent ........... 16,000 0 

11. Replace 300 feet of 12-inch clay storm sewer 
in an alley south of Cedar Street between 7th 
and 8th Avenues and in an easement between the 
alley and 7th Avenue with 30-inch storm sewer 
at a slope of 1.2 percent ..................... 45,000 0 

12. Replace 340 feet of 24-inch reinforced concrete 
and clay storm sewer in the intersection of Cedar 
Street and 8th Avenue and in Cedar Street 
between 7th, and 8th Avenues with 30-inch 
storm sewer at a slope of 3.6 percent ........... 50,000 0 
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Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AU 13. Replace 179 feet of 24-inch clay storm sewer 
(continued) in Cedar Street between 7th Avenue and Main 

Street with 36-inch storm sewer ............... $ 35,000 $ -30 
14. Replace 65 feet of 1 5-inch clay storm sewer 

in Cedar Street between 7th Avenue and 
Main Street with 36-inch storm sewer 
at a slope of 1.7 percent . . . . . . . . . . . . . . . . . . . . . 13,000 -10 

15. Replace 283 feet of 36-inch reinforced concrete and 
corrugated metal storm sewer in Mill Street and at the 
hydrologic unit outlet to the Milwaukee River with 
42-inch.storm sewer at a slope of 0.85 percent ..... 64,000 0 

16. Replace 38 feet of 1 2-inch storm sewer in 
Main Street with 18-inch storm sewer ........... 3,000 0 

17. Replace 187 feet of 18-inch storm sewer 
in Main Street with 24-inch storm sewer 
at a slope of 0.89 percent .................... 21,000 0 

18. Replace 386 feet of 30-inch storm sewer 
in Main Street with 42-inch storm sewer 
at a slope of 0.79 percent .................... 86,000 0 

Subtotal $ 489,000 $ -40 

AY 1 . Install 660 feet of 1 2 inch storm sewer · ......... $ 33,000 $ 270 
2. Install 1 ,220 feet of 15-inch storm sewer . ........ 76,000 490 
3. Install 1,1 30 feet of 1 8-inch storm sewer . ........ 76,000 450 
4. Install 425 feet of 21-inch storm sewer · ......... 29,000 170 
5. Install 35 feet of 24-inch storm sewer . .......... 3,000 10 
6. Install 370 feet of 27-inch storm sewer · ......... 34,000 100 
7. Install 555 feet of 30-inch storm sewer · ......... 71,000 230 
8. Install 325 feet of 36-inch storm sewer · ......... 63,000 60 
9. Construct 35-foot-long, turf-lined open channel from 

24-inch-diameter storm sewer to Milwaukee River ... 500 30 
10. Construct 25-foot-long, turf-lined open channel from 

18-inch-diameter storm sewer to Milwaukee River ... 400 50 

Subtotal $ 385,900 $ 1,860 

AZ 1. 285-foot minimum length, trapezoidal, turf-lined open 
channel with 3-foot-wide bottom and one vertical on 
four horizontal side slopes; located between 
Woodford Drive and the Wisconsin Central 
Transportation Corporation ................... $ 3,000 $ 100 

Subtotal $ 3,000 $ 100 

BC 1. Install 205 feet of 12-inch storm sewer · ......... $ 9,000 $ 80 
2. Install 370 feet of 18-inch storm sewer · ......... 23,000 150 
3. Install 360 feet of 24-inch storm sewer · ......... 30,000 140 
4. Install 940 feet of 27-inch storm sewer · ......... 88,000 350 
5. Install 570 feet of 36-inch storm sewer · ......... 75,000 110 
6. Install 530 feet of 42-inch storm sewer · ......... 84,000 100 
7. Construct 75-foot-long, riprap-lined, 

open channel from detention basin WD24 
outlet to Milwaukee River .................... 4,000 30 

8. Construct 120-foot-long, riprap-lined, 
open channel from 27-inch storm sewer 
outfall to Milwaukee River .................... 6,000 50 

Subtotal $ 319,000 $ 1,010 

55 



Table 9 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

BE 1. Install 720 feet of new 24-inch storm sewer · ...... $ 60,000 $ 280 
2. Install 230 feet of new 24-inch storm sewer · ...... 21,000 90 
3. Install 81 5 feet of 30-inch storm sewer . ......... 86,000 320 
4. Install 295 feet of new 36-inch storm sewer · ...... 39,000 60 
5. Install 430 feet of new 48-inch storm sewer · ...... 84,000 80 
6. Install 360 feet of new 51-inch-wide 

by 31-inch-high RCPA storm sewer ............. 67,000 70 
7. Install 440 feet of new 53-inch-wide 

by 34-inch-high storm sewer . . ................ 81,000 80 
8. Install 1,180 feet of new 58-inch-wide 

by 36-inch-high RCPA storm sewer ............. 266,000 230 
9. Detention basin WD7 with a 10-year storm 

live storage volume of 7.2 acre-feet. 
Water quantity control cost ................... 73,000 1,800 

Subtotal $ 777,000 $ 3,010 
- - Total $22,602,000 $40,700 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; 
HE = horizontal elliptical; RCP = reinforced concrete pipe; RCPA = reinforced concrete pipe arch; and SPPA = 
structural plate pipe arch. 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost.Negative costs were noted when the replacement component was estimated to have a 
smaller operation and maintenance cost than that of the existing facility. 

dThe water quality control costs of detention basins WD25 and WD26 which are set forth in Table 19 to enable 
comparison of alternatives are omitted here since those costs are included in Table 86 of Chapter IV of this volume. 

eThe water quality control cost of detention basin WD3 which is set forth in Table 36 to enable comparison of alternatives 
is omitted here since that cost is included in Table 86 of Chapter IV of this volume. 

f The existing storm sewers are utilized. 

gWisconsin Department of Transportation Project No. 1410-01-70, "Proposed Improvement of W. Washington Street," 
November 23, 1992, design drawings call for an 18-inch storm sewer at this location. A 21-inch storm sewer is 
recommended here to convey the estimated peak rate of runoff from a 1 O-year recurrence interval storm and to insure the 
proper functioning· of downstream replacement storm sewers, as recommended under this plan. 

h Wisconsin Department of Transportation Project No. 1410-01-70 calls for an 18-inch storm sewer at this location. A 30-
inch storm sewer is recommended here to convey the estimated peak rate of runoff from a 10-year recurrence interval 
storm and to insure the proper functioning of downstream replacement storm sewers, as recommended under this plan. 

i As called for under Wisconsin Department of Transportation Project No. 1410-01-70. 

j Replacing existing storm sewers and laid along a different alignment. 

kAs set forth in Chapter IV of this Volume, the capital cost of the water quality control portion of basin WD28 is $85,000 
and the annual operation and maintenance cost is $ 1,800. 

I Annual operation and maintenance cost included under Item 1. 

Source: SEWRPC. 
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The components and costs of the recommended 
plan are set forth in Table 9. The approximate 
location, alignment, and configuration of the 
recommended facilities, including the nonpoint 
source pollution control measures recommended 
in Chapter IV of this volume, are shown graphi
cally on Map 14. The total present value cost of 
this plan is $285,000, consisting of an estimated 
capital cost of $270,000 and an estimated annual 
operation and maintenance cost increase of $980. 

Hydrologic Unit MR-B 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-B is a 0.06-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under planned year 2010 conditions, about 
98 percent of the hydrologic unit would be 
developed in urban uses, which consist primarily 
of low- and medium-density residential uses. The 
existing stormwater management system con
sists of roadside swales and driveway culverts in 
the urbanized southern portion of this hydro
logic unit. There are no identified intermittent or 
perennial streams within the hydrologic unit 
and the existing roadside swales discharge 
directly to the Milwaukee River. Owing to the 
relatively low development density of the hydro
logic unit under existing conditions, there are no 
known existing, significant storm water drainage 
problems in the unit. 

Alternative Stormwater Drainage Plans: The 
following two alternative stormwater manage
ment plans were considered for Hydrologic Unit 
B: 1) a storm sewer and open channel convey
ance plan and 2) a storm sewer and open channel 
conveyance with centralized detention plan. 

Alternative Plan No. B-l, Storm Sewer and Open 
Channel Conveyance: Under planned land use 
conditions, the storm sewer and open channel 
conveyance alternative plan would convey runoff 
through the provision of 1,760 lineal feet of new 
24-inch- to 36-inch-diameter reinforced concrete 
storm sewer and 50 lineal feet of turf-lined 
trapezoidal open channel. The channel would 
provide an outlet for the proposed storm sewer 
and it would have average side slopes of one 
vertical on four horizontal, or other equivalent 
shape, and would have an average channel
bottom width of three feet. This alternative also 
assumes utilization of the roadside swales in the 
existing residential development south of Nor
man Road to convey runoff. Map 7 shows the 
approximate location and alignment of the 

storm water drainage facilities proposed under 
this alternative. Table 10 presents the salient 
characteristics and estimated costs of the pro
posed storm sewers comprising this alternative 
plan. The total present value cost of this alterna
tive plan is $193,000, including an estimated 
capital cost of $183,000 and an estimated annual 
operation and maintenance cost increase of $650. 

Alternative Plan No. B-2, Storm Sewer and Open 
Channel Conveyance with Centralized Deten
tion: This alternative enables the downsizing of 
1,585 lineal feet of proposed new storm sewers 
because of the reduction in peak flood flows 
achieved through the provision of detention 
storage for the control of runoff. In addition, 175 
lineal feet of storm sewer which would be 
installed under Alternative B-1 would be elimi
nated under Alternative B-2. The alternative 
calls for 1,700 lineal feet of new 15-inch- to 
30-inch-diameter reinforced concrete storm 
sewer. Map 8 shows the approximate location, 
alignment, and configuration of the facilities 
called for under this alternative. Table 11 pre
sents the salient characteristics and estimated 
costs of the proposed storm sewers and the 
0.5-acre-foot detention basin B-1 which comprise 
this alternative plan. The total present value 
cost of this alternative plan is $167,000, consist
ing of an estimated capital cost of $138,000, 
including land acquisition for the detention 
basin, and an estimated annual operation and 
maintenance cost increase of $1,810. 

Evaluation of Alternative Storm water Drainage 
Plans: The foregoing information provides a basis 
for a comparative evaluation of the two alterna
tive storm water drainage plans. Each alternative 
was designed to serve anticipated future develop
ment within the hydrologic unit. Thus, the 
principal criteria for the comparative evaluation 
were reduced to cost and implementability. 

Alternative B-2 is less costly than Alternative 
B-1, but Alternative B-1 would be more easily 
implemented since it would involve installing 
storm sewers generally within existing rights-of
way and easements and would not require 
purchasing land or easements for the provision 
of detention basins. 

Recommended Storm water Management Plan: 
Because of the lower cost of Alternative B-2, 
Storm Sewer and Open Channel Conveyance 
with Centralized Detention, it is recommended 
for adoption in Hydrologic Unit B. The compo-
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Map 7 (continued) 
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Map 7 (continuedl 
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Source: SEWRPC. 
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Table 10 

ALTERNATIVE B-1: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-B 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenance 

B 1 . Install 345 feet of new 
24-inch-diameter storm sewer · ................ $ 28,000 $140 

2. Install 465 feet of new 
27-inch-diameter storm sewer · ................ 43,000 190 

3. Install 560 feet of new 
30-inch-diameter storm sewer · ................ 59,000 220 

4. Install 390 feet of new 
36-inch-diameter storm sewer · ................ 52,000 70 

5. Construct 50-foot-long open channel . ........... 1,000 30 

- - Total $183,000 $650 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

Source: SEWRPC. 

Table 11 

ALTERNATIVE B-2: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL CONVEYANCE 
WITH CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-B 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenance 

B 1 . Install 81 0 feet of new 
1 5-inch-diameter storm sewer · ................ $ 42,000 $ 330 

2. Install 21 0 feet of new 
1 8-inch-diameter storm sewer · ................ 13,000 80 

3. Install 11 0 feet of new 
21 -inch-diameter storm sewer · ................ 8,000 40 

4. Install 455 feet of new 
30-inch-diameter storm sewer · ................ 48,000 180 

5. Construct 50-foot-long open channel . ........... 1,000 30 
6. Construct detention basin B-1 with a 

storage volume of 0.5 acre-foot ................ 16,000 1,100 
7. 65 feet of 30-inch storm sewer for basin B-1 inlet . .. 7,000 30 
8. 50 feet of 1 5-inch-diameter storm sewer 

for basin B-1 outlet ........................ 3,000 20 

- - Total $138,000 $1,810 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

Source: SEWRPC. 
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MapS 
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Map 8 (continued) 
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Map 8 (continued) 

STORM SEWER AND OPEN CHANNEL CONVEYANCE WITH CENTRALIZED DETENTION 
ALTERNATIVE PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 
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Map 8 (continued) 
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nents and costs of the recommended plan are set 
forth in Table 9 and the approximate location, 
alignment, and configuration of the recom
mended facilities is shown graphically on 
Map 14. 

Hydrologic Unit MR-C 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-C is a 0.19-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under planned year 2010 conditions, the hydro
logic unit would be about 54 percent developed 
for urban use, predominantly low- and medium
density residential. The remaining 46 percent 
would be devoted to agricultural, open land, 
woodland, and wetland uses. The existing 
stormwater management system consists of 
roadside swales and a system of interconnected 
wetlands and ponds north of Newark Road. The 
outlet is a culvert beneath Newark Road dis
charging to the Milwaukee River. Owing to the 
relatively low development density of the hydro
logic unit under existing conditions and the 
flood-attenuating effects of the natural drainage 
system, there are no known existing, significant 
storm water drainage problems in the unit. 

Alternative Storm water Drainage Plans: Because 
almost half of the hydrologic unit is to remain 
in agricultural, wetland, and open space uses and 
because detention storage already exists in the 
system of interconnected wetlands and ponds so 
located that both existing and planned develop
ment would be served, the only additional 
stormwater drainage measures required in this 
hydrologic unit are storm sewers to serve 
planned medium-density, single-family residen
tial developments. 

Recommended Storm water Management Plan: 
The recommended plan calls for the provision of 
1,010 lineal feet of new storm sewer, ranging in 
size from 12-inch-diameter to 23-inch-wide by 
14-inch-high horizontal elliptical reinforced 
concrete pipe to serve areas of planned medium
density, single-family residential development. 

The existing system of interconnected wetlands 
and ponds comprise two wetlands identified on 
the State wetland inventory maps. This system 
serves as a detention area under existing condi
tions, a function which would be preserved under 
the recommended plan. Modifications to the 
existing outlet structures from those ponds and 
wetlands are not required. It is recommended that 

runoff from the agricultural area in the eastern 
portion of the hydrologic unit be conveyed in a 
100-foot-Iong, 15-inch-diameter reinforced concrete 
pipe followed by a 140-foot-Iong, 23-inch-wide by 
14-inch-high horizontal elliptical reinforced con
crete pipe. These pipes would be buried under a 
310-foot-Iong drainage swale to be located in 
drainage easements along the side lot lines of 
residential properties. The drainage swale, which 
would serve the purpose of conveying runoff in 
excess of pipe capacity, would be lined with 
riprap, with average side slopes of one vertical on 
three horizontal. The 23-inch-wide by 14-inch-high 
horizontal elliptical pipe would terminate about 
70 feet east of the wetland. Outflow from the pipe 
would be conveyed in a turf-lined, three-foot-deep 
trapezoidal outflow channel which would termi
nate outside the wetland. In addition, the plan 
recommends replacing the 3.4-foot-wide, 2.4-foot
high corrugated metal pipe arch under Newark 
Road with a 60-foot-Iong, 30-inch-diameter rein
forced concrete pipe to accommodate the widening 
of Newark Road as recommended under the 

. Washington County Jurisdictional Highway 
System Plan. 

The components and costs of the recommended 
plan are set forth in Table 9. The total capital 
cost of this plan is about $67,000 and the 
estimated annual operation and maintenance 
cost increase is $560. The recommended storm
wate~ drainage plan is summarized in graphic 
form on Map 14. 

Hydrologic Unit MR-D 
Evaluation of the' Stormwater Management 
System: Hydrologic Unit MR-D is a 0.18-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under planned year 2010 land use conditions, 
about 60 percent of the hydrologic unit would be 
developed for urban uses, primarily industrial, 
commercial. and freeway. The remaining 
40 percent would be devoted to woodland, wet
land, park and recreational, agricultural, and 
other open space uses. The existing stormwater 
management system consists of roadside swales 
and culverts which discharge to a short 
unnamed tributary to the Milwaukee River. 

Because of the relatively low development 
density of the hydrologic unit under existing 
conditions and the flood-attenuating effects of 
the natural drainage system result, there are no 
known existing, significant storm water drainage 
problems in the unit. 
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Alternative Storm water Drainage Plans: 
Planned urban development in this hydrologic 
unit would be concentrated in the northeast 
portion in a corridor along CTH D. Additional 
stormwater management facilities to serve the 
planned rural· areas outside the corridor or to 
handle runoff from USH 45 are not necessary. 
The existing and proposed industrial and com
mercial development in this hydrologic unit is 
'!VeIl-suited to an open channel-roadside swale 
drainage system. Because wet detention basin 
WD10 is called for under the water quality 
management element presented in Chapter IV of 
this volume, the open channel conveyance with 
centralized detention alternative plan was the 
most logical plan for this unit and the develop
ment of alternatives was not necessary. 

Recommended Stormwater Management Plan: 
The recommended plan calls for utilizing the 
existing system of roadside swales, open chan
nels, and culverts and constructing basin WD10 
as a dual-purpose basin with a permanent pond 
volume of eight acre-feet and a surcharge 
storage volume of 4.9 acre-feet in addition to the 
permanent pond volume. Even if the basin were 
not intended to serve a water quantity control 
function, this amount of surcharge storage 
would be provided because of the need to exca
vate to an elevation at which the permanent 
pond would receive runoff conveyed by the 
existing upstream and downstream culvert 
system. The reduction in the 100-year recurrence 
interval peak flood flow because of the surcharge 
storage, would prevent flooding along the 
unnamed tributary to the Milwaukee River north 
ofCTH D. The planned condition flood inunda
tion area along that tributary is shown on 
Map 14. 

The components and costs of thl'! recommended 
plan are set forth in Table 9. The approximate 
location, alignment, and configuration of the 
recommended facilities, including the nonpoint 
source pollution control measures recommended 
in Chapter IV of this volume, are showngraphi
cally on Map 14. The total present value 
cost of this plan is $192,000, consisting of an 
estimated capital cost of $148,000 and an esti
mated annual operation and maintenance cost 
increase of $2,800. 

Hydrologic Unit MR-E 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-E is a 1.36-square
mile area located as shown o~ Map 1 in Chap-
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ter I of this volume. Under existing land use 
conditions, about 24 percent of the unit is 
developed in urban land uses. Under planned 
year 2010 conditions, the hydrologic unit would 
be about 58 percent developed for urban uses, 
predominantly low- and medium-density residen
tial. The remaining 42 percent would be devoted 
to agricultural, open land, woodland, and wet
land uses. The existing stormwater management 
system consists of roadside swales, curb and 
gutters with attendant storm sewers in some 
areas of residential development, several man
made ponds, and a system of interconnected 
wetlands which are drained by two unnamed 
intermittent streams. The main stream runs in 
a generally easterly direction for about 1.32 
miles from USH 45 to its confluence with the 
Milwaukee River. The second stream is tributary 
to the first. It begins at the Juech Wildlife Area 
and runs in a northerly direction for about 0.80 
mile, generally parallel to 18th Avenue. A third 
intermittent stream is located entirely within 
subbasin MR240. That stream runs in a westerly 
direction for about 0.38 mile from Main Street to 
its confluence with the first stream noted above. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in 
Table 12, a comparison of the planned land use 
condition 10-year recurrence interval storm flows 
with the capacities of the existing storm sewers 
shows that many sewers have inadequate 
capacities to meet the minor system requirement 
of conveying the peak rate of runoff from a 
10-year storm. In addition, major system capac
ity problems were identified at two locations: 
1) in Roosevelt Drive North, where ponding in a 
mid-block sag could result in overland flow and 
flooding of buildings during a 100-year recur
rence interval storm, and 2) at the T intersection 
of 18th Avenue and Sunset Ridge Drive, where. 
a lack of an overland flow path could result in 
the flooding of buildings during a 100-year 
storm. No flooding of existing structures along 
the three unnamed tributaries is anticipated for 
floods up to and including a 100-year event 
under planned land use and existing channel 
conditions. 

Two additional major system problems were 
. identified which could arise when the proposed 
extension of 18th Avenue is constructed. These 
are located at the western· termini of Primrose 
and Larkspur Lanes. The existing- outfall pipes 
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Table 12 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: HYDROLOGIC UNIT E, RECOMMENDED PLAN, 

STORM SEWER AND OPEN CHANNEL CONVEYANCE WITH CENTRALIZED DETENTION 

Planned Planned 
10-Year 100-Year 

Existing Planned Storm Storm 
Capacity Capacity Flow Flow 

Existing (cubic (cubic (cubic (cubic 
Sizeb feet per Planned Sizeb Length feet per feet per feet per 

Storm Sewer Locationa (inches) second) (inches) (feet) second) second) second) 

In Roosevelt Drive 18 14 27 75 40 22 34 
North (102) 

In easement between 18 22 27 287 65 31 49 
Roosevelt Drive North 
and Sunset Ridge Drive 
(102) 

In Sunset Ridge Drive east 21 42 Retain existing 275 42 54 85 
of 18th Avenue (102) 

In Sunset Ridge Drive at 36 by 26 22 51 by 31 RCPA 87 56 54 85 
intersection with 18th CMPA 
Avenue (102) 

In 18th Avenue at 58 by 36 53 53 by 34 HE at 56 77 76 121 
intersection with Sunset CMPA 0.55 percent 
Ridge Drive (102) 

In 18th Avenue between 27 6 58 by 36 RCPA at 141 57 56 86 
Patricia Drive and 0.22 percent 
Sunset Ridge Drive 
(102) 

In 18th Avenue between 27 22 58 by 36 RCPA at 109 57 56 86 
Patricia Drive and 0.22 percent 
Sunset Ridge Drive 
(102) 

In easement between 18th 58 by 36 Oc Dual 68 by 43 HE 143 214 135 211 
Avenue and intermittent CMPA at 0.28 percent 
stream through Sunset 
Park (102) 

In Primrose Lane at 18th 12 3 18 140 9 8 12 
Avenue extended (115) 

In Larkspur Lane at 18th 18 9 21 130 13 11 16 
Avenue extended (115) 

Frequency 
Storm Used for 
Evaluation of 

Existing Storm 
Sewers and 

Replacement of 
Inadequate Storm 
Sewers (years) 

100 

100 

10 

10 

10 

10 

10 

100 

10d 

10d 

NOTE: The following abbreviations have been used: CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and RCPA = reinforced concrete pipe arch. 

aCity storm sewer system plan sheet number in parentheses. 

bOiameter of circular reinforced concrete pipe unless noted otherwise. 

cExisting storm sewer has a negative grade. 

d Assumes design of future 18th Avenue extension will include an overland flow route to the west for flows in excess of a 1o-year recurrence interval event. 

Source: SEWRPC. 
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from the storm sewers serving each of these two 
streets are not capable of conveying either the 
10- or 100-year peak discharges. Surcharged 
stormwater from these pipes is currently able to 
flow overland to the wetland to the west. Exten
sion of 18th Avenue would eliminate this 
overland flow path, potentially resulting in 
ponding and possible structure flooding at 
these locations. 

Alternative Stormwater Drainage Plans: 
Planned urban development will be located 
mainly along the outer fringes of this hydrologic 
unit, with runoff conveyed to the system of 
interconnected wetlands and the existing 
streams. Because of the natural flood-attenu
ating effects of these wetlands, additional 
storm water detention basins are not necessary 
for quantity control purposes. One exception to 
this is at the outlet of subbasin MRl09A. This 
currently rural subbasin is proposed completely 
for medium density residential development by 
the year 2010. Runoff from this subbasin dis
charges onto lands located outside the planned 
urban service area, lands for which no engi
neered conveyance measures are proposed. In 
order to limit the increase in runoff onto those 
lands, the construction of a centralized detention 
basin would be necessary. Therefore, a storm 
sewer and open channel conveyance with cen
tralized detention alternative plan was the most 
logical plan for this unit and the development of 
additional alternatives was not necessary. 

Recommended Storm water Management Plan: 
The recommended plan calls for the provision of 
new and replacement storm sewers to abate 
existing stormwater runoff problems and to 
serve planned new urban development effec
tively. The plan includes 1,310 lineal feet of 
replacement storm sewer, ranging in size from 
2l-inch reinforced concrete pipe to 68-inch-wide 
by 43-inch-high horizontal elliptical reinforced 
concrete pipe and 3,890 lineal feet of new storm 
sewers ranging in size from l2-inch reinforced 
concrete pipe to 5l-inch-wide by 3l-inch-high 
reinforced concrete pipe arch. In addition to 
these storm sewers, dry detention basin E-l 
would be constructed at the outlet of subbasin 
MRI09A. This basin would be about 2.0 acres in 
size, with a storage volume of up to 3.5 acre-feet. 
It would be designed to limit the peak discharge 
to the existing development condition level for 
storms up to and including the 10-year recur-
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rence interval event. Although not designed to 
control larger· runoff events, some storage 
benefits would be derived during such events. 

The three intermittent streams located within 
this hydrologic unit would remain in their 
present condition, with the exception of a 315-
foot-long reach of that stream located in sub
basin MR240. Along that reach the existing 
channel would be deepened by up to two feet and 
would be provided with a five foot bottom width 
and side slopes of one vertical on three horizon
taL The channel would be lined with natural 
vegetation to match the downstream reaches of 

. this stream. The plan also calls for the place
ment of three 48-inch-diameter reinforced con
crete pipes, 100 feet in length, to accommodate 
the extension of 18th Avenue recommended 
under the Washington County Jurisdictional 
Highway System Plan. Finally, most of sub
basin MR240 is proposed to be developed for 
medium-density residential use, including that 
area adjacent to this intermittent stream. In 
order to ensure sufficient drainage capacity and 
to help prevent development within the 100-year 
recurrence interval .flood inundation area, it is 
recommended that a 100-foot-wide greenway also 
be established along this stream. Similar green
ways along the remaining two intermittent 
streams within this hydrologic unit are not 
deemed necessary since the undeveloped lands 
adjacent to these streams are to remain in open 
space uses .. 

The water quality management portion of this 
plan as described in Chapter IV of this volume 
includes the provision of six wet detention 
basins within this hydrologic unit. All six basins 
are located so that they discharge directly to an 
existing wetland complex. Since these wetlands 
provide a significant amount of natural deten
tion storage, and since no engineered storm
water conveyance components are located 
downstream of these six wet basins, they were 
not considered further for use as quantity control 
basins under this plan. 

The components and costs of the recommended 
plan are set forth in Table 9. The total present 
value cost of this plan is $1,022,000, consisting 
of an estimated capital cost of $926,000 and an 
estimated annual operation and maintenance 
cost increase of $6,090. The approximate loca
tion, alignment, and configuration of the recom
mended storm water drainage plan, along with 



the non point source pollution control measures 
recommended in Chapter IV of this volume, are 
summarized graphically on Map 14. 

Hydrologic Unit MR-F 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-F is a 0.14-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, about 95 percent of the hydrologic 
unit is developed in urban land uses. Under 
planned year 2010 conditions the hydrologic unit 
would essentially be completely developed in 
urban uses, predominantly medium-density 
residential use. The existing storm water man
agement system consists of roadway curbs and 
gutters, storm sewer inlets, and storm sewers. 
There are no identified intermittent or perennial 
streams within the hydrologic unit· and the 
storm sewers discharge directly to the Milwau
kee River. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in 
Table 13, a comparison of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
many sewers have inadequate capacities to meet 
the minor system requirement of conveying the 
peak rate of runoff from a 10-year storm. In 
addition, major system capacity problems were 
identified at two locations: 1) in Skyline Drive at 
Acorn Road extended, where ponding in a mid
block sag could result in overland flow and 
flooding of buildings during a 100-year recur
rence interval storm and 2) west of Stratford 
Road, where an inadequate overland flow path 
to the Milwaukee River could result in the 
flooding of buildings during a 100-year storm. 

Alternative Storm water Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic Unit 
F: 1) a storm sewer conveyance plan and 2) a 
storm sewer conveyance with centralized deten
tion plan. 

Alternative Plan No. Foi, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan calls for the provision of new and replace
ment storm sewers to abate existing storm water 
runoff problems and to serve planned new urban 
development effectively. This alternative 
includes 3,790 lineal feet of replacement storm 
sewer, ranging in size from 18-inch- to 48-inch-

diameter reinforced concrete pipe and 170 feet of 
new 21-inch-diameter storm sewer. Map 9 shows 
the approximate location and alignment of the 
new and replacement storm sewers proposed 
under this alternative. Table 13 presents a 
comparison of peak flows and existing and 
proposed storm sewer hydraulic capacities. 
Table 14 presents the salient characteristics and 
estimated costs of the new and replacement 
storm sewers comprising this alternative plan. 
The total present value cost of this alternative 
plan is $608,000, consisting of an estimated 
capital cost of $609,000 and an estimated $50 net 
annual operation and maintenance cost savings 
over existing conditions. 

Alternative Plan No. F-2, Storm Sewer Convey
ance with Centralized Detention: This alterna
tive enables the downsizing of 1,140 lineal feet 
of replacement storm sewers because of the 
reduction in peak flood flows achieved through 
the provision of detention storage for the control 
of runoff from a 100-year recurrence interval 
storm. In addition, 380 lineal feet of storm sewer 
which would be replaced under Alternative F-1 
is located at a proposed detention basin site and 
would, therefore, be eliminated under Alterna
tive F-2. The alternative calls for 170 lineal feet 
of new 12-inch-diameter storm sewer and for 
3,410 lineal feet of replacement storm sewers 
ranging in size from 18-inch- to 42-inch-diameter 
reinforced concrete pipe. Map 10 shows the 
approximate location, alignment, and configura
tion of the facilities called for under this alter
native. Table 15 presents a comparison of peak 
flows and existing and proposed storm sewer 
hydraulic capacities. Table 16 presents the 
salient characteristics and estimated costs of the 
new and replacement storm sewers and the 0.3-
acre-foot and 1.0-acre-foot detention basins 

. which comprise this alternative plan. The total 
present value cost of this alternative plan is 
$726,000, consisting of an estimated capital cost 
of $696,000, including land acquisition for the 
detention basins, and an estimated annual 
operation and maintenance cost increase 
oi'$1,890. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative stormw'ater drainage plans. Each 
alternative was designed to resolve the identified 
existing drainage problems as well as to serve 
anticipated future development within the 
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Table 13 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE F-1, STOAM SEWER CONVEYANCE 

Existing Planned Existing Planned 
10-Year 10-Year 100-Year 100-Year 

Existing Planned Storm Storm Storm Storm 
Capacity Capacity Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per 

LocationS (inches) second) (inches) (feet) second) second) second) second) second) 

In Skyline Drive 21 8 38 by 24 HE 673 20 8 8 8c 15 
north of Barbie 
Avenue and south 
of Barbie Drive 
(100) 

In easement east of 12 9 21 24 25 11 11 15 22 
Acorn Road and 
west of Skyline 
Drive (100) 

In easement east of 12CMP 3 21 3BO 25 11 11 15 22 
Acorn Road and 
west of Skyline 
Drive (100) 

In Acorn Road 21 29 38 by 24 HE 29 76 28 28 50 56 
between Parkfield 
Drive and Briar 
Drive (100) 

In Acorn Road 18 13 38 by 24 HE 329 52 28 28 50 56 
between Parkfield 
Drive and Briar 
Drive (100) 

In Briar Drive north 15 7 30by19HE 308 23 15 15 29 29 
of Acorn Road 
(100) 

In Acorn Road west 18d 6 24 at 1.38 330 27 51 52 96 102 
of Parkfield Drive percent 
(100) 

In Acorn Road west 24d 25 Retain existing 320 25 51 52 96 102 
of Parkfield Drive 
(100) 

In easement between 30 40 42 at 2.4 390 156 62 63 115 121 
Jackson Street and percent 

Hi-fI!Iount Road 
west of Salisbury 
Road (101) 

In Stratford Road 30 46 42 at 2.4 58 156 65 66 123 129 
between Jackson percent 
Street and Hi-
Mount Road (101) 

In easement north of New sewer -- 21 170 17 -- 7 -- 12 
Jackson Street and 
west of Salisbury 
Road 

In easement between 36 by 22 27 42 at 2.4 231 156 37 87 105 167 
Northwestern Ave-- CMPA percent 
nue and Stratford 
Road north of Hi-
Mount Road (101) 

In easement between 50 by 31 63 42 at 2.4 153 156 37 87 105 167 
Northwestern Ave~ CMPA percent 
nue and Stratford 
Road north of Hi· 
Mount Road (101) 

In easement between 36 124 48 at 1.65 123 184 51 123 125 184 
Northwestern Ave- percent8 

nue and Milwaukee 
River (101) 

In easement between 50 by 31 82 48 at 1.65 168 184 51 123 125 184 
Northwestern Ave- CMPA percentS 
nUB and Milwaukee 
River (101) 

Frequency 

Storm Used for 
Evaluation of 

Existing Storm 
Sewers and 

Replacement of 
Inadequate Storm 

Sewers (years) 

100 

100 

100 

100 

10 

10 

10 

10 

100 

100 

100 

100 

100 

100 

100 



Table 13 (continued) 

Frequencv 

Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 
Capacily Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feel per Inadequate Storm 

Branch Reach Location8 (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

4 0 In Northwestern 24CMP 5 lB at 0.87 130 10 4 6 6 10 100 
Avenue and west percent 
of Northwestern 
Avenue (101) 

In Northwestern 24CMP 18 18 at 0.87 60 10 4 6 6 10 100 
Avenue and west percent 
of Northwestern 
Avenue (101) 

6 0 At the intersection of 15 6 18 at 3.5 196 20 14 14 21 21 100 
Hi-Mount Road and percente 

Stratford Road and 
in Northwestern 
Avenue north of Hi-
Mount Road (101) 

6 2 At the intersection of 15 12 18 at 3.5 210 20 14 14 21 21 100 
Hi-Mount Road and percente 

Stratford Road and 
in Northwestern 
Avenue north of Hi-
Mount Road (101) 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and RCP = reinforced concrete pipe. 

a City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

cFlow limited to storm sewer capacity. 

d Branch 1, Reach 6 is an 18-inch-diameter RCP in parallel with a 24-inch-diameter RCP. 

eManhole 72 invert elevation lowered to 910.8 feet National Geodetic Vertical Datum. 

Source: SEWRPC. 

hydrologic unit. Each, when expanded to include 
the non point source pollution control measures 
recommended in Chapter IV of this volume, 
would achieve the same degree of abatement of 
nonpoint source pollution. Thus, the principal 
criteria for the comparative evaluation were 
reduced to cost and implement ability. 

Alternative F-1 is less costly than Alternative 
F-2 and would be more easily implemented since 
it would involve replacement of storm sewers 
within existing rights-of-way and easements and 
it would not require purchasing land now in 
private ownership for the provision of detention 
basins. 

Recommended Storm water Management Plan: 
On the basis of a comparative evaluation of the 
two alternative plans, Alternative Plan No. F-1, 
Storm Sewer Conveyance, is recommended for 
adoption in this hydrologic unit. The compo-

nents and costs of the recommended plan are set 
forth in Table 9 and the approximate location, 
alignment, and configuration of the recom
mended facilities are shown graphically on 
Map 14. 

Hydrologic Unit MR-G 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-G is a 0.10-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, about 94 percent of the hydrologic 
unit is developed in urban land uses. Under 
planned year 2010 conditions the hydrologic unit 
would virtually be completely developed for 
urban uses. Those uses, predominantly medium
density residential, would also include high
density residential, commercial, and government 
and institutional uses. The existing storm water 
management system consists of roadway curbs 
and gutters, storm sewer inlets, and storm 
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LEGEND 

Map 9 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-C, MR-W, MR-X, MR-Y, MR-AX, MR-AY, MR-AZ, AND MR-BA 

HYDROLOGIC UNIT eOUNDARY UNDE R 
EXI STI NG DRA INAGE CONDITI ONS 

MR- AY 'HOROLOGIC UNIT IDENTIFICATION 

SUBBA SI N BOUNDARY 

MR 310 SUBBASIN IOENTlflCIHION 

• 
'0 

SUBBASIN OUTLET 

LI MITS Of PLANNED URB AN SERVICE AREA 

PROPOSED MANHOLE 

PROPOSED STORM SE w ER 
(SIZE IN INCHES) 

PROPOSED OPEN CHANNEL 

NO TE II PIPES ARE CONSTRUCTED OF 
REI NFCRCEC CO NCRETE. 

2.1 THIS ALTE RN ATI VE WA S NOT 
DEVELOPED FOR HYDROLOGIC 
UNITS MR _C, MR_w , MR- X, MR_Y. 
MR_ A X, ),' R-AZ, AND MR-BA 
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Map 9 (continued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-F. MR-G. MR-Z. MR-AA. MR-AB. MR-AC. MR-AD. MR-AG. AND MR-AH 

LEGEND 
HYDROLOGIC UNIT BOU NDARY UNDER 
EXISTING DRAINAGE CONDITIONS 

MR-F HYDROLOGIC UNIT IDENTIFICATION 

SUBBASIN BOUNDARY 

MR 294 SUBBASIN IDENlIFICATfON 

" 
• 

SUBBASIN OUTLET 

EXISTING STORM SEWER TO Sf 
RETAINED ISIZE IN INCHES) 

EXISTING MANHOLE OR CATCH8A$IN 

PROPOSED REPLACEMENT STORM SEWER DESIGNED 
FOR 10_ YEAR STORM (SIZE IN INCHES) 

PROf'OSED REPLACEMENT STORM SEWER DESIGNED 
FOR IOO-YEAR 5TCRI>IISIZE IN I'JCHESJ 

_ ~ _ PROPOSED STOflM SEWER (SIZE IN INCHES) 

• PRQf'OSED MAN'-!OLE 

eMP 

HE 

RCPA 

'"' 

EXISTING CONSTRUCTED DETENTION BASIN 

CORRUGATED METAL PIPE 

HORIZONTAL ELWPTICAL REI NFORCED 
CONCRETE PIPE 

REINFORCED CONCRETE PIPE toRCH 

POLYVINYL CHLORIDE 

cr CAST IRON 

NOTE: L) PIPES ARE CONSTRUCTED Of REINFORCED 
CONCRETE UNLESS DESIGNATED AS ABOVE. 

2) THIS ALTERNATIVE WAS NOT DEVELOPED 
fOR HYDROLOGIC UNITS MR_ G, MR_ Z, MR -AA. 
MR_AB. MR-AC, MR-AD, MR-AG. AND MR-AH. 
THEREfORE. THE EXISTING SlOflM SEWER 
SYSTEM IS SHOWN FOR THOSE UNIlS. 

t 
MILWAUKEE RIVER ORAJNAGE AREA 
HYDROlOGIC LtlfT LOCATION IoIAP i-T -T-r- r -l---l 

I II i '" "' : 14 • '" , >:r , 

1----' I-__ ~ " . 
. I"" ~ , 
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Map 9 (continued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORM WATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-AE, MR-AF, MR-AI, MR-AJ, MR-AK, MR-AU, AND MR-BB 

LEGEND 

HYDROLOGIC UNIT BOUNDARY UNDER 
EXIS n NG DRAINAGE COl.,()mON$ 

MR-AE HYDflOLOGIC UNIT IDENTIFICATION 

SUBBASIN BOUt-IDARY 

MR 3 6.5 WBBASIN IDENTIf"ICATION 

• 
" 
" 
• 

eM' 

CLAY 

Rep:.. 

eve 

CI 

NOTE: 

SUEIBASIN OUTLET 

EXISTING STOR'" SEWER TO BE 
RETAINED (SIZE IN INCHES) 

EXISTING MANHOLE OF! CATCHBASIN 

PROPOSED REPLACEM[NF STORM SEWER 
OESIGHEO FORID- YEAR STOAt.! (Silt iN INCHES) 

PROPOSED REPLACEMENT STORI,4 SEWER 
DESIGNED fOR 100- YEAR STORM (SIZE IN INCHES) 

PROPOSE:D MAI+iOLE 

PROPOSED OPEN CHANNEL 

COORtlGATED METAL PIPE 

HORIZONTAL ELLIPTICAL REINFORCED 
CONCRETE PIPE 

CLAY PIPE 

REINFORCED CONCRETE PIPE ARCH 

POLYVINYL CHLORIDE 

CAST IRON 

IJ PIPES ARE CONSTRUCTED Of REINfORCED 
CONCRETE UNLESS DESIGNATED AS ABOVE. 

2.) DUE TO MAP SCALE LIMITATIONS SOME 
STORM SEWER SIZES IN CONGESTED AREAS 
ARE NOT SHOWN. 

Jol THIS ALTERNATIVE WAS Nor DEVELOPED FOR 
HYDROLOGIC LI<IITS MR.AF. MFI .AJ. MR·AJ. 
MR-AK. AND MR_BB. THEREFORE, THE 
EXISTING STORM SEWER SYSTEM IS SHOWN 
FOR THOSE UNITS. 
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Map 9 Icontinued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

LEGEND 
H'JOROLO:>'C UNIT BOUNDARY UNDER 
E.,STlNG DRAINAGE CONomo,s 
HYDROLOGIC UNIT IDENTIFICATION 

SUBBASIN BOUNDARY 

SUBBASIN rOENTlfICIIT!()tII 

SUBI!AS!N OUTLET 

EXISTING STORM SE WER TO BE 
flETA )<f[O lSIZE IN INCHESI 

EXISTING MANHOLE OR CATCHBASIN 

PAO"OSED REPLACE~e:NT STORM S('''''ER O£SlGNf;O 
FOR IO-YE AR STOI<M IS'lE IN INCHESI 

PROPOSED REPLIICE Io!ENT STORM SEWER C£SlG.\EO 
FOA 100-YEAR STORM ISI'ZE IN INCHES! 

PROPOSED MANHOLE 

HYDROLOGIC UNITS MR-J AND MR-K 

- PROPOSED AlNCTION sox 

[XISnNG NATUft"'L DETENTION 
OR RETEN1"1ON STORAGE MEA 

eM" CORRUGATED METAL PIPE 

CMPt. CORqUGATED METAL PIPE ARCH 

HORl20NTAL ElLIPTlClIL REINFORCED 
CONCRETE PIPE HE 

CLAY CLAY PIPE 

CAST RON 

II P,"H ARE :::ONSTFtt..CTEO OF AE NFOIICEO 
CO'loCREl[ UNLESS DESIGNATEO .loS Aeove: . 

2.1 THIS t.LTERNATl',lE wl.S NOT D£VELOPEO 
FOil HYDROLOGIC UNIT MR.')' THER£J'o<IE. 
THE EX,STING STORM SE ..... ER SYSTEI,I IS 
SHOWN rOR THAT UNIT. 

MlLWAlI(EE RIVER DRAINAGE AREA 
1i'r'DROL0GIC lHT LOCATION MAP 
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Map 9 (continued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

MILWAUKEE RIVER DRAINAGE AREA 
HYOROLQG!C IJIfT LOCATICfI MAP 

~T~-l-- , . 
7'I:,j.:li"~:'t.~...p,r-+i -'::--f:; 
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HYDROLOGIC UNITS MR-L AND MR-AV 

LEGEND 
HYDROlOGIC UliIT BOUt-«lAAY 
UNDER EXISTING DRAINAGE 
COHDfTIONS 

MR-L tffQROLOGIC UNIT IDE NTIFICATION 

SueSASfN 800NDARY 

,WR Il! SUBBASIN IDENTIFICATION 

SUBBASIN OUTLET 

'0 EXISTING STORM SEWER TO BE 
RETAINED (SIZE IN INCI1ESi 

• EXISTING MANHOLE OR CATCHBASiN 

EX.sTING OPEN CHANNEL 

~ PROPOSEO REPLACEMENT STORM 
SEWER OESK;NEO FOfIIO-YEAR 
STORM ISiZE IN INCHES) 

~ PRoPOSED REPLACEMENT srOln.1 
SEWER DESIGNED fOR IOO-YEAR 
STORM )SlZE IN INCHES) 

-~-
PROPOSED STORM SEWER OR 
CULVERT DESiGNED FOR IOO-YEAR 
STORM )SiZE IN INCHES) 

• PROPOSEO MANHOLE 

• PROPOSED JUNCTION !'lOX 

~ 
E_ISTING NATURAL DETENTION OR 
RETENTION STORAGE AflEA 

CO" CORRUGATEO lolETA!. PIPE 

"' 
HORIZONTAL ELLPTlCAL 
REINfORCED CONCItETE PIPE 

"',. REINFORCED COHCltETE PIPE .lRCH 

"'" POLYVINYL. CHLORIDE 

,W. CORRUGATED METAL PIPE ARCH 

NOTE: PIPES ARE CQHSTRUCTEP Of 
R(lNFQRCEO COtiCR£TE lNLiSS 
DESIGNATEO AS AIIOVE. 

t 



Map 9 (continued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-M, MR-S, AND MR-AL 

LEGEND 
HYOROLOGIC UNIT BOUNDARY UNDER EXISTING 
ORAINAGE CONDITIONS 

"'R-M HYDROLOGIC UNIT IDENTIFICATION 

SUElBAS(N BOUNDARY 

Io4R-206 SUBBb.$I'< tOEN-FICATION 

• 

• 

CLAY 

NOTE 

SUBBASiN OUTL ET 

£JuSTING STOft"4 SE .... 'ER TO 8[ RfTll/NED 
ISIZE IN INCHESI 

EXISTING MAfI.HOlE OR CATCI'IBASIN 

[lUSTING OPEN CHA/\NEL 

PROPOSED REPLACEMENT STORM SEWER DESIGNED 
FOR IO_YEAR STORM (SIZE IN INCHES) 

PROPOSED REPLACEMENT 5TOO,\4 SEWER DESIGNED 
FOR IOO_YEAR STORM (SIZE IN INCHES) 

PROPOSED MANHOLE 

CORRUGATEO ME TA L PIPE 

CORRUG4TED METAL PIPE ARCH 

HQflIZONTAL ELLIPTICAL REINFORCEO 
CQt;CRETE PI"E 

CLAY P'PE 

U PIPES ARE CONSTRUCTEO Of REINFORCED 
CONCRETE UM...£SS OESIGNATED AS ABOVE. 

2J TtlIS ALTERNlI.TIV[ WAS NOT DEVELOPED FOR 
HYDROLOGIC UMTS MR_S ANO MH_AL. 
THEREFORE. tHE EXISTING STORM SEWER 
SYSTEM IS SHOWN FOR THOSE UNITS. 

t 
..... _IC'O'U: 

MlLWA~EE RIVER ORAINAGE AREA 
HYOROLOGIC \.tilT LOCATlON IoIAP i-r-T- -T--r --l---l 

I 103 i'" " ' '''''',,,, 
l----. I , • • , ----:t .... 
I . 
~_ L 
i " I II 

'r----f--::·L 
, I i • I I!f .. r----+-. -

i • i • 
~_t_ --.1 __ _ 
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Map 9 (continued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-O AND MR-P 

LEGEND 

HYDROLOGIC UNIT BOUNDARY UNDEA 
EXISTING DRAINAGE CONOtTIONS 

MR-P HYDROLOGIC UNIT lOENnFICATION 

SUBBASIN BOUNDARY 

MR ~a) SiAlBASIN IDEmlflCATION 

" 
• 
'0 

Ch!P 

"'" 
NOTE: 

SU9SASlN OUTLET 

El(lSTING STORM SEWER TO BE 
RETAINED (SIZE IN INCliESI 

EXISTING MA~E OR CATCHBASIN 

PROPOSED REPLACEMENT STORM 
SEWER DESIGNED FOR to-YEAR 
STORM (SI1E IN INCHES) 

CORRUGATED h£TAl PIPE 

POlVVIIfI'L CHLORIDE 

U PIPES ARE CONSTRUCTED OF 
REINFORCED c;()NCRETE UM..ESS 
DESIGNATEO AS ABOvE. 

2J THts ALTEANilInV[ WAS HOT 
DEv8..Of'£O FOR HYDROLOGIC UNrT 
MIl -D. THEREfORE. THE EXISTING 
STORM SEWER SYSTEM IS SHOWN 
FOR THAT UNIT. 
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Map 9 (continued) 

STORM SEWER CONVEYANCE ALTERNAT)VE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-Q, MR-AM, MR-AN, MR-AO, MR-AP, MR-AQ, AND MR-8C 

LEGEND 
rlYOROlOG IC ~IT BOUNDARY UNDER 
EXISTING DRAINAGE. CQNi>!TION$ 

rf"OROlOGIC ~IT IDENTIFICATION 

SUIlBAS,N tlOUNDARY 

SU68A$;N lDENTFI(:ATI()ti 

SUBBASN OUTLET 

EXISTING STOR"I 5(· ... '(11 TO 8[ 
RETAINEO {SIZE IN N!;HES) 

EXISTIII,G MANHOLE OR CATCHBIlStN 

PROPOSED REPLACEM[JH STORM SeWER 
O(SIGNEO FOF! 10-"ElIFt STORM (SIZE IN INCHESI 

!'ROPOStO STORM SEWER OR CUlVERT 
(SIZE IN ~CI1ESI 

• 
WO 24 

I22Zl 
'"" 

MLWAlIKEE RIVER OAAIH~E AREA 
HYDROLOGIC LWIT LOCATION NAP 

r~T:-T T. ! 1 
~~~~~~~~~~'~~~.' , "- 1----

PROPOSED MANHOLE 

PROPOSED OPEN CHANNEL 

PERMANENT POND AREA OF PROPOSEO 
WET CETENTION BASIN A!>.(l DESIGNATION 

COfUIVGATEO W..e:TAL P!!'E 

DECORAH IIQ. 

O,'PA CORRUGATED t.£TAL PIPE ARC!1 

U PIPES ARE CONSTRUCTED OF R[IN'-ORCED 
CONCRETE UM..ESS OESIGNATEC 0.5 A60Vl:.. 

2.1 THIS ALTERNATIVE WAS NOT DEVELoPEO FOR 
HYDROLOGIC IA'IITS MR-D, MR _AN, MR-AD, 
MR _AP, AND MR _AO. THEREl'DAE. THE 
EXISTING STORM SEWER SYSTEM IS SHOWN F~ 
THOSE LlNITS. 
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Map 9 Icontinued) 

STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR 
STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

LEGEND 
HYDROLOGIC UNIT BOUNDARY UNDER 
EXISTING DRAINAGE CONOfTlQNS 

HYDROLOGIC UNITS MR-AR, MR-AS, MR-BD, AND MR-BE 

MR-AS HYDROLOGIC UMT IDE~IFICATKlN 

SUBBASIN BOUNDARY 

MA 48 SUBBASIN I::)ENTlfICATlON 

• 
--'-
• 

NOl E 

SUBBASIN OUTL ET 

UMIl"S Of" PLA"INED URBAN SERVICE ARE,O. 

EXISTING 5TOI<r.! SEWER TO BE 
RETAINED ISIZE IN INCHES) 

EXlSriNG MlI,NHOLE OR CATCHBASIN 

P!~OPOSEO REPLACEI.'£NT STORM SEWER 
OESJGNED FOR 10-YE AR STORM (SJ'ZE IN INCHES) 

PRoPOSED MANHOt..E 

l ) PIPES ARE CO~STRUCTEO Of' REINFORCED CONCRETE. 

2.! THIS ALTERNATIVE WAS NOT O£VELOFEO FOR 
HYDROLOGIC UNITS "'.R_AR. !>IR_BD, AND MR-BE. 

Source: SEWRPC. 
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Table 14 

ALTERNATIVE F-1: COMPONENTS AND COSTS FOR THE STORM SEWER 
CONVEYANCE STORMWATERDRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-F 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit 

F 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 

12. 

Project and Component Descriptiona 

Replace 673 feet of 21-inch storm sewer in Skyline 
Drive between Barton Avenue and Barbie Drive with 
38-inch by 24-inch HE storm sewer ............ . 
Replace 24 feet of 12-inch storm sewer in easement 
east of Acorn Road and west of Skyline Drive with 
21-inch storm sewer ...................... . 
Replace 380 feet of 12-inch CMP storm sewer in 
easement east of Acorn Road and west of Skyline 
Drive with 21 -inch storm sewer . . . . . . . . . . . . .... 
Replace 29 feet of 21-inch storm sewer in Acorn 
Road between Parkfield Drive and Briar Road with 
38-inch by 24-inch HE storm sewer ............ . 
Replace 329 feet of 18-inch storm sewer in Acorn 
Road between Parkfield Drive and Briar Road with 
38-inch by 24-inch HE storm sewer ............ . 
Replace 308 feet of 1 5-inch storm sewer in 
Briar Drive north of Acorn Road with 30-inch by 
19-inch HE storm sewer .................... . 
Replace 330 feet of 1 8-inch storm sewer in 
Acorn Road west of Parkfield Drive with 
24-inch storm sewer ...................... . 
Replace 390 feet of 30-inch storm sewer in easement 
between Jackson Street and Hi-Mount Road with 
42-inch storm sewer ...................... . 
Replace 58 feet of 30-inch storm sewer in Stratford 
Road between Jackson Street and Hi-Mount Road 
with 42-inch storm sewer ................... . 
170 feet of 21-inch storm sewer in easement north 
of Jackson Street and west of Salisbury Road ..... . 
Replace 231 feet of 36-inch by 22-inch CMPA in 
easement between Northwestern Avenue and 
Stratford Road with 42-inch storm sewer ........ . 
Replace 153 feet of 50-inch by 31-inch CMPA in 
easement between Northwestern Avenue and 
Stratford Road north of Hi-Mount Road with 
42-inch storm sewer ...................... . 

13. Replace 123 feet of 36-inch storm sewer in 
easement west of Northwestern Avenue into the 
Milwaukee River north of Hi-Mount Road with 
48-inch storm sewer ................... ... . 

14. Replace 168 feet of 50-inch by 31-inch CMPA in 
easement west of Northwestern Avenue and into 
the Milwaukee River north of Hi-Mount Road with 
42-inch storm sewer ...................... . 

15. Replace 130 feet of 24-inch storm sewer in 
Northwestern Avenue and west of Northwestern 
Avenue with 18-inch storm sewer ............. . 

16. Replace 60 feet of 24-inch storm sewer in 
Northwestern Avenue and west of Northwestern 
A venue with 1 8-inch storm sewer ............. . 

and Maintenancec 

$114,000 $ 0 

2,000 0 

36,000 0 

5,000 0 

56,000 0 

38,000 0 

37,000 0 

87,000 -70 

13,000 -10 

12,000 70 

52,000 -40 

34,000 o 

31,000 o 

43,000 o 

11,000 o 

5,000 o 
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Table 14 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

F 17. Replace 196 feet of 15-inch storm sewer at the 
(continued) intersection of Hi-Mount Road and Stratford Road 

and in Northwestern Avenue north of Hi-Mount 
Road with 18-inch storm sewer . . . . . . . . . . . . . . . . $ 16,000 $ 0 

18. Replace 21 0 feet of 1 5-inch storm sewer at the 
intersection of Hi-Mount Road and Stratford Road 
and in Northwestern Avenue north of Hi-Mount 
Road with 18-inch storm sewer ................ 17,000 0 

- - Total $609,000 $-50 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; 
and HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b'nc'udes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lesser operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

sewers. There are no identified intermittent or 
perennial streams within the hydrologic unit 
and the storm sewers discharge directly to the 
Milwaukee River. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in Table 17, 
a comparison of the existing 10-year recurrence 
interval storm flows with the capacities of the 
existing storm sewers shows that many sewers 
have inadequate capacities to meet the minor 
system requirement of passing the peak rate of 
runoff from a 10-year storm. In addition, major 
system capacity problems were identified at two 
locations where ponding in mid-block sags in the 
road could result in overland flow and flooding 
of buildings: 1) at the T intersection of Sunset 
Ridge Road and Adams Street and 2) in Jefferson 
Street east of 11 th Avenue. 
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Alternative Storm water Drainage Plans: The 
following two alternative storm water manage
ment plans were considered for Hydrologic 
Unit G: 1) a storm sewer conveyance plan and 
2) a storm sewer conveyance with decentralized 
detention plan. 

Alternative Plan No. G-!, Storm Sewer Convey
ance: This alternative plan calls for the provi
sion of replacement storm sewers to abate 
existing storm water runoff problems and to 
serve planned new urban development effec
tively. This alternative includes 2,610 lineal feet 
of replacement storm sewer, ranging in size from 
24-inch-diameter reinforced concrete pipe to 
45-inch-wide by 29-inch-high horizontal elliptical 
reinforced concrete pipe. Map 14 shows the 
approximate location and alignment of the 
replacement storm sewers proposed under this 
alternative. Table 17 presents a comparison of 



LEGEND 

Map 10 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-C, MR-W, MR-X, MR-Y, MR-AX, MR-AY, MR-AZ, AND MR-BA 

HYDROLOGIC UNIT BOUNDAR Y UNDER 
EXISTING DRAINAGE CONDITIONS 

MR-AY HYDROLOGIC UNIT IDENTIFICATiON 

~310 

• 
, 

AY-I 

D 
NOTE 

SUBBASIN eQUNOARY 

SUBBASIN IDENTIFICATION 

SUBBASIN OUTLET 

LIM ITS or PLANNED URB AN SER VIC E AREA 

PROPOSED MAN HOLE 

PROPOSED STORM SEWER 
ISIZE IN INCHES) 

PROPOSED OPE N CH ANNEL 

PROPOSED DRY DETENT ION BASIN 
AND DES IGNAT ION 

I I PIPES A RE CONS rFlUCTEO OF 
REINFORCED CONCRETE 

2.1 THIS ALTERNATIVE ..... AS NOT DEVELOPED 
FOR HYDROLOGIC UNITS MR _C, MR_W, 
MR-X. MR-Y. MR- AX . MR-AZ. AND MR-SA. 

MILWAUKEE RIVER DRAINAGE AREA 
H'l'OROLOGIC UNIT LOCATIOH MAP 

, -- I ------T~;;r---l---l 
\ »' ''' 1-" "'~R~ .. , ,., , 
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Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-F, MR-G, MR-Z, MR-AA, MR-AB, MR-AC, MR-AD, MR-AG, AND MR-AH 

LEGEND 
HYDROLOGIC UNIT BOUNDMY UNDER 
E)(ISTING ORAINAGE CONDITIONS 

MR-F HYDROLOGIC UNn IDENTIFICATiON 

SUBBASIN SOU'JOARY 

t.tR 294 SUBBASIN IOENTlI'ICAT'<lN 

" 
• ,. 

Su98ASlN OUTLET 

EXISTI'lG STORM SEWER TO 8E 
/fETAINEO IS'ZE N l'JCHESJ 

EXJSTltlG MolNMOl£ OR CATCH8AS,N 

PROPOSEO REPLACEMENT S"'O=;M SEWER DES'GNED 
FOR IO.Y£M 5TOR'" ISIZE ,." ,.,CHES) 

.. PROPOSED REPLACEMENT STORM S(' .... ER DESIGNED 
FOR IOQ.YEAR STORIoIISlZE IN l'lCHESJ 

I;> PROPOSED STORM SEWER (SIZE N NO,ES) 

• PRoPOSED MANI-IOLE 
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PROPOSED ORY DETENTION BASIN 
AND DESIGNATION 

EXISTING CONSTRUCTED DETENTION BASIN 

eMf> CORRUGATED METAL PIPE 

tiO'llZONTAL ELLIPTICAL REINFORCED 
CONCRETE PIPE 

RePA REINfORCED CONCRETE PIPE ARCH 

PVC POLYVL~YL CHLORIDE 

jl;OTE 

CAST IRON 

LI PIPES ARE CONS-RelCHO Of RE r.fORCEO 
CO'-iCRETE UNLESS OES;GNATEO AS ABOVE. 

V THIS ALTERNATIVE WAS MlT DEVE .. O"ED 
FOR HYDROLOGIC lJ';·S "'R-G. ~R-l. MR-AA. 
)lR-AB. )lR.D.C. !,!R·AD. rJR· AG. ANO!JR 4.H. 
-HEREFORE. THE EXIS nNG STOftM SEWER 
SYSTEM IS SHOWN FOR THOSE UNITS 
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Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR·H AND MR·T 

LEGEND 

HYDROLOGIC UNIT BOUNDARY UNDER 
EXISTI~ DRAINAGE CONDITIONS • PROPOSED MANH04...E 

we 2~ PERMANENT POOD AREA OF PROPOSED WET 
HYOROLOGIC UNIT BOUNDARY UNDER c:::3 DETENnON IIASIN AJ«l DESIGN;)'TlQN 
PLANNED DRAINAGE CONJfTlOUS 

HYDROlOGIC lJt'IlT IDENTIFICATION WO 25 PROPOSED DUAL.PUftPOSE DETENTION 
1=1 IIASlN ANO DESIGNATION 

SIAIBASIN ElClUM)ARV 

~ EXISTING NAT1.JAAL. DETENTION OR 
Sl.I!BASIN IDENTIfICATION RETENTION STORAGE AREA 

SLeBAS!N OUTLET HE 
I-IQftIZONTAL ELlIPTICAL 
REINFORCED CQfIICRETE PIPE 

LIMITS OF PLANNED URBAN 
NOTE : U PIPES ARE CONSTRUCTED Of SERVICE AREA 

REINFORCED CONCRETE. 

EXISTING CULVERT ISIZE IN INCHES) 

t 
...-.uu 

2J THIS ALTERNATIVE WAS NOT OEVE1.OPED ... "co""""_,......, .... o 
fOR HYDROLOGIC UNIT T. THEREfORE. THE 

PROPOSED STORM SEWER EXISTING STORMWATER MANAGE/,£NT 87 ISIZE IN INCHES) 5YSTfW lS SHOWN FOR THAT UNIT. 
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Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-AE, MR-AF, MR-AI. MR-AJ, MR-AK, MR-AU , AND MR-BB 

LEGEND 

HYDROLOGIC UNIT BOUNDARY UNDER 
EXISTING DRAINAGE CONDITIONS 

MR- AE HYDROlOGIC UNIT IDENTIfICATION 

SUBBASIN 80I.JNDARY 

WI 365 SUBBASIN IDENTifiCATION 

• 

,. 

• 
AE_2 

D 
CMP 

CLAY 

ReP. 

pVC 

CI 

NOTE: 

SUBBASIN OUTLET 

EXiSTING STOOM SEWER TO BE 
RETAINED (SIZE IN IOCHESI 

EXISTING MANHOl.E OR CATCKfjASIN 

PROPOSED REPLACEMENT STORM SEWER 
DESIGNED FOR 10-rEAR SlooM (SIZE IN INCHES) 

PROf'OSED REPLACEMENT STORIoI SEWER 
DESIGNEO fOO 100-YEAR STORM ISiZE IN INCHES) 

PROPOSED STORM SEWER OR CUlVERT 
[SIZE IN INCHES) 

PROPOSED MAMiOLE 

PROPOSEO OPEN CHANNEL 

PROPOSED ORY DETENTION BASlN 
ANO DESIGNATION 

CORRUGATED METAL PIPE 

CLAY PIPE 

REINFORCEO CONCRETE PIPE ARCH 

POLYVINYL CHLORIDE 

CAST IRON 

U PIPES ARE CONSTRtJCTEO Of" REJNFOACEO 
CONCRETE U""-.ESS DESIGNATED AS ABOVE. 

2J DUE TO MAP SCALE U MrTATIONS SOME 
STOftM SEWER SIZES IN CONG£STED AREAS 
ARE NOT SHOWN. 

3J THIS ALTERNAnVE WAS NOT DEVELOPED FOR 
HYDROlOGIC UNITS MR-Af, oYfI-AJ, MR-AJ, 
MR-At<, AMI MR-88. THEREFORE. THE 
EXISTING STORM SEWER SYSTEM IS SHOWN 
FDR THOSE lA'IlTS, 

t 
MILWALt<EE RIVER DRAINAGE AREA 
HYDROlOGIC UNIT LOCATlON NAP 

T-l , . , 

""'~-!'-,~, l .. :.- ---l'''' 
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Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

LEGEND 
HVDROLOGIC UNIT eot.INDARY UNDER 
EXISTING DRAJ tlAGE CONDITIONS 

HYDROLOGIC lY'IlT IDENTIFICATION 

SUeBASIN eOIJN!)ARY 

SUBBASIN IOENTlFlCATION 

SUBBAS.N OUTLET 

(XISTlt.G STORM SEWER TO BE 
RETAINEO tSIZE IN INCH(SI 

(Xlsnt«; MANHOLE OR CATCHBASIN 

PROPOSED REPLACE~ENT STORM SEw ER DE~GNfD 
FOR 10· yE AR STORM (SIZE IN INCHES) 

PROPOSEO REPLACE"',ENT STORM SEWER OESIGNED 
FOR tOO_YE AR STORM (SIZE IN INCHES) 

PROPOSED MANHOLE 

PROPOSEO JUNCTION BOX 

HYDROLOGIC UNITS MR-J AND MR-K 

wo 4 

D 
C","P 

CIo!PA 

"' 

EXISTING NATLftAL DElENTION OR RETENTION 
STORAGE "'REA AND DE,s,GN4T1ON 

PROPOSED DRY DETENTION BASIN 
ANO DESIGNATION 

CORRUGATED M::TAI.. PIPE 

CORRUGATED M:;TAL P1"£ ARCH 

'1ORlZO~TAL ELLIPTICAL REINFORCED 
CONCRETE PIPE 

CLAY CLAY PIPE 

Cl CAS1RON 

NOTE: U PIPES ARE CONSTRUCTED ~ RE INHlI'lCEO 
CONC'IETE UNLESS DESIGNA"'EO AS ABOVE. 

21 THIS ALTERNATIVE WAS NOT DEVELoPED 
FOR iojYDROLOGIC UNIT MA.J. THEREFORE • 
THE EXISTING STOFIM SEWER SYSTEM IS 
SMOII'N FOR Tioj!i.T UNIT. 

89 



Map 10 (continuedl 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

MILWAIA<EE RNER ORAINAGE AREA 
HYDROlOGIC UNIT LOCATION MAP ,--r----:--r I -'---l 

I .. .. "', I , . , I » , 

~--. , ---~. , . r'" 
I i 

HYDROLOGIC UNITS MR-L AND MR-AV 

LEGEND 
tfYOft()I..OGIC UNIT BOlNlARY 
tNOEfl EXISTING DRAINAGE 

C""""".' 
l MR-L IfYOROLOGIC l.'41T IDENTifICATION 

SL6!IASIN 5QUNOARY 

IoIR I2 SUBBASIN IlENTlflCATIQN 

SU8BASrN OUTLET 

'" 
EXISTING STORM SEWER TO Sf 
RETAINEO (SIZE IN INCHES) 

• EXISTING MANHOLE Of! CATCH BASIN 

EXISTING OPEN CHANNEL 

...£.. PRoPOSED REPLACEMENT STORM 
SEWER OESIGNEO FOR IO_YEAR 
STORM ISm: IN INCHES) 

...£.. PROPOSED REPLACEMENT STORM 
SEWER OESIGNEO FOR ICO_YEAR 
STORM (SIZE IN INCHES) 

" 
PRoPOSED 5rOOM SEWER OR 
CUl...VERT DESIGNED FOR 100-YEAR 
STORM IS/ZE IN INCHES) 

• PROPOSED MANHOI...E 

PROPOSED JU'lCTION 80X 

EZ3 EXISTING NATURoIoL O€TENTION OR 
RETENTION STORAGE AREA 

C·, PAOPO$£O DRY DETENTIOfII 811.SIN 

0 AND DESIGNATION 

CMf' CORRUGATED ",(TAL PIPE 

"" 
HORIZONTAL ELU'nCAL 
REiNfORCED CONCRtTE PIPE 

",.. REINFORCEO CONCRETE PIPE ARCH 

PVC POLYVINYL CJoilORIOE: 

NOTE· U PIPES ARE CONSTRUCTED Of 
REINFORCED CONCRETE utLESS 
DESIGNATED AS AI!lOVE. 

t 
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Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-M, MR-S, AND MR-AL 

LEGEND 
HYDROLOGIC UNIT BOUNDARY LINDER [)lIST ING 
ORtiINAG( C0f-4DlTIONS 

MR-M HYDROLOG IC UNIT IOENTlflCAllON 

SUBSASIN BOUNDARY 

IoIR 206 SUBBASIN IOENTIfICATION 

SUBBAS!N OU TLET 

- "-
EXISTING STORM SEWER TO BE RETAINED 
(SIZE IN INCHES) 

• 

• 
"-, 

( XIST ING MANHOlE OR CATCH BASIN 

EXISTING OPEN CHANNEL 

PROPOSED REPlol.C(M(NT STORM SE WER OESIGNED 
FOR 10-YEAR STORM (SIZE IN INCHES) 

PROPOSED REPLACEMENT STORM SEWER DESIGNED 
FOR 10Q-YEAR STORM (SIZE IN INCHES) 

PROPOSED MANHOLE 

D 
PROPOSED DRY OETENTiON BASIN 
AND DESIGNATiON 

'M' 
C~PA 

CORRUGATED METAL PIPE 

CORRUGATED METAL PIPE ARet! 

HORJZONTAL ELLlf'TICAL REINFORCEO 
CONCREl E PIPE 

CLAY PIPE 

NOTE · U PIPES ARE CONSTRUCTED OF REINf ORCED 
CONCRETE utlLES$ D£SlGNATEO AS ABOVE. 

2J THIS ALTERNATIVE WAS NOT DEVELOPED FOR 
HYDROLOGIC lAIilTS MR-S ANO MR _AL. 
THEF<EFORE. THE E)(]STING STORM SEWER 
SYSTEM IS SHOWN FOft THOSE UNITS. 

t 
MILWAUKEE RIVER DRAINAGE AREA 
HYDROLOGIC UNIT LOCATlON MAP '-T--T--r-T --l---l 

! u ' ,.. , .. , .1£ , ... 
, 1 ' .. , 
1---- , I __ ~. " 
, I' "M 
I 'I ' , I e-- -~-, • I I I, • r----f--:.L -T>l'v:!-h" .... nrn-'7J-';l 
I i I 
j---t ' "'1_ -,,"iiC-~:~L1\. 
, ,., , n I., 
I I ' L __ ' _ _ --.l __ 
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Map 10 Icontinued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-O AND MR-P 

LEGEND 
HYDROLOGiC UNIT BOUNDARY UNDER 
EXISTING DRAINAGE CONDITIONS 

MR-P HYOROLOGIC UNIT IDENTIFICATION 

SUBSASIN BOUNDARY 

MR 383 SUBSASIN IDENTifiCATION 

SLe8ASlN OVTLfT 

" 
• 
'0 

., 
• 

.os 
D 
,., 

"' 
NOTE: 

EXISTING STORM SEWER TO BE 
RETAINED (SIZE IN INCHES) 

EXISTING MANHOLE OR CATCHBASIN 

PROPOSED R£PLACEMEN> STORM 
S(WtR DESIGNED FOR IO-YEAR 
STORM ('sIZE IN INCHES) 

PROPOSEO STORM SE'NEfI OR 
etA.vERT ISiZE IN INCHES) 

PROPOSED MANHOLE 

PROPOSED DRY DETENTION BASIN 
AND DESIGNATION 

COAAUGATEO METAL PIPE 

HORIZQtlTAL fLUPTICAL REI NfORCED 
CONCRETE PIPE 

POLYVINYL CHLORIOE 

U PIPES ARE CONSTRUCT'ED Of" 
REINfORCED CONCR£TE ut.t..£ss 
DESIGNATED AS ABOVE. 

2J THIS ALTERNATIVE WAS NOT 
DEVELOPED FOR HYOROLOGIC UNrT 
hfI:-O, THEREFORE, THE EXISTING 
STORM SEWER SYSTEM IS SHOWN 
FOR THAT UNIT. 

t 



Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

HYDROLOGIC UNITS MR-Q. MR-AM. MR-AN. MR-AO. MR-AP. MR-AQ. AND MR-BC 

MLWAUKEE RIVER DAAINAGoE AREA 
HYDROLOGIC iA'llT lOCA~ MAP ,"-T-----T---,- .l 
,~ ~ M I ~ 

MR-Q 

LEGE ND 
HYOROlOGIC I,XIIIT BOUNOAAY (..tIOER 
EJ(jSTING DRAlNAGE COf~OtnoNS 

HYDROlOGIC UNIT IDENTIFICATION 

SUB!!tlSlI18OUNOARY 

MR 602 SlI!IBAS N ID[NTlf";CATION 

SI.eBAsm CUTLE T 

• 

• 

fX,STI\G STORM SE 'NER TO BE 
RE TAINED ISIZE I" INCHES) 

£ )(lS"!"ING MA>;HOL£ OR CATCtlfiASN 

PROPOSED REPLACEMENT 5 TO:;;M SE WER DE
SlC.t.e:::. FOR IQ_YE AP STOAI." (SI ZE IN T'iCrle:SI 

PROPOSED ""AN-0LE 

11, 111 _1 

D 

PROPOSED STORM SEWER OR ClA.VERT 
(SIZE IN IOCHESI 

PROPOSED DRY DETENTION BASiN 
AND DESlGN4T1QN 

CWP CORRUG AT[D M(;AL PIPE 

eMP:' CORRUGATED uETAL PIPE ARCH 

NOTE 

I-IORIZONUl ELLIPTICAL 
REINFORCED CONCRETE PIPE 

U PIPES AA( CONSTRUCTED OF" REINFORCEO 
CONCRETE UNLESS DESIGNATED AS A90VE. 

2J nus ALTERNA-(\I£ "'AS NOT DEVELOPED FOR 
t t \'tlRQLOGIC Lltl lTS MR _Q, MR· AN. /.'oR AD, 
I.IR 11,1', MR AO, ANO MR-BC, rHE:REfOIlE" THE 
(XISr;NG STOIlM SE WER SYSTEM IS SHOWN f"OIl 
rHOS!: UNIT~ 

RD. 
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Map 10 (continued) 

STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 

LEGEND 
HYOROLOGIC UNIT eOV""AA'I' lNODER 
EXISTING ORAINAGE CONDITIONS 

MR-AS HYDROLOGIC UNIT ICENTIFICATlON 

SUBeAS~ aOVOOARY 

MR 48 Sue8ASrN IDENTIFICATION 

• 
-~-

• 
Il10'028 

D 
we 28 

1=1 
NOTE: 

SU6SASIN OUTLET 

LI ~ITS OF PLANNED l.fI8A N SERVt<:E AREA 

EXISTING STORM SfWER TO BE 
RET6JNED [SIZE IN IHCHESI 

EXiSTlNG M;\.NHOLE OA CATCH6ASIN 

PROPOSED STOAM SEWER 15I2E IN INCHES) 

~OPOSEO MANHOLE 

PERMANENT POND AREA or PROPOSED 
WET OETENTION BASlN ANO DESIGNATION 

PROPOSED DUAL-PURPOSE DETENTION BA.SlN 
ANO DESIGNATION 

U PIPES ARE CONSTRUCTED OF 
REINFORCED CONCRETE. 

HYDROLOGIC UNITS MR-AR, MR-AS, MR-BD, AND MR-BE 

:2.1 T~IS ALTERNATIVE '/IllS NOT DEVEt..OPED FOR 
HYDROLOGIC UNITS MR. AR, MfI.BO. A.ND MA_BE. 

Source: SEWRPC. 
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Table 15 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF 
STORM SEWERS: ALTERNATIVE F-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 
Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Reach Locationa (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

0 In Skyline Drive 21 B 38 by 24 HE 673 20 8 8 8c 15 100 
north of Barbie 
Avenue and south 
of Barbie Drive 
(100) 

2 In easement east of 12 9 21 24 25 11 11 15 22 100 
Acorn Road and 
west of Skyline 
Drive (100) 

In easement east of 12CMP 3 21 380 25 11 11 15 22 100 
Acorn Road and 
west of Skyline 
Drive (100) 

4 In Acorn Road 21 29 38 by 24 HE 29 76 28 28 50 56 100 
between Parkfield 
Drive and Briar 
Drive (100) 

In Acorn Road 18 13 38 by 24 HE 329 52 28 28 50 56 10 
between Parkfield 
Drive and Briar 
Drive (100) 

0 In Briar Drive north 15 7 30by19HE 308 23 15 15 29 29 10 
of Acorn Road 
(100) 

6 In Acorn Road west 18d 6 24 at 1.38 330 27 51 52 96 102 10 
of Parkfield Drive percent 
(100) 

In Acorn Road west 24d 25 Retain existing 320 25 51 52 96 102 10 
of Parkfield Drive 
(100) 

8 In easement between 30 40 36 at 1.65 390 86 62 63 115 121 10 
Jackson Street and percent 
Hi-Mount Road 
west of Salisbury 
Road (101) 

10 In Stratford Road 30 46 36 at 1.65 58 86 65 66 123 129 10 
between Jackson percent 
Street and Hi-
Mount Road (101) 

0 In easement north of New sewer New sewer 12 170 1.3 -- 0.8 -- 1.3 100 
Jackson Street and 
west of Salisbury 
Road 

12 Abandoned under this -- -- -- -- -- -- -- -- -- --
alternative 

14 In easement between 36 124 42 123 187 51 70 125 141 100 
Northwestern Ave-
nue and Milwaukee 
River (101) 

In easement between 50 by 31 82 42 168 185 51 70 125 141 100 
Northwestern Ave- CMPA 
nue and Milwaukee 
River (101) 
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Table 15 (continued) 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Vear 10-Vear 100-Vear 100-Vear Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 
Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach Locationa (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

4 0 In Northwestern 24CMP 5 lB at 0.B7 130 10 4 6 6 10 100 
Avenue and west percent 
of Northwestern 
Avenue (101) 

In Northwestern 24CMP 18 18 at 0.87 60 10 4 6 6 10 100 
Avenue and west percent 
of Northwestern 
Avenue (101) 

6 0 At the intersection of 15 6 21 at 2.2 196 24 14 14 21 21 100 
Hi-Mount Road and percent 
Stratford Road and 
in Northwestern 
Avenue north of Hi-
Mount Road (101) 

6 2 At the intersection of 15 12 21 at 2.2 210 24 14 14 21 21 100 
Hi-Mount Road and percent 
Stratford Road and 
in Northwestern 
Avenue north of HI· 
Mount Road (101) 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and RCP = reinforced concrete pipe. 

8 City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

cFlow limited to storm sewer capacity. 

dSranch 1, Reach 6 is an 18-inch·diameter RCP in parallel with a 24-inch..tJiameter RCP. 

Source: SEWRPC. 

peak flows and existing and proposed storm 
sewer hydraulic capacities. Table 9 presents the 
salient characteristics and estimated costs of the 
new and replacement storm sewers comprising 
this alternative plan. The total present value 
cost of this alternative plan is $425,000, consist
ing of an estimated capital cost of $426,000 and 
an estimated annual operation and maintenance 
cost decrease of $60 compared to existing 
conditions. 

Alternative Plan No. G-2, Storm Sewer Convey
ance with Decentralized Detention: Because of 
the lack of available open space in which to 
construct detention storage facilities, the only 
possible site for such a facility would be on the 
site of a 5.5-acre area of planned high-density 
residential development within the hydrologic 
unit. It was found that the provision of such 
detention storage would not enable the downsiz
ing of any proposed storm sewers and. would, 
therefore, be more costly than Alternative G-l. 
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Evaluation of Alternative Storm water Drainage 
Plans and Plan Recommendations: As outlined 
above, Alternative G-1, Storm Sewer Convey
ance, is the preferable alternative and was 
selected for this hydrologic unit. The compo
nents and costs of the recommended plan are set 
forth in Table 9 and the approximate location, 
alignment, and configuration of the recom
mended facilities, along with the non point 
source pollution control measures recommended 
in Chapter IV of this volume, are shown graphi
cally on Map 14. 

Hydrologic Unit MR-H 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-H is a 0.53-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, about 20 percent of the unit is 
developed in urban land uses. Under planned 
year 2010 conditions about 40 percent of the 
hydrologic unit would be developed in urban use, 



Table 16 

ALTERNATIVE F-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDRAULIC UNIT MR-F 

Estimated Cost 

Hydrologic 
Unit Project and Component Descriptiona Capitalb 

Annual Operation 
and Maintenancec 

F 1. through 7. 
Same components. as Storm Sewer Conveyance 
Alternative (see Table 14) ................... . 

8. Replace 390 feet of 30-inch storm sewer in 
easement between Jackson Street and Hi-Mount 
Road with 36-inch storm sewer ............... . 

9. Replace 58 feet of 30-inch storm sewer in Stratford 
Road between Jackson Street and Hi-Mount Road 
with 36-inch storm sewer ................... . 

10. 170 feet of 12-inch storm sewer in easement north 
of Jackson Street and west of Salisbury Road ..... . 

11. Replace 123 feet of 36-inch storm sewer in 
easement west of Northwestern Avenue into the 
Milwaukee River north of Hi-Mount Road with 
48-inch storm sewer ..................... .. 

12. Replace 168 feet of 50-inch by 31-inch CMPA in 
easement west of Northwestern Avenue and into 
the Milwaukee River north of Hi-Mount Road with 
48-inch storm sewer ...................... . 

13. Replace 130 feet of 24-inch storm sewer in 
Northwestern Avenue and west of Northwestern 
Avenue with 18-inch storm sewer ............. . 

14. Replace 60 feet of 24-inch storm sewer in 
Northwestern Avenue and west of Northwestern 
Avenue with 18-inch storm sewer ............. . 

15. Replace 196 feet of 15-inch storm sewer at the 
intersection of Hi-Mount Road and Stratford Road 
and in Northwestern Avenue north of Hi-Mount 
Road with 21-inch storm sewer . . . . . . . . . . ..... . 

1 6. Replace 21 0 feet of 1 5-inch storm sewer at the 
intersection of Hi-Mount Road and Stratford Road 
and in Northwestern Avenue north of Hi-Mount 

17. 

18. 

Road with 21-inch storm sewer . . . . . . . . . . . . . . . . 
0.34 acre-foot detention basin to serve planned 
development northwest of the intersection of 
Jackson Street and Salisbury Road (basin F-1) 
1 .0 acre-foot detention basin located 
between Northwestern Avenue and 
Stratford Road (basin F-2) ................... . 

Total 

$288,000 

75,000 

11,000 

8,000 

28,000 

38,000 

11,000 

5,000 

19,000 

20,000 

71,000 

122,000 

$696,000 

NOTE: The following abbreviation has been used: CMPA = corrugated metal pipe arch. 

a All new and replacement storm sewers are reinforced concrete pipe. 

$ 0 

-70 

-10 

70 

o 

o 

o 

o 

o 

o 

900 

1,000 

$1,890 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 
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Table 17 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE G-1, STORM SEWER CONVEYANCE 

Existing Planned 
Capacity Capacity 

Existing (cubic Planned (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per 

Branch Reach Location8 (inches) second) (inches) (feet) second) 

1 2 In Sunset Ridge Road 24 16 45 by 29 HE at 208 43 
between Adams 0.41 percent 
Street and 
Roosevelt Drive 
(1011 

In Sunset Ridge Road 24 8 36 at 0.41 116 43 
between Adams percent 
Street and 
Roosevelt Drive 
(101) 

In Sunset Ridge Road 36CMP 51 36 at 0.41 21 43 
between Adams percent 
Street and 
Roosevelt Drive 
(101) 

3 0 In Sunset Ridge Road 15 6 24 at 2.1 131 33 
between Roosevelt percent 
Drive and Jefferson 
Street (101) 

In Jefferson Street 15 10 24 at 2.1 306 33 
just east of Sunset percent 
Ridge Road (101) 

1 4 In Roosevelt Drive 18 10 38 by 24 HE at 156 71 
just west of Sunset 3.0 percent 
Ridge Road (101) 

In Roosevelt Drive 18 16 38 by 24 HE at 364 53 
between Sunset 1.6 percent 
Ridge Road and 
Main Street (101) 

In Roosevelt Drive 18 15 38 by 24 HE at 15 53 
between Sunset 1.6 percent 
Ridge Road and 
Main Street (101) 

1 6 In Main Street just 18 10 38 by 24 HE at 86 53 
north of Roosevelt 1.6 percent 
Drive (101) 

In Main Street just 24CMP 21 38 by 24 HE at 43 53 
north of Roosevelt 1.6 percent 
Drive (101) 

1 8 In easement between 24CMP 31 38 by 24 HE at 200 98 
Main Street and 5.5 percent 
Fairview Drive, 
north of School 
Place (101) 

In School Place 24CMP 28 38 by 24 HE at 224 98 
between Fairview 5.5 percent 
Drive and River 
Drive (101) 

In School Place 24CMP 28 38 by 24 HE at 294 98 
between Fairview 5.5 percent 
Drive and River 
Drive (101) 

1 10 In River Drive north 30CMP 49 38 by 24 HE 380 92 
of School Place 
(101) 

In River Drive north 30CMP 63 38 by 24 HE 62 118 
of School Place 
(101) 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; and HE = horizontal elliptical. 

BCity storm sewer system plan sheet number in parenthesis. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 
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Existing Planned Existing Planned 
10·Year 10·Year 100·Year 100·Year 
Storm Storm Storm Storm 
Flow Flow Flow Flow 
(cubic (cubic (cubic (cubic 

feet per feet per feet per feet per 
second) second) second) second) 

16 16 31 31 

16 16 31 31 

16 16 31 31 

13 13 22 22 

13 13 22 22 

40 40 75 75 

40 40 75 75 

40 40 75 75 

44 44 81 81 

44 44 81 81 

66 78 120 138 

66 78 120 138 

66 78 120 138 

77 89 142 161 

77 89 142 161 

Frequency 
Storm Used for 
Evaluation of 

Existing Storm 
Sewers and 

Replacement of 
Inadequate Storm 

Sewers (years) 

100 

100 

100 

100 

100 

100 

10 

10 

10 

10 

10 

10 

10 

10 

10 



predominantly medium- and high-density resi
dential and commercial uses. The remaining 
60 percent would be devoted woodlands, wet
lands, park and recreational areas, agricultural, 
and other open space uses. The existing storm
water management system consists of roadside 
swales and a system of interconnected natural 
ponds, lakes, and wetlands located within 
existing and planned portions of the City's Lac 
Lawrann Conservancy Area. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and the flood-attenuating effects of the natural 
drainage system, there are no known existing, 
significant storm water drainage problems in 
the unit. 

Alternative 8tormwater Management Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic 
Unit H: 1) a storm sewer conveyance with 
centralized detention plan and 2) a storm sewer 
conveyance with decentralized detention plan. 
The primary reason for the provision of storm
water detention facilities is to maintain the 
water quality of Rainbow and Wallace Lakes 
and of the Lac Lawrann stream and wetland 
system through the provision of a high degree 
of control of nonpoint source pollution. 

Wallace Lake and subbasin MR261I and the 
extreme northwestern portion of MR260 are 
located in Hydrologic Unit MR-T; however, 
under possible future conditions, runoff from 
those subbasins may be conveyed to either 
Hydrologic Unit MR-H or;MR-T. Under existing 
conditions subbasin MR261I is internally 
drained; however, when the southern portion of 
that subbasin is developed in medium-density 
residential uses, it is likely that the site would 
be graded to enable the entire subbasin to drain 
into the northwest part of subbasin MR260. The 
northwest part of subbasin MR260 drains to a 
roadside ditch along the west side of 8TH 144 
under existing conditions. The ditch conveys 
that runoff to the southwest, where lower flows 
are impounded by a private drive which crosses 
the ditch. That drive functions to divert runoff 
to an 18-inch-diameter corrugated metal pipe 
culvert under 8TH 144 and then to a swale 
leading to Wallace Lake. Under existing condi
tions the culvert outlet is almost completely 
blocked with sediment. Even with the culvert 
clear of sediment, flows in excess of its capacity 

would overtop the private drive and continue to 
the southwest into the 8TH 144 ditch in sub
basinMR290, ultimately being conveyed under 
8TH 144 to Rainbow Lake. Under planned 
conditions, it is possible that the private drive
way which diverts low flows to Wallace Lake 
may be removed and, in the absence of another 
constructed control to divert runoff, all upstream 
runoff would be conveyed to Rainbow Lake. 
Thus, Alternative No.1, the centralized deten
tion alternative, was developed under the 
assumption that all runoff from MR261I and 
from the northwest portion of MR260 would be 
conveyed into subbasin MR290 in Hydrologic 

. Unit MR-H and, ultimately, into Rainbow Lake. 
Alternative No.2, the decentralized detention 
alternative, assumes that all runoff from 
MR261I and from the northwest portion of 
MR260 is conveyed across 8TH 144 into Hydro
logic Unit MR-T to Wallace Lake. 

Alternative Plan No. H-l, Storm Sewer Convey
ance with Centralized Detention: This alterna
tive plan calls for the provision of new storm 
sewers and a single, centralized detention basin 
to serve planned d~velopment effectively. This 
alternative includes 3,110 lineal feet of new 
storm sewer, ranging in size from 12-inch
diameter to 60-inch by 38-inch horizontal ellip
tical reinforced concrete pipe. The alternative 
also calls for the construction of wet detention 
basin WD25 on the north side of 8TH 144. That 
basin is intended primarily to reduce nonpoint 
source pollutant loadings to Rainbow Lake and 
Lac Lawrann; however, because of the excava
tion necessary to accommodate the existing 
outlet and the proposed inflowing storm sewer, 
the basin would also provide attenuation of peak 
flood flows with recurrence intervals up to, and 
including, 100 years. The peak 100-year flood 
outflow from the basin would be conveyed under 
8TH 144 through the existing three-foot by 
three-foot concrete box culvert without 
overtopping the highway. Under planned condi
tions, with the wet basin in place, loadings of 
suspended solids and phosphorus from the 
tributary area would be reduced by 93 and 
64 percent, respectively. Lead loadings, used as 
an indicator of heavy metals in general, would 
increase by about 220 percent, from 5.8 pounds 
per year under existing conditions to 13.0 pounds 
per year under planned conditions; however, 
uncontrolled planned loadings would be reduced 

99 



Table 18 

ALTERNATIVE H-1: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH CENTRALIZED 
DETENTION ALTERNATIVE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-H 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenance 

H 1. 660 feet of 12-inch storm sewer ............... $ 29,000 $ 260 
2. 1,135 feet of 24-inch storm sewer .............. 127,000 450 
3. 705 feet of 30-inch storm sewer . .............. 106,000 280 
4. 610 feet of 60-inch by 38 inch concrete 

HE storm sewer ........................... 192,000 120 
5. Detention basin WD25 with a 100-year storm 

live storage volume of 4.4 acre-feet. Water 
quantity control cost ....................... 117,000 1,900 

6. Detention basin WD25 with a permanent pond area 
of 0.88 acre. Water quality control cost .......... 134,000 2,600 

- - Total $705,000 $5,610 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a All new .and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 

by 57 percent.2 Map 10 shows the approximate 
location and alignment of the new storm sewers 
and the detention basin proposed under· this 
alternative. Table 18 presents the salient charac
teristics and estimated costs of the recommended 
facilities comprising this alternative plan. The 
total present value cost of this alternative plan 
is $793,000, consisting of an estimated capital 
cost of $705,000 and an estimated annual opera
tion and maintenance cost increase of $5,610 
over existing conditions. 

Alternative Plan No. H-2, Storm Sewer Convey
ance with Decentralized Detention: This alterna
tive plan calls for the provision of new storm 
sewers and two decentralized detention basins to 
serve planned development effectively. The 

2 When land use in an area is converted from 
rural to urban, an increase in metal loadings 
under planned conditions in comparison to 
existing conditions is almost unavoidable even 
with treatment to the maximum extent practica
ble, as is provided in this case. 
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alternative includes 3,075 lineal feet of new 
storm sewer, ranging in size from 12-inch- to 24-
inch-diameter reinforced concrete pipe. The 
alternative also calls for the construction of wet 
detention basin WD25 on the north side of 
8TH 144 and wet basin WD26 on the west side 
of 8TH 144 at the location of the existing private 
drive which diverts runoff from the northwest 
part of MR260 to Wallace Lake. Under proposed 
conditions, all runoff from MR261I and the 
northwest part of MR260 would be treated by 
basin WD26 and then conveyed to Wallace Lake. 
The two wet basins are intended primarily to 
reduce nonpoint source pollutant loadings to 
Rainbow and Wallace Lakes and Lac Lawrann; 
however, because of the excavation necessary to 
accommodate the proposed inflowing storm 
sewers, the basins would also provide attenua
tion of peak flood flQwS with recurrence intervals 
up to, and including, 100 years. As under 
Alternative H-1, the peak 100-year flood outflow 
from basin WD25 would be conveyed under 
8TH 144 through the existing culvert without 
overtopping the highway. A proposed storm 
sewer outlet from basin WD26 would convey the 



peak 100-year flood flow from the basin under 
STH 144 to Wallace Lake. Under planned condi
tions, with the wet basins in place, the same 
degree of treatment of nonpoint source pollution 
would be provided as under Alternative H-I. 
Map 11 shows the approximate location and 
alignment of the new storm sewers and the 
detention basin proposed under this alternative. 
Table 19 presents the salient characteristics and 
estimated costs of the recommended facilities 
comprising this alternative plan. The total 
present value cost of this· alternative plan is 
$753,000, consisting of an estimated capital cost 
of $636,000 and an estimated annual operation 
and maintenance cost increase of $7,430 over 
existing conditions. 

Evaluation of Alternative Stormwater Manage
ment Plans: The foregoing information provides 
a basis for a comparative evaluation of the two 
alternative stormwater drainage plans. Each 
alternative was designed to serve anticipated 
future development within the hydrologic unit. 
Each alternative achieves the same net level of 
abatement of nonpoint source pollution; how
ever, the distribution of the pollutants to receiv
ing waters differs between the two alternatives. 
Thus, the principal criteria for the comparative 
evaluation are cost, implementability, and the 
distribution of pollutant loads. 

Alternative H-2 has lower capital and present 
value costs than Alternative H-I. Although 
annual operation and maintenance costs of the 
two alternatives are similar, the additional 
detention basin called for under Alternative H-2 
results in a somewhat higher annual operation 
and maintenance cost. Alternative H-2 may be 
somewhat more difficult to implement since it 
may involve obtaining an easement for the 
construction of the outlet pipe for basin WD26. 
Alternative H-2 minimizes nonpoint source 
pollutant loadings to Rainbow Lake and the Lac 
Lawrann Conservancy Area, while Alternative 
H-1 eliminates the contribution of nonpoint 
source loadings to Wallace Lake from subbasins 
MR261I and the northwest part of MR260. 
Because the planned, uncontrolled unit pollutant 
loadings to Wallace Lake from its entire 
watershed would be lower than those to Rainbow 
Lake and Lac Lawrann and because of the 
anticipated higher assimilative capacity of 
Wallace Lake, Alternative H-2, which minimizes 
loadings to Rainbow Lake and Lac Lawrann, 

. would be preferred from the standpoint of 
nonpoint source pollution control. 

Recommended Storm water Management Plan: 
On the basis of a comparative evaluation of the 
two alternative plans, Alternative H-2, Storm 
Sewer Conveyance with Decentralized Deten
tion, is recommended for adoption in this hydro
logic unit. The recommended storm water 
management plan, including non point source 
pollution control measures, is summarized in 
graphic form on Map 14. The minor and major 
system components and costs of the recom
mended plan are set forth in Table 9. 

Hydrologic Unit MR-! 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-! is a 0.31-square
mile area located as shown on Map 1 in Chap
ter! of this volume. Under existing land use 
conditions, about 21 percent of the hydrologic 
unit is developed in urban land uses. Under 
planned year 2010 conditions, the hydrologic 
unit would be about 57 percent . developed in 
urban uses, predominantly industrial, but would 
also include medium- and high-density residen
tial and government and institutional uses. The 
remaining 43 percent would be devoted to wood
lands, wetlands, park and recreational areas, 
and other open space uses. The existing storm
water management system consists of roadway 
curbs and gutters, storm sewer inlets, storm 
sewers, roadside swales, and a dry detention 
basin. The existing facilities discharge to an 
area which is in the Milwaukee River 100-year 
recurrence interval floodplain located southwest 
of the intersection of Schmidt Road and Brown 
Lane. That area is currently in wetland and 
agricultural uses, and it would remain in wet
land and open space uses under planned land 
use conditions. 

Under existing conditions, there is a potential 
problem with flooding of Brown Lane west of 
Schmidt Road. That problem is due to the lack 
of facilities to convey runoff from the area north 
of Brown Lane across Brown Lane. 

Alternative Stormwater Drainage Plans: Because 
much of the hydrologic unit is to remain in 
wetland, park, or open space uses; because the 
subbasins in the unit have several separate 
outlets to the Milwaukee River floodplain; and 
because detention storage has already been 
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Map 11 

STORM SEWER CONVEYANCE WITH DECENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 
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Map 11 (continued) 

STORM SEWER CONVEYANCE WITH DECENTRALIZED DETENTION ALTERNATIVE 
PLAN FOR STORMWATER MANAGEMENT IN THE MILWAUKEE RIVER DRAINAGE AREA 
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Table 19 

ALTERNATIVE H-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
DECENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-H 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenance 

H 1. 660 feet of 12-inch storm sewer ................ $ 29,000 $ 260 
2. 250 feet of 15-inch storm sewer . .............. 16,000 100 
3. 330 feet of 21-inch storm sewer . .............. 58,000 240 
4. 1,835 feet of 24-inch storm sewer .............. 206,000 730 
5. Detention basin WD25 with a 100-year storm 

live storage volume of 3.2 acre-feet. Water 
quantity control cost ....................... 102,000 1,700 

6. Detention basin WD25 with a permanent pond area 
of 0.68 acre. Water quality control cost .......... 128,000 2,600 

7. Detention basin WD26 with a 100-year storm 
live storage volume of 0.5 acre-feet. Water 
quantity control cost ........................ 26,000 300 

8. Detention basin WD26 with a permanent pond area 
of 0.25 acre. Water quality control cost ................ 71,000 1,500 

- - Total $636,000 $7,430 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,0 15. 

Source: SEWRPC 

provided in a location where it will serve both 
existing and planned development, the only 
stormwater drainage measures required in this 
hydrologic unit are storm sewers to serve 
planned multi-family residential uses and 
medium-density, single-family residential uses. 

Recommended Stormwater Management Plan: 
The recommended plan calls for the provision of 
260 lineal feet of 24-inch-diameter and 370 lineal 
feet of 27-inch-diameter reinforced concrete 
storm sewer to serve areas of planned residential 
development. The existing dry detention basin, 

. located southeast of the intersection of Schmidt 
Road and North Oakfield Street, with its asso
ciated 27-inch-diameter outlet, is adequate to 
store and convey the runoff from a 100-year 
recurrence interval storm occurring under 
planned land use conditions. That basin inter
cepts and reroutes much of the runoff which may 
have overtopped Brown Lane in the past. It is 
recommended that the runoff to Brown Lane 
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which is not intercepted by the basin be con
veyed in an 1,100-foot-Iong roadside swale and 
in two 50-foot-Iong,.18-inch-diameter reinforced 
concrete culverts under Brown Lane. The compo
nents and costs of the recommended plan are set 
forth in Table 9. The approximate location, 
alignment, and configuration of the recom
mended facilities, including non point source 
pollution control measures, are shown graphi
cally on Map 14. The total capital cost of this 
plan is about $74,000 and the estimated annual 
operation and maintenance cost increase is $730. 

Hydrologic Unit MR-J 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-J is a 0.13-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, the hydrologic unit is completely 
developed in urban land uses, which are predom
inantly two-family residential, but also include 
government and institutional and commercial 



uses. The existing stormwater management 
system consists of roadway curbs and gutters, 
storm sewer inlets, and storm sewers. There are 
no identified intermittent or perennial streams 
within the hydrologic unit and the storm sewers 
discharge directly to the Milwaukee River. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in 
Table 20, a comparison of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
many sewers have inadequate capacities to meet 
the minor system requirement of passing the 
peak rate of runoff from a 10-year storm. Major 
system capacity problems were identified at two 
locations where ponding in mid-block sags in the 
road could result in overland flow and flooding 
of buildings: 1) in 11th Avenue between Poplar 
and Walnut Streets and 2) in Poplar Street west 
of 6th Avenue. Additional major system prob
lems were identified along Summit Drive south 
of Chestnut Street, where the buildings on the 
east side of the street are located at elevations 
below the street grade, and at a depression at the 
intersection of 1 Oth Avenue and Poplar Street. 

Alternative Stormwater Drainage Plans: Because 
of the lack of available open space in which to 
construct detention storage facilities, the only 
practicable solution to the storm water drainage 
problems of this hydrologic unit is to upgrade the 
storm sewer conveyance system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems. This plan includes 4,230 lineal feet of 
replacement storm sewer, ranging in size from 
l8-inch- to 66-inch-diameter reinforced concrete 
pipe. Table 20 presents a comparison of peak 
flows and existing and proposed storm sewer 
hydraulic capacities. The components and costs 
of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities, 
including non point source pollution control 
measures, are shown graphically on Map 14. 
The total present value cost of this plan is 
$797,000, consisting of an estimated capital cost 
of $800,000 and an estimated annual operation 
and maintenance cost decrease of $210. 

Hydrologic Unit MR-K 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-K is a O.69-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, 91 percent of the hydrologic unit is 
developed in urban land uses. Under planned 
year 2010 conditions the hydrologic unit would 
essentially be completely developed in urban 
uses, predominantly medium-density residential, 
but would also include two-family residential, 
government and institutional, and commercial 
uses. The existing storm water management 
system consists of roadway curbs and gutters, 
storm sewer inlets, and storm sewers. There are 
no identified intermittent or perennial streams 
within the hydrologic unit and the storm sewers 
discharge directly to the Milwaukee River. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in 
Table 21, a comparison of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
many sewers have inadequate capacities to meet 
the minor system requirement of passing the 
peak rate of runoff from a 10-year storm. In 
addition, major system capacity problems were 
identified at seven locations: 1) in the vicinity of 
Highland View Drive and Bobolink Lane, where 
runoff from large storms would collect in back
yard depressions with no outlets, 2) northwest of 
the intersection of Decorah Road and Highland 
View Drive, where an inadequate overland flow 
path could result in the flooding of buildings 
during a lOa-year storm, 3) in Highland View 
Drive between Pine Drive and Evergreen Street, 
where ponding at a mid-block sag could result in 
flooding of houses on the east side of the street, 
4) 5th Avenue between Hawthorn Drive and 
Decorah Road, where ponding in a mid-block sag 
could result in flooding of adjacent buildings, 5) 
northwest of the intersection of Main Street and 
Maple Street, where major system overflow 
through backyards could result in flooding of 
buildings, 6) in Main Street between Maple and 
Chestnut Streets, where ponding in a mid-block 
sag could result in overflow from the street and 
flooding of buildings to the east, and 7) north
east of the intersection of Kilbourn and Chestnut 
Streets, where an inadequate overland flow path 
to the Milwaukee River could result in flooding 
of buildings. 
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Branch Reach 

1 0 

1 2 

1 4 

1 6 

3 0 

3 2 

3 4 

1 8 

1 10 

1 12 
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Table 20 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE J-1, STORM SEWER CONVEYANCE 

Existing Planned Existing Planned 
10-Vear 10-Vear 100-Year 100-Vear 

Existing Planned Storm Storm Storm Storm 
Capacity Capacity Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per 

Locationa (inches) second) (inches) (feet) second) second) second) second) second) 

In Summit Drive 18 clay 13 30 225 50 21 21 35 35 
south of Chestnut 
Street (173) 

In Chestnut Drive 18 clay 23 21 410 35 27 27 46 46 
west of Summit 
Drive (173) 

In Chestnut Street 18 clay 8 30 195 32 28 28 49 49 
west of 10th 
Avenue (173) 

Intersection of 18 clay 14 30 46 52 44 44 76 76 
Chestnut Street 
and 10th Avenue 
(1521 

In 10th Avenue 18 clay 6 42 364 59 44 44 76 76 
between Chestnut 
Street and Poplar 
Street (152) 

In 11 th Avenue north 12 clay 3 24 263 18 9 9 14 14 
of Poplar Street 
(152) 

In intersection of 12 clay 4 24 57 27 9 9 14 14 
11th Avenue and 
Poplar Street (152) 

In Poplar Street east 12 clay 7 18 364 20 10 10 18 18 
of 11th Avenue 
(151) 

In Poplar Street west 12 clay 7 21 297 29 11 11 21 21 
of 10th Avenue 
(152) 

In Poplar Street 24 20 48 17 130 65 65 116 116 
between 9th 
Avenue and 10th 
Avenue (152) 

In Poplar Street 30 39 48 308 135 65 65 116 116 
between 9th 
Avenue and 10th 
Avenue (152) 

In Poplar Street 30c 43 Retain existing 305 43 73 73 132 132 
between 8th 
Avenue and 9th 
Avenue (152) 

In Poplar Street 15c 10 36 309 104 73 73 132 132 
between 8th 
Avenue and 9th 
Avenue (152) 

In Poplar Street 30d 75 Retain existing 340 75 83 83 151 151 
between 7th 
Avenue and 8th 
Avenue (152) 

In Poplar Street 15d 7 36 333 77 83 83 151 151 
between 6th 
Avenue and 7th 
Avenue (152) 

In intersection of 7th 30 55 42 at 2.8 32 168 83 83 151 151 
Avenue and Poplar percent 
Street (152) 

Frequency 
Storm Used for 

Evaluation of 
Existing Storm 

Sewers and 
Replacement of 

Inadequate Storm 
Sewers (years) 

100 

10 

10 

10 

10 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 



Table 20 (continued) 

Frequency 
Existing Planned Existing Planned Storm Used for 
10·Year 10·Year 100·Year 100·Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 
Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach Locationa (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

1 14 In Poplar Street east 30 73 48 at 2.8 131 168 96 96 178 178 100 
of 7th Avenue percent 
(152) 

In intersection of 30 56 48 36 196 96 96 178 178 100 
Poplar Street and 
alley between 6th 
and 7th Avenues 
(152) 

In alley between 6th 30 44 54 159 209 96 96 178 178 100 
and 7th Avenues 
north of Poplar 
Street (152) 

In alley between 6th 30 41 54 108 195 96 96 178 178 100 
and 7th Avenues 
and Poplar and 
Walnut Streets 
(152) 

1 16 In Walnut Street and 30 42 54 320 203 100 100 187 187 100 
alley between 6th 
and 7th Avenues 
(152) 

1 18 In intersection of 6th 30 28 66 17 228 108 108 204 204 100 
Avenue and Walnut 
Street (152) 

1 20 In intersection of 30 86 36 36 139 117 117 219 219 10 
Walnut Street and 
6th Avenue (152) 

In Walnut Street 30 95 36 139 153 117 117 219 219 10 
between 6th 
Avenue and alley 
east of 6th Avenue 
(152) 

1 22 Outfall from 42 106 48 61 151 131 131 243 243 10 
intersection of 
Walnut Street and 
Main Street to 
Milwaukee River 
(152) 

a City storm sewer system plan sh(HJt number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

c The two storm sewers designated Branch 1, Reach 10, are parallel to one another. 

dThese two storm sewers are parallel to one another. 

Source: SEWRPC. 
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Branch Reach 

1 Oc 

1 15 

1 16 

1 18 

2 0 

9 0 

9 2 

10 6 

10 8 

3 0 

30 0 

4 0 

4 2 

4 4 

4 6 

5 0 

108 

Table 21 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE K-1. STORM SEWER CONVEYANCE 

Existing Planned Existing 
10-Year 10-Year lOO-Year 

Existing Planned Storm Storm Storm 
Capacity Capacity Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizab Length feet per feet per feet per feet per 

Locationa (inches) second) (inches) (feet) second) second) second) second) 

In Silverbrook Drive 15 7 -- -- -- 7d 11 7d 

between Hawthorn 
Drive and Chapel 
Hill Place (1 B7) 

In Hawthorn Drive at 58 by 36 68 53 by 34 HE 92 104 44 46 68 
intersection with CMPA 
5th Avenue (18B) 

In 5th Avenue north 58 by 36 29 Two 60 by 2 times 864 132 29d 71 29d 

of Hawthorn Drive CMPA 38 HE equals 1.72B 
(188) 

In 5th Avenue south 58 by 36 33 Two 68 by 2 times 326 190 33d 103 33d 

of Decorah Road CMPA 43 HE equals 752 
(188) 

In Chestnut Street 10 3 21 649 21 3d 14 --
between Western 
Avenue and 
Summit Drive 

In Orchard Street 15 8 18 281 13 8d 11 8d 

between 6th 
Avenue and 7th 
Avenue (188) 

In 6th Avenue 18 6 38 by 24 HE 299 18 6d 14 6d 

between Orchard 
Street and Spring 
Drive (188) 

In 6th Avenue 30CMP 13 36 710 38 13d 32 13d 

between Spring 
Drive and Decorah 
Road (188) 

In Decorah Road 30CMP 31 27 305 44 21 40 27 
between 5th and 
6th Avenues (188) 

In Decorah Road 12 clay 6 15 353 11 6d 8 6d 

between 5th and 
6th Avenues (188) 

In Highland View 18 5 54 514 88 -- 41 15 
Drive from 
Silverbrook Drive to 
8obolink Lane 
(187) 

In Bobolink Lane 15 4 27 475 19 4d 16 4d 

between Highland 
View Drive and 
Silverbrock Drive 
(187) 

In Bobolink Lane 15 4 30 236 32 4d 16 4d 

between Highland 
View Drive and 
Silverbrook Drive 
(187) 

In Highland View 18 7 54 159 143 7d 79 7d 

Drive east of 
Bobolink Lane 
(187) 

Along easement 18 3 54 426 143 3d 80 3d 

between Highland 
View Drive and 
Decorah Road 
(187) 

Along easement 15 CMP 3 60 513 189 3c 94 3d 

between Decorah 
Road and 
Evergreen Street 
(173) 

In Evergreen Street 15 and 18 7 30 234 53 7d 25 7d 

east of Silverbrook 
Drive (174) 

Frequency 
Storm Used for 

Planned Evaluation of 
100-Year Existing Storm 

Storm Sewers and 
Flow Replacement of 
(cubic Inadequata 

feet per Storm Sewers 
second) (years) 

20 10 

92 100 

137 100 

179 100 

21 100 

21 10 

28 10 

64 10 

78 10 

lld 10 

71 100 

32 10 

32 100 

138 100 

144 100 

169 100 

48 100 



Table 21 (continued) 

Frequency 
Storm Used for 

Existing Planned Existing Planned Evaluation of 
10-Vear 10-Vear 100-Vear 100-Vear Existing Storm 

Existing Planned Storm Storm Storm Storm Sewers and 
Capacity Capacity Flow Flow Flow Flow Replacement of 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Inadequate 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Storm Sewers 

Branch Reach Locationa (inches) second) (inches) (feet) second) second) second) second) second) (vears) 

5 2 In Evergreen Street lB 16 60 203 266 16d 119 16d 222 100 
east of Highland 
View Drive (173) 

5 4 In Highland View 36 42 60 559 266 31 135 42d 251 100 
Drive south of Pine 
Drive (173) 

5 6 In Pine Drive at 36 60 60 232 266 34 137 49 257 100 
Highland View 
Drive (173) 

5 8 In Pine Drive between 27 47 60 596 266 39 141 47d 266 100 
Highland View 
Drive and 8th 
Avenue (173) 

5 10 In Pine Drive west of 30 49 48 884 260 41 142 49d 271 100 
6th Avenue, to 8th 
Avenue (173) 

5 12 In 6th Avenue north 36 114 60 134 300 62 159 101 320 100 
of Pine Drive (173) 

5 14 Between 5th and 6th 52 bV 36 80 60 511 300 55d 162 55d 324 100 
Avenues south of CMPA 
Oak Street (173) 

Between 5th and 6th 50 bV 31 55 76 bV 48 HE 246 300 55d 162 55d 324 100 
Avenues south of CMPA 
Oak Street (173) 

Between 5th and 6th 30 60 76 bV 48 HE 92 300 55d 162 55d 324 100 
Avenues south of 
Oak Street (173) 

1 20 In 5th Avenue 60 bV 36 65 76 bV48 HE 1,754 227e 62 146 65d 265 100 
between Oak CMPA 
Street and 
Decorah Road 

3 4 Just west of 5th 40 -- 98 bV 63 HE 466 620f 144 327 164 624 100 
Avenue between 
Maple Street and 
Oak Street (173) 

14 Oc In Oak Street at 8th 18 clav 15 24 204 32 15d 24 15d 44 10 
Avenue (173) 

14 2c In Oak Street 18 clav 16 27 332 46 16d 36 16d 67 10 
between 7th and 
8th Avenues (173) 

14 4c In Oak Street 24 37 27 640 50 30 49 37d 92 10 
between 5th and 
7th Avenues (173) 

14 6 In 5th Avenue 30 52 53 bV 34 HE 423 127 40 59 52d 111 100 
between Maple 
Street and 
Chestnut Street 
(173) 

14 8 In Maple Street west 30 59 53 bV 34 HE 110 144 45 64 59d 120 100 
of 5th Avenue 
(173) 

15 Oc In 6th Avenue 12 4 15 477 8 4d 7 4d 15 10 
between Chestnut 
Street and Maple 
Street (173) 

15 2 In Maple Street and 18 clav 17 27 468 51 17d 20 17d 44 100 
5th Avenue (173) 

3 6 In alley and easement 82 bV 63 200 106 bV 68 HE 368 866 200d 405 257 795 100 
between 5th SPPA at 1.83 
Avenue and Main percentg 

Street north of 
Maple Street (173) 

17 2 In Main Street north 24 39 30 276 71 29 30 39d 56 100 
of Maple Street 
(172) 
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Table 21 (continued) 

Frequencv 
Storm Used for 

Existing Planned Existing Planned Evaluation of 
10-Year 10-Year 100-Year 100-Year Existing Storm 

Existing Planned Storm Storm Storm Storm Sewers and 
Capacity Capacity Flow Flow Flow Flow Replacement of 

Existing (cubic Planned (cubic (cubic (cubic (cubic Icubic Inadequate 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Storm Sewers 

Branch Reach locations (inches) second) (inches) (feet) second) second) second) second) second) (vears) 

3 8 In Main Street Cut stone, 5.5 90 113 bV 72 HE 486 887 246 442 312 861 100 
between Chestnut feet high, 5.0 at 1.33 
Street and Maple feet wid~ at percenth 

Street (172) base, 3.5 feet 
wide at top. 
Top is an 
arch with 
radius of 
2.5 feet 

20 0 In 3rd Avenue 15 10 24 539 35 10d 24 10d 35 100 
between Oak 
Street and Locust 
Street (172) 

20 4 In 3rd Avenue south 21 -- 30 234 86 25 39 28d 66 100 
of Kilbourn Street 
(172) 

In 3rd Avenue south 24 28 45 bV 29 HE 132 101 25 39 28d 102 100 
of Kilbourn Street 
(172) 

21 2 In 2nd Avenue from 12 clav 3 38 bV 24 HE 1,292 36 3d 29 3d 36 100 
Oak Street to 
Kilbourn Street and 
in Kilbourn Street 
between 2nd and 
3rd Avenues (172) 

20 6 East of intersection 24 23 45 by 29 HE 75 167 23d 89 23d 141 100 
of Chestnut and 
Kilbourn Streets 
(153) 

18 0 In Chestnut Street 12 8 18 212 25 8d 11 8d 19 100 
between Main 
Street and Kilbourn 
Street (153) 

19 0 In Kilbourn Street 12 3 18 348 9 3d 6 3d 8 100 
north of Chestnut 
Street 1153) 

3 10 Outfall from Kilbourn 75 by 61.5 1,430 113 bV 72 HE 103 1,046 280 530 346 1,016 100 
Street to Milwau- concrete box at 1.85 
kee River (153) percentl 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and SPPA = structural plate pipe arch. 

8City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

c Do not replace. Combined hydraulic capacity of existing storm sewer and street satisfies Objective 1, Standard 3 in Chapter IV of Volume One of this report. 

dFlow limited to storm sewer capacity. 

eDesign capacity of 227 cubic feet per second is somewhat less than the 100-year recu"ence interval peak flow of 265 cubic feet per second. The excess l00-year flow would be conveyed 
overland in the athletic fields and open areas west of Badger Middle School to the southwest corner of the Intersection of Oak Street and 5th Avenue, where additIonal stormwater inlets would 
be provided. Those inlets would discharge to the downstream 92-foot-long segment of Branch 5, Reach 14 and would have a capacity of about 40 cubic feet per second. 

fAn additional 60 cubic feet per second would be conveyed in the parallel 494-foot-long, 58-inch by 36-inch CMPA located in the alley batween 5th Avenue and Main Street and north of Oak 
Street. Therefore, the total capacity would be about 680 cubic feet per second. 

gDownstream invert lowered to elevation 887.46 feet National Geodetic Vertical Datum. 

hUpstream invert lowered to elevation 887.46 feet National Geodetic Vertical Datum. Downstream invert 10wINed to elevation 881.0 feet National Geodetic Vertical Datum. 

i Upstream invert lowered to elevation 881.0 feet National Geodetic Vertical Datum. 

Source: SEWRPC. 
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Alternative Stormwater Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic 
Unit K: 1) a storm sewer conveyance plan and 
2) a storm sewer conveyance with centralized 
detention plan. 

Alternative Plan No. K-l, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems and to serve planned new urban 
development effectively. This alternative 
includes 18,500 lineal feet of replacement storm 
sewer, ranging in size from 15-inch-diameter 
reinforced concrete pipe to 113-inch-wide by 
72-inch-high horizontal elliptical reinforced 
concrete pipe. Map 9 shows the approximate 
location and alignment of the replacement storm 
sewers proposed under this alternative. Table 21 
presents a comparison of peak flows and exist
ing and proposed storm sewer hydraulic capaci
ties. Table 22 presents the salient characteristics 
and estimated costs of the replacement storm 
sewers comprising this alternative plan. The 
total present value cost of this alternative plan 
is $5,551,000, consisting of an estimated capital 
cost of $5,566,000 and an estimated annual 
operation and maintenance cost decrease 
of $930. 

Alternative Plan No. K-2, Storm Sewer Convey
ance with Centralized Detention: Map 10 shows 
the approximate location, alignment, and con
figuration of the facilities called for under this 
alternative. Because of the reduction in peak 100-
year recurrence interval flood flows achieved 
through the provision of detention storage, this 
alternative enables the downsizing of 6,820 
lineal feet of replacement storm sewers and the 
retention of an additional 1,470 lineal feet of 
existing storm sewer which would be replaced 
under Alternative K-1. In addition, 560 lineal 
feet of existing storm sewer which would be 
replaced under Alternative K-l are located at a 
proposed detention basin site and would, there
fore, be eliminated under Alternative K-2. Also, 
430 lineal feet of existing storm sewer adjacent 
to proposed detention basin K-2 would be aban
doned. This alternative calls for 15,300 lineal 
feet of replacement storm sewers ranging in size 
from 15-inch-diameter reinforced concrete pipe to 
98-inch-wide by 63-inch-high horizontal elliptical 
reinforced concrete pipe. 

Basin K-l, which is to be located on private 
property southwest of the intersection of High
land View and Silverbrook Drives, would utilize 
the existing storage volume of a 1.8-acre non
shoreland wetland identified on the State wet-

. land inventory maps and the 1990 Regional 
Planning Commission land use inventory maps. 
That wetland, which is not located near a 
navigable waterway, serves as a natural deten
tion area under existing conditions. The wetland 
is classified as an emergent marsh wetland with 
narrow-leaved vegetation on wet soils (E2K). 
Wildlife habitat at the site is classified a 
Type III, or of good quality. Under this alterna
tive, the existing wetland might experience 
minor, localized disturbance along its north 
boundary. Its function as a natural detention 
area would be preserved, eliminating the need 
for replacement of the storm sewers located 
immediately downstream. The storm sewers in 
Highland View Drive would be retrofitted to 
discharge to basin K-l and a short 170-foot-Iong 
open swale and a 170-foot-Iong, 15-inch-diameter 
reinforced concrete outlet pipe would be installed 
to convey outflow from basin K-l to the existing 
24-inch-diameter storm sewer in the intersection 
of Silverbrook and Highland View Drives. A 
Federal permit and State water quality certifica
tion may be required for the proposed diversion 
of the Highland Drive storm sewer and the 
minor swale construction, although there would 
be only minor disturbance of the wetland. 

Basin K-2, which is proposed to be located in 
Decorah Hills City Park, could be either a wet 
basin with a permanent pond for the control of 
non point source pollution, or a dry basin, depend
ing on whether the City Park, Recreation and 
Forestry Commission decides that a permanent 
pond could be a desirable addition to the park. 

Basin K-3, which is located on property owned 
by St. John's Lutheran School, could contain 
athletic fields and play areas. This basin would 
be a dry detention basin, which would drain 
completely between storms, minimizing disrup
tion of use of the school athletic fields. 

In Chapter IV of this volume, basin WD4 is 
recommended to be constructed on Badger 
Middle School property as a dual-purpose wet 
detention basin with a 2.6-acre permanent pond 
for the control of nonpoint source pollution. 
Surcharge storage above the permanent pond 
would be used for water quantity control. 
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Table 22 

ALTERNATIVE K-1: COMPONENTS AND COSTS OF THE STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-K 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

K 1. Replace 92 feet of 58-inch by 36-inch CMPA 
storm sewer at intersection of Hawthorn Drive 
and 5th Avenue with 53-inch by 34-inch 
HE storm sewer ........................... $ 24,000 $ 0 

2. Replace 864 feet of 58-inch by 36-inch CMPA 
storm sewer in 5th Avenue north of Hawthorn 
Drive with 1,728 feet of double 60-inch by 
38-inch HE storm sewer ..................... 544,000 160 

3. Replace 326 feet of 58-inch by 36-inch CMPA 
storm sewer in 5th Avenue south of Decorah 
Road with 752 feet of double 68-inch by 
43-inch HE storm sewer ..................... 273,000 70 

4. Replace 649 feet of 1 O-inch storm sewer along 
easement in 5th Avenue extended south of 
Hawthorn Drive with 21-inch storm sewer ......... 62,000 0 

5. Replace 281 feet of 1 5-inch storm sewer in Orchard 
Street between 6th Avenue and 7th Avenue 
with 1 8-inch storm sewer . . . . . . . . . . . . . . . . .... 23,000 0 

6. Replace 299 feet of 18-inch storm sewer in 
6th Avenue between Orchard Street and Spring 
Drive with 38-inch by 24-inch HE storm sewer ..... 50,000 0 

7. Replace 710 feet of 30-inch CMP storm sewer 
in 6th Avenue between Orchard Street and Decorah 
Road with 36-inch storm sewer ................ 137,000 -130 

8. Replace 305 feet of 30-inch CMP storm sewer 
in Decorah Road between 5th and 6th Avenues 
with 27-inch storm sewer .................... 39,000 0 

9. Replace 353 feet of 12-inch clay storm sewer 
in Decorah Road between 5th and 6th Avenues 
with 1 5-inch storm sewer . . . . . . . . . . . . . . . . . . . . 23,000 0 

10. Replace 514 feet of 1 8-inch storm sewer in Highland 
View Drive from Silverbrook Drive to Bobolink Lane 
with 54-inch storm sewer . . . . . . . . . . . . . . . . . . . . 177,000 -100 

11 . Replace 475 feet of 15-inch storm sewer in Bobolink 
Lane between Highland View Drive and Silverbrook 
Drive with 27-inch storm sewer ................ 61,000 0 

12. Replace 236 feet of 15-inch storm sewer in Bobolink 
Lane between Highland View Drive and Silverbrook 
Drive with 30-inch storm sewer ................ 35,000 0 

13. Replace 1 59 feet of 18-inch storm sewer in 
Highland View Drive east of Bobolink Lane with 
54-inch storm sewer ....................... 55,000 -30 

14. Replace 426 feet of 18-inch storm sewer along 
easement between Highland View Drive and 
Decorah Road with 54-inch storm sewer .......... 147,000 -80 

15. Replace 513 feet of 1 5-inch CMP storm sewer 
along easement between Decorah Road and 
Evergreen Street with 60-inch storm sewer . . . . . . . . 215,000 -100 

16. Replace 234 feet of 1 5-inch and 18-inch storm 
sewer in Evergreen Street east of Silverbrook 
Drive with 30-inch storm sewer ................ 35,000 0 
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Table 22 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

K 17. Replace 203 feet of 18-inch storm sewer in 
(continued) Evergreen Street west of Highland View Drive 

with 60-inch storm sewer . . . . . . . . . . . . . •...... $ 85,000 $ -40 
18. Replace 559 feet of 36-inch storm sewer in 

Highland View Drive south of Pine Drive 
with 60-inch storm sewer . . . . . . . . . . . . . . . . . . . . 235,000 0 

19. Replace 232 feet of 36-inch storm sewer in 
Pine Drive at Highland View Drive with 
60-inch storm sewer ....................... 97,000 0 

20. Replace 596 feet of 27-inch storm sewer in 
Pine Drive between Highland View Drive and 
8th Avenue with 60-inch storm sewer ........... 250,000 -110 

21. Rep/ace 884 feet of 30-inch storm sewer in 
Pine Drive west of 6th Avenue to 8th Avenue 
with 48-inch storm sewer . . . . . . . . . . . . . . . . . . . . 226,000 -170 

22. Replace 134 feet of 36-inch storm sewer in 
6th Avenue north of Pine Drive angled northeast 
with 60-inch storm sewer . . . . . . . . . . . . . . . ..... 56,000 0 

23. Replace 511 feet of 52-inch by 36-inch CMPA 
storm sewer between 5th and 6th Avenues south 
of Oak Street with 60-inch storm sewer .......... 215,000 -100 

24. Replace 246 feet of 50-inch by 31-inch CMPA 
storm sewer between 5th and 6th Avenues 
south of Oak Street with 76-inch by 
48-inch HE storm sewer ..................... 107,000 -50 

25. Replace 92 feet of 30-inch storm sewer between 
5th and 6th Avenues south of Oak Street with 
76-inch by 48-inch HE storm sewer · ............ 40,000 -20 

26. Replace 1754 feet of 60-inch by 36-inch CMPA 
storm sewer in 5th Avenue between Oak 
Street and Decorah Road with 76-inch by 
48-inch HE storm sewer ..................... 762,000 0 

27. Replace 466 feet of 40-inch storm sewer just east 
of 5th Avenue between Maple and Oak Street with 
98-inch by 63-inch HE storm sewer · ............ 285,000 0 

28. Replace 423 feet 30-inch storm sewer in 5th Avenue 
between Maple Street and Oak Street with 
53-inch by 34-inch HE storm sewer · ............ 110,000 -80 , 

29. Replace 110 feet 30-inch storm sewer in 
Maple Street east of 5th Avenue with 
53-inch by 34-inch HE storm sewer · ............ 29,000 -20 

30. Replace 468 feet of 1 5-inch and 18-inch clay 
storm sewer in Maple Street and 5th Avenue east 
of 5th Avenue with 27-inch storm sewer ......... 60,000 0 

31. Replace 368 feet of 82-inch by 63-inch SPPA storm 
sewer in alley and easement between 5th Avenue 
and Main Street north of Maple Street with 
1 06-inch by 68-inch HE storm sewer ............ 252,000 0 

32. Replace 276 feet of 24-inch storm sewer in Main Street 
north of Maple Street with 30-inch storm sewer ..... 41,000 0 
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Table 22 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

K 33. Replace 486 feet of cut stone pipe that is 5.5 feet high, 
(continued) 5.0 feet wide at the base, and 3.5 feet wide at the top 

(top is an arch with a radius of 2.5 feet) in Main Street 
between Chestnut Street and Maple Street with 
113-inch by 72-inch HE storm sewer ............ $ 342,000 $ -90 

34. Replace 103 feet of 75-inch by 61.5-inch concrete box 
at outfall from Kilbourn Street to Milwaukee River with 
113-inch by 72-inch HE storm sewer ............ 72",000 0 

35. Replace 539 feet of 15-inch storm sewer in 
3rd Avenue between Oak Street and Locust Street 
with 24-inch storm sewer . . . . . . . . . . . . . . . . . . . . 60,000 0 

36. Replace 234 feet of 21-inch storm sewer in 
intersection of Kilbourn Street and 3rd Aven.ue 
and in 3rd Avenue south of Kilbourn Street 
with 30-inch storm sewer . . . . . . . . . . . ....... , . 35,000 0 

37. Replace 1 32 feet of 24-inch storm sewer in 
intersection of Kilbourn Street and 3rd Avenue 
and in 3rd Avenue south of Kilbourn Street 
with 45-inch by 29-inch HE storm sewer .......... 27,000 -30 

38. Replace 1,292 feet of 12-inch clay storm sewer in 
2nd Avenue from Oak Street to Kilbourn Street 
and in Kilbourn Street to 3rd Avenue with 38-inch 
by 24-inch HE storm sewer ................... 218,000 0 

39. Replace 75 feet of 24-inch storm sewer just east of 
intersection of Chestnut Street and Kilbourn Street 
with 45-inch by 29-inch HE storm sewer .......... 6,000 -10 

40. Replace 21 2 feet of 12-inch storm sewer in 
Chestnut Street between Main Street and Kilbourn 
Street with 1 8-inch storm sewer .......... " .... 17,000 0 

41. Replace 348 feet of 12-inch storm sewer in 
Kilbourn Street north of Chestnut Street 
with 1 8-inch storm sewer .................... 29,000 0 

- - Total $5,566,000 $-930 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; 
HE = horizontal elliptical; and SPPA = structural plate pipe arch. 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 
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Table 23 presents "a comparison of peak flows 
and existing and proposed storm sewer hydrau
lic capacities. Table 24 presents the salient 
characteristics and estimated costs of the com
ponents of this alternative, including new and 
replacement storm sewers and the four detention 
basins ranging in size from 2.3 to 4.2 acre-feet. 
The total present value cost of this alternative 
plan is $3,714,000, consisting of an estimated 
capital cost of $3,639,000, including land acqui
sition for the detention basins, and an estimated 
annual operation and maintenance cost increase 
of $4,740. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative storm water drainage plans. Each 
alternative was designed to resolve the identified 
existing drainage problems as well as to serve 
anticipated future development within the 
hydrologic unit. Each, when expanded to include 
the non point source pollution control measures 
recommended in Chapter IV of this volume, 
would achieve essentially the same degree of 
abatement of nonpoint source pollution. Thus, 
the principal criteria for the comparative evalua
tion were reduced to cost and implementability. 

Alternative K-2 is less costly than Alternative 
K-1, but Alternative K-1 would be more easily 
implemented since it would involve replacement 
of storm sewers which are generally within 
existing rights-of-way and easements and it 
would not require purchasing land or easements 
for the provision of detention basins. Basin K-1 
would utilize the storage in an existing wetland 
with no significant disturbance of that wetland. 
Proposed detention basins K-2 and K-3 can be 
adapted to their sites without eliminating the 
present uses at those sites, possibly making 
them more acceptable to the property owners 
involved. Also, the flexibility to construct basin 
K-2 as either a wet or a dry basin may make it 
more satisfactory to the City Park, Recreation 
and Forestry Commission. Detention basin K-3 
would be a dry basin, enabling continued use of 
the site as athletic fields and play areas. That 
feature should make the basin more acceptable 
to the St. John's Lutheran School administra
tion. Dual-purpose detention basin WD4, which 
is proposed to be located on Badger Middle 
School property, would have a 2.6-acre perma
nent pond which would require the removal of 
several large trees. This would reduce the 

available dry-land recreational open space 
adjacent to the school and neighborhood. 

Recommended Stormwater Management Plan: 
Because of the considerably lower cost of Alter
native K-2, Storm Sewer Conveyance with 
Centralized Detention, and because of the possi
bility of maintaining three of the four proposed 
detention basin sites in existing or enhanced 
uses under that alternative plan, Alternative K-2 
is recommended for adoption in this hydrologic 
unit. At the request of City staff, the recom
mended plan was refined. That refinement is 
described in the next section of this chapter. The 
components and costs of the refined recom-

. mended plan are set forth in Table 9. The 
approximate location, alignment, and configura
tion of the refined recommended facilities, 
including nonpoint source pollution control 
measures, are shown graphically on Map 14. 

Hydrologic Unit MR-L 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-L is a 0.50-square
mile area located as shown on Map 1 of Chap
ter I of this volume. Under existing land use 
conditions, about 89 percent of the hydrologic 
unit is developed in urban land uses. Under 
planned year 2010 conditions, the hydrologic 
unit would essentially be completely developed 
in urban uses, predominantly medium-density 
residential, but would also include considerable 
commercial uses and some two-family residen
tial and government and institutional uses. The 
existing stormwater management system con
sists of roadway curbs and gutters, storm sewer 
inlets, storm sewers, and an open channel. An 
unnamed intermittent tributary to the Milwau
kee River flows through Ziegler Park for a 
distance of about BOO feet. The, tributary is 
enclosed in storm sewers upstream and down
stream of the BOO-foot-Iong reach of open chan
nel. This reach of stream was realigned and the 
invert was paved with concrete in the 
early 19BOs. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in 
Table 25, a comparison of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
many sewers have inadequate capacities to meet 
the minor system requirement of passing the 
peak rate of runoff from a 10-year storm. In 
addition, major system capacity problems were 
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Branch Reach 

1 Oc 

1 15 

Basin Inlet 
K-3 

Basin Outlet 
K-3 

1 16 

1 18 

2 0 

9 0 

9 2 

10 6 

10 8 

3 0 

30 0 

4 0 

4 2 

Basin Inlet 
K-2 

Basin Outlet 
K-2 

4 6 
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Table 23 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE K-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Exist,ing Planned Existing Planned 
10-Year 10-Year 100-Year 100-Year 

Existing Planned Storm Storm Storm Storm 
Capacity Capacity Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per 

Locationa (inches) second) (inches) (feet) second) second) second) second) second) 

In Silverbrook Drive 15 7 21 465 16 ~ 11 7d 20 
between Hawthorn r 
Drive and Chapel 
Hill Place (187) 

In Hawthorn Drive at 58 by 36 CMPA 68 53 by 34 HE 92 104 44 46 68 92 
intersection with 
5th Avenue (188) 

-- -- -- 53 by 34 HE 90 98 -- 46 -- 92 

-- -- -- 24 100 12 -- 1 -- 10 

In 5th Avenue north 58 by 36 CMPA 29 Retain existing 864 29 29d 1 29d 10 
of Hawthorn Drive 
(188) 

In 5th Avenue south 58 by 36 CMPA 33 48 326 67 33d 35 33d 54 
of Decorah Road 
(188) 

In Chestnut Street 10 3 21 649 21 3d 14 -- 21 
between Western 
Avenue and 
Summit Drive 

In Orchard Street 15 8 18 281 13 8d 11 8d 21 
between 6th 
Avenue and 7th 
Avenue (188) 

In 6th Avenue 18 6 38 by 24 HE 299 18 6d 14 6d 28 
between Orchard 
Street and Spring 
Drive (188) 

In 6th Avenue 30CMP 13 36 710 38 13d 32 13d 54 
between Spring 
Drive and Decorah 
Road (188) 

In Decorah Road 30CMP 31 27 305 44 21 40 27 68 
between 5th and 
6th Avenues 

In Decorah Road 12 clay 6 15 353 11 6d 8 6d lld 

between 5th and 
6th Avenues 

In Highland View 18 5 Retain existing -- 5 -- 2 -- 4 
Drive from Silver· 
brook Drive to 
Bobolink Lane 
(187) 

In Bobolink Lane 15 4 27 475 19 4d 16 4d 32 
between Highland 
View Drive and 
Silverbrook Drive 
(187) 

In 80bolink Lane 15 4 30 236 32 4d 16 4d 32 
between Highland 
View Drive and 
Silverbrook Drive 
(187) 

In Highland View 18 7 Two 38 by 24 318 80 7d 38 7d 68 
Drive east of 
Bobolink Lane 
(187) 

-- 18 3 Two 38 by 24 144 80 3d 38 3d 74 

-- 18 3 15 70 4 3d 1 3d 2 

Along easement 15 CMP 3 30 513 33 3d 14 3d 26 
between Decorah 
Road and Ever-
green Street (173) 

Frequency 
Storm Used for 

Evaluation of 
Existing Storm 

Sewers and 
Replacement of 

Inadequate 
Storm Sewers 

(years) 

10 

100 

100 

100 

100 

100 

100 

10 

10 

10 

10 

10 

100 

10 

100 

100 

100 

100 

100 



Table 23 (continued) 

Frequencv 
Storm Used for 

Existing Planned Existing Planned Evaluation of 
10-Year 10-Year 100-Year 100-Year Existing Storm 

Existing Planned Storm Storm Storm Storm Sewers and 
Capacity Capacity Flow Flow Flow Flow Replacement of 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Inadequate 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Storm Sewers 

Branch Reach locationa (inches) second) (inches) (feet) second) second) second) second) second) (years) 

5 0 In Evergreen Street 15 and 18 7 38 by 24 HE 234 53 7d 25 7d 48 100 
east of Silverbrook atl.7 
Drive (174) percent 

5 2 In Evergreen Street 18 16 42 203 112 16 40 16d 78 100 
east of Highland 
View Drive (173) 

5 4 In Highland View 36 42 42 559 112 31 57 42d 108 100 
Drive south of Pine 
Drive (173) 

5 6 In Pine Drive at 36 60 48 232 153 34 60 49 114 100 
Highland View 
Drive (173) 

5 8 In Pine Drive between 27 47 48 596 153 39 64 47d 123 100 
Highland View 
Drive and 8th 
Avenue (173) 

5 10 In Pine Drive west of 30 49 42 884 179 41 66 49d 129 100 
6th Avenue to 8th 
Avenue (173) 

5 12 In 6th Avenue north 36 114 48 134 226 62 86 101 180 100 
of 

Pine Drive (173) 

5 14 Between 5th and 6th 52 by 36 CMPA 80 54 200 226 55 89 55d 185 100 
Avenues south of 
Oak Street (173) 

Basin K-4 outlet 30 60 Retain existing 92 60 55 23 55d 59 100 

1 20 In 5th Avenue 60 by 36 CMPA 65 53 by 34 HE 1,754 116 62 75 65d 107 100 
between Oak 
Street and 
Decorah Road 

3 4 Just west of 5th 40 -- 42 466 11ge 144 107 164 178 100 
Avenue between 
Maple Street and 
Oak Street (173) 

14 Oc In Oak Street at 8th 18 clay 15 Retain existing 204 15 15d 24 15d 44 10 
Avenue (173) 

14 2c In Oak Street 18 clay 16 Retain existing 332 16 16d 36 16d 67 10 
between 7th and 
8th Avenues (173) 

14 4c In Oak Street 24 37 Retain existing 640 37 30 49 37d 92 10 
between 5th and 
7th Avenues (173) 

14 6 In 5th Avenue 30 52 53 by 34 HE 423 127 40 59 52d 111 100 
between Maple 
Street and 
Chestnut Street 
(173) 

14 8 In Maple Street west 30 59 53 by 34 HE 110 144 45 64 59d 120 100 
of 5th Avenue 
(173) 

15 Oc In 6th Avenue 12 4 15 477 8 4d 7 4d 15 10 
between Chestnut 
Street and Maple 
Street (173) 

15 2 In Maple Street and 18 clay 17 27 468 51 17d 20 17d 44 100 
5th Avenue (173) 

3 6 In alley and easement 82 by 63 SPPA 200 83 by 53 HE 368 396 226d 190 257 339 100 
between 5th 
Avenue and Main 
Street north of 
Maple Street (173) 

17 2 In Main Street north 24 39 30 276 71 29 30 39d 56 100 
of Maple Street 
1172) 
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Table 23 (continued) 

Frequency 
Storm Used for 

Existing Planned Existing Planned Evaluation of 
10-Vear 10-Vear 100-Vear loo-Vear Existing Storm 

Existing Planned Storm Storm Storm Storm Sewers and 
Capacity, Capacity Flow Flow Flow Flow Replacement of 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Inadequate 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Storm Sewers 

Branch Reach Locationa (inches) second) (inches) "eet) second) second) second) second) second) (years) 

3 8 In Main Street Cut stone, 5.5 90 72 at 1.33 486 488 246 232 312 407 100 
between Chestnut feet high, 5.0 percentf 

Street and Maple feet wide at 
Street base, 3.5 feet 

wide at top. 
Top is an 
arch with a 
radius of 2.5 
feet 

20 0 In 3rd Avenue 15 10 24 539 35 10d 24 10d 35 100 
between Oak 
Street and Locust 
Street (172) 

20 4 In 3rd Avenue south 21 -- 30 234 86 25 39 28d 66 100 
of Kilbourn Street 
(172) 

20 4 In 3rd Avenue south 24 28 45 by 29 HE 132 101 25 39 28d 102 100 
of Kilbourn Street 
(172) 

21 2 In 2nd Avenue from 12 clay 3 38 by 24 HE 1,292 36 3d 29 3d 36 100 
Oak Street to 
Kilbourn Street and 
in Kilbourn Street 
between 2nd and 
3rd Avenues (172) 

20 6 East of intersection 24 23 45 by 29 HE 75 167 23d 89 23d 141 100 
of Chestnut and 
Kilbourn Streets 
(153) 

18 0 In Chestnut Street 12 8 18 212 25 8d 11 8d 19 100 
between Main 
Street and Kilbourn 
Street (153) 

19 0 In Kilbourn Street 12 3 18 348 9 3d 5 3d 8 100 
north of Chestnut 
Street (153) 

3 10 Outfall from Kilbourn 75 by 61.5 1,430 98 by 63 HE 103 615 280 329 346 567 100 
Street to Milwau- concrete box at 1.37 
kee River (153) percentg 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and SPPA = structural plate pipe arch. 

a City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

cDo not replace. Combined hydraulic capacity of existing storm sewer and street satisfies Objective 1, Standard 31n Chapter IV of Volume One of this report. 

dFlow limited to storm sewer capacity. 

e An additional 60 cubic feet per second would be conveyed in the parallel 494-foot-long, 48-lnch by 36-inch CMPA located in the alley between 5th Avenue and Main Street and nonh of Oak Street. 
Therefore, the total capacity would be about 180 cubic feet per second. 

fDownstream invert elevation of 8ranch 3, Reach 6 not changed. Lower upstreem invert of Branch 3, Reach 8 to elevation 887.46 feet National Geodetic Vertical Datum, Lower Branch 3, Reach 8 
downstream invert to elevation 881.0 feet National Geodetic Vertical Datum. 

gLower upstream invert elevation to 880.5 feet National Geodetic Vertical Datum. 

Source: SEWRPC. 
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Table 24 

ALTERNATIVE K-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-K 

Hydrologic 
Unit 

K 

Project and Component Descriptiona 

1. Replace 92 feet of 58-inch by 36-inch CMPA storm 
sewer at intersection of Hawthorn Drive and 5th 
Avenue with 53-inch by 34-inch HE storm sewer ... . 

2. Basin K-3 inlet, 90 feet ..................... . 
3. Basin K-3 outlet, 100 feet ................... . 
4. Replace 326 feet of 58-inch by 36-inch CMPA 

in 5th Avenue,. south of Decorah Road with 
48-inch storm sewer ...................... . 

5. Replace 649 feet of 10-inch storm sewer along 
easement in 5th A venue extended south of 
Hawthorn Drive with 21-inch storm sewer ........ . 

6. Replace 281 feet of 15-inch storm sewer in 
Orchard Street between 6th Avenue and 7th 
Avenue with 18-inch storm sewer ............. . 

7. Replace 299 feet of 18-inch storm sewer in 
6th Avenue between Orctiard Street and Spring 
Drive with 38-inch by 24-inch HE storm sewer ..... 

8. Replace 710 feet of 30-inch CMP storm sewer in 
6th Avenue between Orchard Street and Decorah 
Road with 36-inch storm sewer ............... . 

9. Replace 305 feet of 30-inch CMP storm sewer in 
Decorah Road between 5th and 6th Avenues with 
27-inch storm sewer ...................... . 

10. Replace 353 feet of 12-inch clay storm sewer in 
Decorah Road between 5th and 6th Avenues with 
1 5-inch storm sewer ..................... .. 

11. Replace 475 feet of 15-inch storm sewer in 
Bobolink Lane between Highland View Drive and 
Silverbrook Drive with 27-inch storm sewer ....... . 

12. Replace 236 feet of 15-inch storm sewer in 
Bobolink Lane between Highland View Drive and 
Silverbrook Drive with 30-inch storm sewer . . . . . . . . 

13. Replace 159 feet of 18-inch storm sewer in 
Highland View Drive east of Bobolink Lane with 318 
feet of double 38-inch by 24-inch HE storm sewer .. . 

14. Basin K-2 inlet, 144 feet .................... . 
15. Basin K-2 outlet, 70 feet " ................... . 
16. Replace 513 feet of 15-inch CMP storm sewer 

along easement between Decorah Road and 
Evergreen Street with 30-inch storm sewer . . . . . . . . 

17. Replace 234 feet of 1 5-inch and 18-inch storm 
sewer in Evergreen Street east of Silverbrook Drive 
with 38-inch by 24-inch HE storm sewer ......... . 

18. Replace 203 feet of 18-inch storm sewer in 
Evergreen Street east of Highland View Drive 
with 42-inch storm sewer ................... . 

19. Replace 559 feet of 36-inch storm sewer in 
Highland View Drive south of Pine Drive 
with 42-inch storm sewer ................... . 

20. Replace 232 feet of 36-inch storm sewer in Pine Drive 
at Highland View Drive with 48-inch storm sewer ... 

Estimated Cost 

Capitalb 

$ 24,000 
17,000 
11,000 

83,000 

62,000 

23,000 

50,000 

137,000 

39,000 

23,000 

61,000 

35,000 

54,000 
24,000 

5,000 

77,000 

39,000 

45,000 

125,000 

59,000 

Annual Operation 
and Maintenancec 

$ 0 
20 
40 

o 

o 

o 

o 

-130 

o 

o 

o 

o 

o 
o 

-100 

o 

o 

-40 

o 

o 
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Hydrologic 
Unit 

K 
(continued) 
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Table 24 (continued) 

Project and Component Descriptiona 

21. Replace 596 feet of 27-inch storm sewer in 
Pine Drive between Highland View Drive and 
8th Avenue with 48-inch storm sewer ......... .. 

22. Replace 884 feet of 30-inch storm sewer in 
Pine Drive west of 6th Avenue to 8th Avenue 
with 42-inch storm sewer ................... . 

23. Replace 134 feet of 36-inch storm sewer in 
6th Avenue north of ~ine Drive angled northeast 
with 48-inch storm sewer . . . . . . . . . . . . . . . . . . . . 

24. Replace 200 feet of 52-inch by 36-inch CMP storm 
sewer between 5th and 6th Avenues south of Oak 
Street with 54-inch storm sewer .............. . 

25. Replace 1,754 feet 60-inch by 36-inch CMPA storm 
sewer in 5th Avenue between Oak Street and Decorah 
Road with 53-inch by 34-inch HE storm ......... . 

26. Replace 466 feet of 40-inch storm sewer just 
east of 5th Avenue between Maple and Oak Street 
with 42-inch storm sewer ................... . 

27. Replace 423 feet 30-inch storm sewer in 5th Avenue 
between Maple Street and Oak Street with 
53-inch by 34-inch HE storm sewer ............ . 

28. Replace 110 feet 30-inch storm sewer in 
Maple Street west of 5th Avenue with 
53-inch by 34-inch HE storm sewer ............ . 

29. Replace 468 feet of 15-inch and 18-inch clay storm 
sewer in Maple Street and 5th Avenue east of 
5th Avenue with 27-inch storm sewer .......... . 

30. Replace 368 feet of 82-inch by 63-inch SPPA 
storm sewer in alley and easement between 
5th Avenue and Main Street north of Maple Street 
with 83-inch by 53-inch HE storm sewer ......... . 

31. Replace 276 feet of 24-inch storm sewer in 
Main Street north of Maple Street with 
30-inch storm sewer ................... ... . 

32. Replace 486 feet of cut stone pipe that is 5.5 feet 
high, 5.0 feet wide at the base, and 3.5 feet wide 
at the top (top is an arch with a radius of 
2.5 feet) in Main Street between Chestnut Street 
and Maple Street with 72-inch storm sewer ....... . 

33. Replace 103 feet of 75-inch by 61.5-inch concrete 
box at outfall from Kilbourn Street to Milwaukee 
River with 98-inch by 63-inch HE storm sewer ..... . 

34. through 40. 
Same components as Storm Sewer Conveyance 
Alternative items 35 through 41 (see Table 22) ..... 

Storm Sewer Subtotal 

41. 2.3 acre-foot detention basin located southwest 
of the intersection Highland View and Silverbrook 
Drives. T11 N, R19E, northwest quarter, Section 23 
(basin K-1) ............................. . 

Estimated Cost 

Capitalb 

$ 152,000 

198,000 

34,000 

69,000 

457,000 

104,000 

110,000 

29,000 

60,000 

171,000 

41,000 

255,000 

63,000 

402,000 

$3,138,000 

$ 68,000 

Annual Operation 
and Maintenancec 

$ -110 

-170 

o 

-40 

o 

o 

-80 

-20 

o 

o 

o 

-90 

o 

-40 

$ -660 

$1,300 



Table 24 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

K 42. 3.3 acre-foot detention basin located in Decorah Hills 
(continued) Park between Decorah Road and Highland View Drive 

extended. Tll N, R19E, northeast quarter, Section 23 
(basin K-2) .............................. $ 112,000 $1,400 

43. 3.9 acre-foot detention basin located north of Hawthorn 
Drive between 5th and 6th Avenues. Tll N, R19E, 
northeast quarter, Section 23 (basin K-3) ......... 277,000 1,700 

44. 4.2 acre-foot detention basin located on Badger School 
grounds southeast of the intersection of 6th Avenue 
and Oak Street. T11 N, R19E, southeast quarter, 
Section 14 (basin WD4) ..................... 44,000 1,100 

- - Total $3,639,000 $4,740 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; 
HE = horizontal elliptical; and SPPA = structural plate pipe arch. 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

identified at five locations: 1) in Butternut Street 
between Main Street and Eder Lane, where 
ponding at a mid-block sag could overflow to the 
north creating the potential for flooding of 
buildings and potentially overloading the down
stream drainage system, 2) at the intersection of 
Main and Vine Streets, where, during a 100-year 
recurrence interval storm, the flow in excess of 
the existing storm sewer capacity would be 
conveyed in streets to the north, would enter 
Hydrologic Unit MR-K, and would exacerbate 
the existing ponding and flooding problem in 
Unit MR-K in 5th Avenue between Hawthorn 
Drive and Decorah Road, 3) in Hawthorn Drive 
west of Sunset Drive, where the storm sewer 
slope is the opposite of the street slope and 
excess runoff in the street from a 100-year storm 
would flow to the west into Hydrologic Unit 
MR-K, where it would aggravate the existing 

ponding and flooding problem in 5th Avenue, 
4) in Main Street between Decorah Road and 
Hawthorn Drive, where the street slope is very 
flat, and 5) at the T intersection of Birchwood 
and Hawthorn Drives, where runoff would pond 
and could overflow through yards, possibly 
flooding buildings. 

Alternative Storm water Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic 
Unit L: 1) a storm sewer conveyance plan and 
2) a storm sewer conveyance with centralized 
detention plan. 

Alternative Plan No.L-l, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan calls for the provision of replacement storm 
sewers to abate existing storm water runoff 
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Branch Reach 

2 0 

1 4 

1 6 

1 8 

1 10 

4 2 

4 4 

4 8 

5 6 

8 2 
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Table 25 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE L-', STORM SEWER CONVEYANCE 

Existing Planned Existing Planned 
10·Year 10·Year 100·Year 100·Year 

Existing Planned Storm Storm Storm Storm 
Capacitv Capacitv Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Len9th feet per feet per feet per feet per feet per 

Locationa (inches) second) (inches) (feet) second) second) second) second) second) 

In Butternut Street 15 12 3B bV 24 HE at 287 72 44 44 66 66 
between Main 3.07 percent 
Street and Eder 
Lane (208) 

In Main Street north 21 26c 42 at 0.93 661 97 63 63 95 95 
of 8utternut Street percent 
(208) 

In Main Street 42 113 76 bV 48 HE 226 301 146 146 255 255 
between Butternut 
Street and Vine 
Street (208) 

In Main Street 42 112 76 bV 48 HE 471 299 164 164 282 282 
between Butternut 
Street and Vine 
Street (208) 

In Vine Street 60 bV 38 167 76 bV 48 Hed 289 311 180 180 314 314 
between Main HE 
Street and Eder 
Lane (208) 

In Vine Street 60 bV 38 127 Two 68 bV 43 2 times 2 times 180 180 314 314 
between Eder Lane HE HEd 278 178 
and Svlvan Wav equals equals 
(208) 556 356 

In Vine Street 60 bV 38 142 68 bV 43 HE 680 194 180 180 314 314 
between Eder Lane HE 
and Svlvan WaV 
(208) 

In Vine Street 60 bV 38 143 76 bV 48 HE at 319 248 198 198 345 345 
between Eder Lane HE 0.86 percent 
and Svlvan Wav 
(208) 

In Vine Street 76 bV 48 46 76 by 48 HE at 32 248 198 198 345 345 
between Eder lane HE 0.86 percent 
and Svlvan Wav 
(208) 

In Green Vallev Place 50 bV 31 29 53 bV 34 HE 377 67 54 54 94 94 
between Sandra CMPA 
Lane and Svlvan 
WaV (208) 

In Green Vallev Place 50 bV 31 29 53 bV 34 HE 377 67 54 54 94 94 
between Sandra CMPA 
Lane and Svlvan 
Wav (208) 

In Svlvan Wav 50 bV 31 20 60 bV 38 HE 247 68 54 54 97 97 
between Vine CMPA 
Street and Green 
Valley Place (208) 

In easement on east 24 19 30 392 34 33 33 48 48 
side of Svlvan WaV 
(208) 

In Eder Lane and 18 7 36 1,068 46 29 29 46 46 
Terra Drive 
between Vine 
Street and Lincoln 
Drive East (1 89) 

I 

Frequency 

Storm Used for 
Evaluation of 

Existing Storm 
Sewers and 

Replacement of 
Inadequate Storm 

Sewers (vears) 

100 

100 

100 

100 

100 

10 

10 

10 

10 

10 

10 

10 

10 

100 



Table 25 (continued) 

Frequency 

Existing Planned Existing Planned Storm Used for 

10-Year 10-Year 100-Year 100-Year Evaluation of 
Existing Planned Storm Storm Storm Storm Existing Storm 
Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach LocationS (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

8 4 In Terrace Drive 24 13 42 at 0_55 250 75 58 58 103 103 10 
between Lincoln percent 
Drive East and 

Birchwood Drive 
(189) 

In easam ent south of 24 14 53 by 34 HE at 356 77 58 58 103 103 10 
8irchwood Drive 0.55 percent 
and west of 
railroad tracks 
(189) 

8 6 In easement south of 36 by 23 50 53 by 34 at 60 77 71 71 127 127 10 
Birchwood Drive RCPA 0.55 percent 
and west of 
railroad tracks 
(189) 

1 20 Along railroad right- 54 124· Existing 54 1,902 248 124e 162 124e 233 100 
of-way south of with parallel 
Decorah Road 54 
(189) 

9 0 In Main Street 15 10 30 at 1.0 56 44 10e 23 10e 38 100 
between Hawthorn percent 
Drive and Vine 
Street (189) 

In Main Street 21 18 30 at 1.0 56 44 10e 23 lOe 38 100 
between Hawthorn percent 
Drive and Vine 
Street (189) 

9 1 In Main Street 12 and 15 21 42 at 1.0 300 109 21 e 59 21 e 95 100 
between Hawthorn in series percentf 

Drive and Vine parallel 
Street (189) to a 21 

and 27 
in series 

In Main Street 12 and 15 21 48 at 0.51 544 103 21 e 59 21 e 95 100 
between Hawthorn in series percentf 

Drive and Vine parallel 
Street (189) to a 21 

and 27 
in series 

10 0 In Main Street 18 5 38 by 24 HE 585 50 2e 33 2e 50 100 
between Decorah at 0.68 
Road and Hawthorn percent9 

Drive (189) 

In Main Street 18 2 38 by 24 HE 585 50 2e 33 2e 50 100 

between Decorah at 0.68 
Road and Hawthorn percentg 

Drive (189) 

In Main Street 15 3 38 by 24 HE 585 50 2e 33 2e 50 100 
between Decorah at 0.68 
Road and Hawthorn percent9 
Drive (189) 

In Main Street 15 3 38 by 24 HE 585 50 2e 33 2e 50 100 

between Decorah at 0.68 
Road and Hawthorn percent9 

Drive (189) 

9 2 In Hawthorn Drive 44 by 27 48 48 at 0.85 152 132 26e 83 26e 131 100 
between Main RCPA percent 

Street and Lincoln 
Drive West (189) 

In Hawthorn Drive 36 48 48 at 0.85 199 132 26e 83 26e 131 100 
between Main percent 
Street and Lincoln 
Drive West (189) 
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Table 25 (continued) 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 
Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach Location8 (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

9 4 In Hawthorn Drive 42 25 54 at 0.86 928 182 25e 97 25e 156 100 
between Lincoln percent 
Drive West and 
Birchwood Drive 
(189) 

9 6 In Hawthorn Drive 42 114 54 at 1.0 273 213 41 108 54 180 100 
between Lincoln percent 
Drive West and 
Birchwood Drive 
(189) 

9 8 In easement east of 42 106 60 at 1.0 456 282 71 131 105 225 100 
railroad right-of- percent 
way (1 n, 189) 

1 22 In easement east of 60 147 Existing with 2,452 461 147e 306 147e 460 100 
railroad right:of- parallel 66 at 
way and north and 0.87 percent 
south of Decorah 
Road (172,189) 

1 24 In easement east of 60 193 Existing with 574 507 147 306 161 460 100 
railroad right-ol- parallel 72 
way north of 
Kilbourn Street 
(172) 

NOTE: The following abbreviations have been used: CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and RCPA = reinforced concrete pipe arch. 

a City storm sewer system plan sheet number in parentheses. 

bOiameter of circular reinforced concrete pipe unless noted otherwise. 

clncludes 10 cubic feet per second capacity of parallel 24-inch sewer in Main Street. 

dTo avoid overflow to north in Main Street and eventual ponding at Branch I, Reach 16 in MRI, Hydrologic Unit MR-K. 

eF/ow limited to storm SljJwer capacity. 

f The 21-inch and 27-inch pipes would be replaced. The parallel 12-inch and 15-inch pipes would remain to collect local runoff from MlJin Street. 

gThe replacement pipes are parallel to 132 feet of existing 29-inch by IS-Inch RCPA, 297 feet of existing 24-inch, and 163 feet of existing 27-inch with a capacity of 22 cubic feet per second. 

Source: SEWRPC. 

problems and to serve planned new urban 
development effectively. This alternative 
includes 15,080 lineal feet of replacement storm 
sewer, ranging in size from 30-inch- to 72-inch
diameter reinforced concrete pipe. The alterna
tive utilizes the existing detention storage 
available in Ziegler Park. In order to prevent 
overflow from this hydrologic unit into the 
adjacent Hydrologic Unit M during a lOO-year 
recurrence interval storm, it would be necessary 
to raise the grade under the railroad bridge at 
the outlet from Ziegler Park a maximum of 2.7 
feet. That raised grade would provide one foot of 
freeboard between the 100-year flood stage in the 
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park and the low point under the bridge and 
about 2.5 feet of freeboard between the low point 
under the bridge and the approximate low 
upstream house grade. Thus, during storms 
larger than a 100-year storm, when ponded 
water levels could rise up to or exceed the 
elevation of the low point under the bridge, 
overflow through the bridge and then to the east 
would limit upstream ponding to levels which 
would not flood houses. 

An alternative which would not involve raising 
the grade under the railroad bridge and which 
would permit overflow into Hydrologic Unit 



MR-M was also investigated. It was found that 
the amount of runoff which would overflow into 
MR-M would not cause enough reduction in peak 
flows to enable any reduction in the size of the 
storm sewers recommended to be installed in 
Hydrologic Unit MR-L. The facilities required to 
be constructed in Unit MR-M could be more 
costly because of the need to handle the addi
tional runoff which would overflow from MR-L. 
Thus, the option which would permit overflow 
from MR-L into MR-M would produce no cost 
savings and could be more costly than Alterna
tive Plan No. L-l. As a result, the overflow 
option was not considered further. 

Map 9 shows the approximate location and 
alignment of the stormwater drainage measures 
proposed under Alternative Plan L-l. Table 25 
presents a comparison of peak flows and existing 
and proposed storm sewer hydraulic capacities. 
Table 26 presents the salient characteristics and 
estimated costs of the replacement storm sewers 
comprising this alternative plan. The total 
present value cost of this alternative plan is 
$5,005,000, consisting of an estimated capital 
cost of $5,000,000 and an estimated annual 
operation and maintenance cost increase of $320. 

Alternative Plan No. L-2, Storm Sewer Convey
ance with Centralized Detention: This alterna
tive calls for an additional 5.7 acre-feet of 
detention storage in Ziegler Park to control the 
runoff from a 100-year recurrence interval storm. 
This detention storage enables the downsizing of 
1,900 lineal feet of replacement storm sewers. In 
order to prevent overflow from this hydrologic 
unit into the adjacent Hydrologic Unit M during 
a 100-year recurrence interval storm, it would be 
necessary to raise the grade under the railroad 
bridge at the outlet from Ziegler Park a maxi
mum of 2.7 feet. That raised grade would provide 
two feet of freeboard between the 100-year flood 
stage in the park and the low point under the 
bridge and about 2.5 feet of freeboard between 
the low point under the bridge and the approxi
mate low upstream house grade. A portion of the 
proposed expanded detention storage area is 
located in a wetland, as identified on the State 
wetland inventory. Aside from the features 
discussed above, this alternative is identical to 
Alternative L-l. Map 10 shows the approximate 
location, alignment, and configuration of the 
facilities called for under this alternative. 
Table 27 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau-

lie capacities. Table 28 presents the salient 
characteristics and estimated costs of the com
ponents of this alternative. The total present 
value cost of this alternative plan is $4,975,000, 
consisting of an estimated capital cost of 
$4,937,000, and an estimated annual operation 
and maintenance cost increase of $320. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative stormwater drainage plans. Each 
alternative was designed to resolve the identified 
existing drainage problems as well as to serve 
anticipated future development within the 
hydrologic unit. Each, when expanded to include 
the nonpoint source pollution control measures 
recommended in Chapter IV of this volume, 
would achieve the same degree of abatement of 
nonpoint source pollution. Thus, the principal 
criteria for the comparative evaluation were 
reduced to cost and implementability. 

The two alternative plans have essentially equal 
present value costs. Alternative L-1 would be 
more implementable than Alternative L-2 
because it would not require significant distur
bance of Ziegler Park and would avoid wetland 
disturbance. 

Recommended Storm water Management Plan: 
Because the present value costs of the two 
alternatives are essentially the same and 
because Alternative L-1 would be more readily 
implementable on storm water drainage consid
erations alone, Alternative L-1, Storm Sewer 
Conveyance, is recommended for adoption in 
this hydrologic unit. If the provision of wet 
detention storage in basin WD2 in Ziegler Park, 
as called for in Chapter IV of this volume, is 
unacceptable to City staff and officials in view 
of factors such as the loss of the baseball 
diamond and much of the playground in the 
park, the wet detention component could be 
eliminated and storm water drainage Alternative 
L-1 would still function as intended. If basin 
WD2 were eliminated, the potential water qual-

. ity benefits to the Milwaukee River provided by 
the basin would be eliminated. Some of the loss 
of that benefit could be offset through the 
implementation of infiltration of commercial 
and government and institutional parking lot 
runoff. The components and costs of the recom
mended plan are set forth in Table 9. The 
approximate location, alignment, and configura-
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Hydrologic 
Unit 

L 
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Table 26 

ALTERNATIVE L-1: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR THE WEST BEND HYDROLOGIC UNIT MR-L 

Project and Component Descriptiona 

1. Replace 287 feet of 1 5-inch storm sewer in 
Butternut Street between Main Street and Eder 
Lane with 38-inch by 24-inch HE storm sewer 

2. Replace 661 feet of 21-inch storm sewer in 
Main Street north of Butternut Street with 
42-inch storm sewer ...................... . 

3. Replace 226 feet of 42-inch storm sewer in 
Main Street between Butternut Street and Vine 
Street with 76-inch by 48-inch HE storm sewer ..... 

4. Replace 471 feet of 42-inch storm sewer in 
Main Street between Butternut Street and Vine 
Street with 76-inch by 48-inch HE storm sewer ..... 

5. Replace 289 feet of 60-inch by 38-inch storm sewer 
in Vine Street between Main Street and Eder Lane 
with 76-inch by 48-inch HE storm sewer ......... . 

6. Replace 278 feet of 60-inch by 38-inch 
storm sewer in Vine Street between Eder 
Lane and Sylvan Way with 556 feet of double 
68-inch by 43-inch HE storm sewer ............ . 

7. Replace 680 feet of 60-inch by 38-inch storm sewer 
in Vine Street between Eder Lane and Sylvan Way 
with 68-inch by 43-inch HE storm sewer ......... . 

8. Replace 319 feet of 60-inch by 38-inch storm sewer 
in Vine Street between Eder Lane and Sylvan Way 
with 76-inch by 48-inch HE storm sewer ......... . 

9. Replace 32 feet of 76-inch by 48-inch storm sewer 
at 0.03 percent slope in Vine Street between 
Eder Lane and Sylvan Way with 76-inch by 48-inch 
HE storm sewer at 0.86 percent slope .......... . 

10. Replace 393 feet of 50-inch by 31-inch 
CMPA storm sewer in Green Valley Place 
between Sandra Lane and Sylvan Way with 
53-inch by 34-inch HE storm sewer ............ . 

11. Replace 377 feet of 50-inch by 31-inch 
CMPA storm sewer in Green Valley Place 
between Sandra Lane and Sylvan Way with 
53-inch by 34-inch HE storm sewer ............ . 

12. Replace 247 feet of 50-inch by 31-inch 
CMPA storm sewer in Sylvan Way between 
Vine Street and Green Valley Place with 
60-inch by 38-inch HE storm sewer ............ . 

13. Replace 392 feet of 24-inch storm sewer 
in easement on east side of Sylvan Way 
with 36-inch storm sewer ................... . 

14. Replace 1 ,068 feet of 18-inch storm sewer in 
Eder Lane and Terrace Drive between Vine Street 
and Lincoln Drive East with 36-inch storm sewer .... 

15. Replace 250 feet of 24-inch storm sewer in 
Terrace Drive between Lincoln Drive East and 
Birchwood Drive with 42-inch storm sewer ....... . 

16. Replace 356 feet of 24-inch storm sewer 
in easement south of Birchwood Drive and 
west of railroad tracks with 53-inch by 
34-inch HE storm sewer .................... . 

Estimated Cost 

Capitalb 
Annual Operation 
and Maintenancec 

$48,000 $0 

148,000 -130 

98,000 0 

205,000 0 

126,000 0 

202,000 o 

247,000 o 

139,000 o 

14,000 o 

102,000 o 

98,000 o 

78,000 o 

59,000 o 

206,000 -200 

56,000 -50 

93,000 -70 



Table 26 (continued) 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

L 17. Replace 60 feet of 36-inch by 23-inch 
(continued) RCPA in easement south of Birchwood Drive 

and west of railroad tracks with 53-inch 
by 34-inch storm sewer ..................... 16,000 -10 

18. Install 1,902 feet of 54-inch storm sewer parallel 
to existing 54-inch storm sewer along railroad 
right-of-way south of Decorah Road ............. 655,000 360 

19. Replace 56 feet of 1 5-inch and 21-inch storm 
sewer in Main Street between Hawthorn Drive 
and Vine Street with 30-inch storm sewer . . . . . . . . . 8,000 0 

20. Replace 300 feet of 21-inch storm sewer in 
Main Street between Hawthorn Drive and 
Vine Street with 42-inch storm sewer ............ 67,000 -60 

21. Replace 544 feet of 27-inch storm sewer in 
Main Street between Hawthorn Drive and 
Vine Street with 48-inch storm sewer . . . . . . . . . . . . 139,000 -100 

22. Replace 585 feet of 15-inch and 18-inch storm 
sewer in Main Street between Decorah Road 
and Hawthorn Drive with 38-inch by 24-inch 
HE storm sewer ........................... 99,000 0 

23. Replace 152 feet of 44-inch by 27-inch RCPA in 
Hawthorn Drive between Main Street and Lincoln 
Drive West with 48-inch storm sewer ............ 39,000 0 

24. Replace 199 feet of 36-inch storm sewer in 
Hawthorn Drive between Main Street and Lincoln 
Drive West with 48-inch storm sewer . . . . . . . ..... 51,000 0 

25. Replace 928 feet of 42-inch storm sewer in 
Hawthorn Drive between Lincoln Drive West and 
Birchwood Drive with 54-inch storm sewer ........ 319,000 0 

26. Replace 273 feet of 42-inch storm sewer in 
Hawthorn Drive between Lincoln Drive West and 
Birchwood Drive with 54-inch storm sewer ........ 94,000 0 

27. Replace 456 feet of 42-inch storm sewer in easement 
east of Birchwood Drive to railroad tracks (south of 
Decorah Road) with 60-inch storm sewer ......... 191,000 0 

28. Install 2,452 feet of 66-inch storm sewer at a slope 
of 0.87 percent parallel to existing 60-inch storm 
sewer in easement east of railroad right-of-way 
located north and south of Decorah Road ......... 1,102,000 470 

29. Install 574 feet of 72-inch storm sewer parallel to 
existing 60-inch storm sewer in easement east of 
railroad right-of-way north of Kilbourn Street ....... 301,000 110 

- - Total $5,000,000 $320 

NOTE: The following abbreviations have been used: CMPA = corrugated metal pipe arch; HE = horizontal elliptical; and 
RCPA == reinforced concrete pipe arch. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 
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Table 27 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF 
STORM SEWERS: ALTERNATIVE L-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 

Capacity Capacity Flow Flow Flow Flow Sewers and 
Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 

Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach Location8 (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

Same as Alternative L-1 from Branch 2, Reach 0 through Branch 8, Reach 6 

1 20 Along railroad right- 54 124 Existing 54 1,902 215 124c 162 124c 207 100 
of-way south of with parallel 
Decorah Road 48 
(189) 

Same as Alternative L-1 from 8ranch 9, Reach 0 through Branch 9, Reach 8 

1 22 In easement east of 60 147 Existing with 2.452 461 147c 266 147c 435 100 
railroad right-af- parallel 66 at 
way and north and 0.87 percent 
south of Decorah 
Road (172, 189) 

1 24 In easement east of 60 193 Existing with 574 507 147 266 161 437 100 
railroad right-af- parallel 72 
way north of 
Kilbourn Street 
(172) 

aCity storm sewer system plan sheet number in parentheses. c Flow limited to storm sewer capacity. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

Table 28 

ALTERNATIVE L-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-L 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

1. through 17. 
Same components as Storm Sewer Conveyance 

L Alternative (see Table 26) , .............. .... $1,935,000 $ -460 
18, Install 1 ,902 feet of 48-inch storm sewer parallel 

to existing 54-inch storm sewer along railroad 
right-of-way south of Decorah Road ........ . . . . . 485,000 360 

19. through 29, 
Same components as Storm Sewer Conveyance 
Alternative (see Table 26) . . . . . . . . . . . . . . . ..... 2,410,000 420 

Storm Sewer Subtotal $4,830,000 $ 320 

30. 5.7 acre-feet of additional detention storage in 
Ziegler Park, T11 N, R19E, northwest quarter, 
Section 24 (basin L-ll ................. . . . . . . . $ 107,000 $2,100 

- - Total $4,937,000 $2,420 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies_ Costs are for year 1991 with Engineering News
Record CCI = 5,015_ 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs_ Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility_ 

Source: SEWRPC. 
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tion of the recommended facilities, including 
nonpoint source pollution control measures, are 
shown graphically on Map 14. 

Hydrologic Unit MIi-M 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-M is a 0.28-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, 95 percent of the hydrologic unit is 
developed in urban land uses. Under planned 
year 2010 conditions the hydrologic unit would 
essentially be completely developed in urban 
uses, predominantly medium-density residential 
and industrial, but would also include some 
high-density residential, commercial, and gov
ernment and institutional uses. The existing 
stormwater management system consists of 
roadway curbs and gutters, storm sewer inlets, 
storm sewers, and an open channel. A 1,700-foot
long reach of an intermittent tributary to the 
Milwaukee River flows from the Wisconsin 
Central Transportation Corporation embank
ment on the east side of Ziegler Park to a storm 
sewer located southeast of the intersection of 
Decorah Road and Eastern Avenue. The channel 
is enclosed in a storm sewer from that location 
to the Milwaukee River. 

Problems with inadequacies in both minor and 
major system hydraulic capacities were identi
fied in parts of this hydrologic unit. As seen in 
Table 29, a comparison of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year storm. In 
addition, major system capacity problems were 
identified at two locations: 1) in Decorah Road 
between Eastern and Madison Avenues, where 
ponding in a mid-block sag could result in 
overflow to the north and south and flooding of 
buildings and 2) west of the T intersection of 
Eastern Avenue and Pleasant Drive, where 
flooding of buildings could occur because ·of 
overflow through the yards to the west. 

Alternative Stormwater Drainage Plans: The 
following two alternative stormwater manage
ment plans were developed for Hydrologic Unit 
M: 1) a storm sewer conveyance plan and 2) a 
storm sewer conveyance with centralized deten
tion plan. 

Alternative Plan No. M-l, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems and to serve planned new urban 
development effectively. This alternative 
includes 3,830 lineal feet of replacement storm 
sewer, ranging in size from 24-inch- to 66-inch
diameter reinforced concrete pipe. The alterna
tive also utilizes the existing detention storage 
available along the unnamed tributary to the 
Milwaukee River. Map 9 shows the approximate 
location and alignment of the replacement storm 
sewers proposed under this alternative. Table 29 
presents a comparison of peak flows and exist
ing and proposed storm sewer hydraulic capaci
ties. Table 30 presents the salient characteristics 
and estimated costs of the replacement storm 
.sewers comprising this alternative plan. The 
total present value cost of this alternative plan 
is $1,249,000, consisting of an estimated capital 
cost of $1,250,000 and an estimat.ed annual 
operation and maintenance cost decrease of $70. 

Alternative Plan No. M-2, Storm Sewer Convey
ance with Centralized Detention: In addition to 
replacement storm sewers, this alternative calls 
for the control of the runoff from a 100-year 
recurrence interval storm through the provision 
of 4.6 acre-feet of detention storage in detention 
basin M-1, located along the unnamed tributary 
to the Milwaukee River. The detention storage 
enables the retention of 840 lineal feet of existing 
storm sewer which would be replaced under 
Alternative M-l and the downsizing of 2,280 
lineal feet of replacement storm sewers. 

The western one-third of detention basin M-1 is 
located along the unnamed tributary in an 
isolated 0.75-acre wetland. A systems-level 
wetlands evaluation and alternatives analysis, 
which concludes that construction of the basin 
as proposed is the only practicable alternative, 
is presented in Appendix A of this volume. 

Map 10 shows the approximate location, 
alignment, and configuration of the facilities 
called for under this alternative. Table 31 pre
sents a comparison of peak flows and existing 
and proposed storm sewer hydraulic capacities. 
Table 32 presents the salient characteristics and 
estimated costs of the components of this alter
native. The total present value cost of this 
alternative plan is $1,111,000, consisting of an 
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Table 29 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE M-1, STORM SEWER CONVEYANCE 

Existing Planned Existing 
10-Year 10-Year 100-Year 

Existing Planned Storm Storm Storm 
Capacity Capacity Flow Flow Flow 

Existig9 (cubic Planned (cubic (cubic (cubic (cubic 
Storm Sewer Size feet per Sizeb Length feet per feet per feet per feet per 

Branch Reach Location8 (inches) second) (inches) (feet) second) second) second) second) 

50 0 In Indiana Avenue 18 10 24 181 20 18 18 30 
south of Eastern 
Avenue (189) 

50 2 In easement south of 58 by 36 52 42 4 80 39 54 154 
Decorah Road and CMPA 
east of Eastern 
Avenue (189) 

50 4 In easement south of 58 by 36 52 42 223 80 39 54 154 
Decorah Road and CMPA 
east of Eastern 
Avenue (189) 

50 6 In easement north of 58 by 36 ~, 60 by 38 HE 200 115 44 60 154 
Decorah Road and CMPA 
east of Eastern 
Avenue (189) 

50 8 In easement north of 58 by 36 93 60 by 38 HE 413 111 45 64 92 
Decorah Road CMPA 
between Madison 
Avenue and 
Eastern Avenue 
(171) 

50 10 In Redwood Street 58 by 36 41 60 by 38 HE at 200 130 32 71 95 
between Eastern CMPA 0.82 percent 
Avenue and 
Madison Avenue 
(171) 

50 12 In Eastern Avenue 58 by 36 70 68 by 43 HE at 289 183 48 79 99 
between Pleasant CMPA 0.82 percent 
Drive and Redwood 
Street (171) 

50 14 In easement just 58 by 36 26 68 by 43 HE at 324 191 26c 83 26c,d 
west of Pleasant CMPA 0.89 percent 
Drive between 
Locust Street and 
Decorah Road 

In easement just 58 by 36 96 68 by 43 HE at 217 191 26c 83 26c,d 
west of Pleasant CMPA 0.89 percent 
Drive between 
Locust Street and 
Decorah Road 

In Riverview Drive 58 by 36 56 68 by 43 HE at 276 191 26c 83 26c,d 
between Locust CMPA 0.89 percent 
Street and Decorah 
Road (172) 

56 6 In Locust Street 30CMP 13 48 358 81 61 61 79 
between 
Pennsylvania 
Avenue and 
Riverview Drive 
(172) 

50 16 In Riverview Drive 72 by 44 161 68 by 43 HE 260 278 101 157 177 
between Riverview CMPA 
Place and Locust 
Street (172) 

In Riverview Drive 72 by 44 111 68 by 43 HE 711 192 101 157 177 
between Riverview CMPA 
Place and Kilbourn . Avenue (172) 

50 18 In easement north of 72 by 44 62 66 174 181 114 169 191 
the intersection of CMPA 
Kilbourn Avenue 
and Riverview 
Drive (172) 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; and HE = horizontal elliptical. 

BCity storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

cFlow limited to storm sewer capacity. 

Planned 
100-Year 

Storm 
Flow 
(cubic 

feet per 
second) 

30 

66 

76 

94 

105 

127 

154 

176 

176 

176 

79 

285 

285 

307 

dAn additional 89 cubic feet PH' second peak flow travels through the backyards of the buildings between Riverview Drive and Eastern Avenue and south of Locust Street. 

Source: SEWRPC. 
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Frequency 
Storm Used for 

Evaluation of 
Existing Storm 

Sewers and 
Replacement of 

Inadequate Storm 
Sewers (yearsl 

10 

100 

100 

100 

100 

100 

100 

100 

100 

100 

10 

100 

10 

10 



Table 30 

ALTERNATIVE M-1: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
ALTERNATIVE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-M 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

M 1. Replace 181 feet of 1 8-inch storm sewer in 
Indiana Avenue south of Eastern Avenue 
with 24-inch storm sewer .................... $ 20,000 $ 0 

2. Replace 4 feet of 58-inch by 36-inch CMPA 
storm sewer in easement south of Decorah 
Road and east of Eastern Avenue with 
42-inch storm sewer ....................... 1,000 0 

3. Replace 223 feet of 58-inch by 36-inch CMPA 
storm sewer in easement south of Decorah 
Road and east of Eastern Avenue with 
42-inch storm sewer ....................... 50,000 0 

4. Replace 200 feet of 58-inch by 36-inch CMPA 

- storm sewer in easement south of Decorah Road 
and east of Eastern Avenue with 60-inch by 
38-inch HE storm sewer · .................... 63,000 0 

5. Replace 413 feet of 58-inch by 36-inch CMPA 
storm sewer in easement north of Decorah Road 
between Madison Avenue and Eastern Avenue 
with 60-inch by 38-inch HE storm sewer .......... 130,000 0 

6. Replace 200 feet of 58-inch by 36-inch CMPA 
storm sewer in Redwood Street between Eastern 
Avenue and Madison Avenue with 60-inch by 
38-inch HE storm sewer · .................... 63,000 0 

7. Replace 289 feet of 58-inch by 36-inch CMPA 
storm sewer in Eastern Avenue between Pleasant 
Drive and Redwood Street with 68-inch by 
43-inch HE storm sewer · .................... 105,000 0 

8. Replace 324 feet of 58-inch by 36-inch CMPA 
storm sewer in easement just west of Pleasant 
Drive between Locust Drive and Decorah Road 
with 68-inch by 43-inch HE storm sewer .......... 118,000 0 

9. Replace 217 feet of 58-inch by 36-inch CMPA 
storm sewer in Riverview Drive between Locust 
Drive and Decorah Road with 68-inch by 
43-inch HE storm sewer · .................... 79,000 0 

10. Replace 276 feet of 58-inch by 36-inch CMPA 
storm sewer in Riverview Drive between Locust 
Drive and Decorah Road with 68-inch by 
43-inch HE storm s.ewer · .................... 100,000 0 

11 . Replace 358 feet of 30-inch CMP storm sewer in 
Locust Street between Pennsylvania Avenue and 
Riverview Drive with 48-inch storm sewer . . . . . . . . . 91,000 -70 

12. Replace 260 feet of 72-inch by 44-inch CMPA 
storm sewer in Riverview Drive between Riverview 
Place and Locust Street with 68-inch by 
43-inch HE storm sewer · .................... 94,000 0 
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Table 30 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

M 13. Replace 711 feet of 72-inch by 44-inch CMPA 
(continued) storm sewer in Riverview Drive between Riverview 

Place and Kilbourn Avenue with 68-inch by 
43-inch HE storm sewer ..................... $ 258,000 $ 0 

14. Replace 174 feet of 72-inch by 44-inch CMPA 
storm sewer in easement north of the intersection 
of Kilbourn Avenue and Riverview Drive with 
66-inch storm sewer ....................... 78,000 0 

-- Total $1,250,000 $-70 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; 
and HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforce concrete pipe. 

b'nc'udes 35 percent for engineering, administration, and contingencIes. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

estimated capital cost of $1,081,000, including 
land acquisition for the detention basin, and an 
estimated annual operation and maintenance 
cost increase of $1,930. 

Evaluation of Alternative Storm water Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative stormwater drainage plans. Each 
alternative was designed to resolve the identified 
existing drainage problems and to serve antici
pated future development within the hydrologic 
unit. Each, when expanded to include the 
nonpoint source pollution control measures 
recommended in Chapter IV of this volume, 
would achieve the same degree of abatement of 
non point source pollution. Thus, the principal 
criteria for the comparative evaluation were 
reduced to cost and implementability. 

Alternative M-2 is less costly than Alternative 
M-1, but Alternative M-1 would be more easily 
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. implemented since it would involve replacement 
of storm sewers which are generally within 
existing rights-of-way and easements and it 
would not require purchasing land or easements 
for the provision of detention basins. The 
possible location of a portion of detention basin 
M-1 in a wetland could hinder implementation of 
Alternative M-2 if it were determined that 
wetland water quality evaluation were required 
under Chapter NR 103 of the State Administra
tive Code. 

Recommended Stormwater Management Plan: 
Because of the lower cost of Alternative M-2, 
Storm Sewer Conveyance with Centralized 
Detention, it is recommended for adoption in this 
hydrologic unit. The components and costs of 
the recommended plan are set forth ip Table 9 
and the approximate location, alignment, and 
configuration of the recommended facilities, 
including nonpoint source pollution control 
measures, are shown graphically on Map 14. 



Table 31 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE M-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Existing Planned Existing 
10-Year 10-Year 100-Year 

Existing Planned Storm Storm Storm 
Capacity Capacity Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per 

Branch Reach Location8 (inchesl secondl (inchesl (feetl secondl secondl secondl secondl 

50 0 In Indiana Avenue lB 10 24 181 20 18 18 30 
south of Eastern 
Avenue (1891 

50 2 In easement south of 58 by 36 52 Retain existing 4 52 39 16 154 
Decorah Road and CMPA 
east of Eastern 
Avenue (1891 

50 4 In easement south of 58 by 36 52 Retain existing 223 52 39 16 154 
Decorah Road and CMPA 
east of Eastern 
Avenue (1891 

50 6 In easement north of 58 by 36 51 Retain existing 200 51 44 20 154 
Decorah Road and CMPA 
east of Eastern 
Avenue (1891 

50 8 In easement north of 58 by 36 93 Retain existing 413 93 45 21 92 
Decorah Road CMPA 
between Madison 
Avenue and 
Eastern Avenue 
(1711 

50 10 In Redwood Street 58 by 36 41 42 200 62 32 32 95 
between Eastern CMPA 
Avenue and 
Madison Avenue 
(1711 

50 12 In Eastern Avenue 58 by 36 70 42 289 107 48 48 99 
between Pleasant CMPA 
Drive and Redwood 
Street (1711 

50 14 In easement just 58 by 36 26 60 by 38 HE at 324 140 26c 62 26c,d 
west of Pleasant CMPA 0.89 percent 
Drive between 
Locust Street and 
Decorah Road 

In easement just 58 by 36 96 60 by 38 HE at 217 140 26c 62 26c,d 
west of Pleasant CMPA 0.89 percent 
Drive between 
Locust Street and 
Decorah Road 

In Riverview Drive 58 by 36 56 60 by 38 HE at 276 140 26c 62 26c,d 
between Locust CMPA 0.89 percent 
Street and Decorah 
Road (1721 

56 6 In Locust Street 30CMP 13 48 358 81 61 61 79 
between 
Pennsylvania 
Avenue and 
Riverview Drive 
(172) 

50 16 In Riverview Drive 72 by 44 161 60 by 38 HE 260 210 101 137 177 
between Riverview CMPA 
Place and Locust 
Avenue (1721 

In Riverview Drive 72 by 44 111 60 by 38 HE 711 145 101 137 177 
between Riverview CMPA 
Place and Kilbourn 
Avenue (172) 

50 18 In easement north of 72 by 44 62 66 174 181 114 169 191 
the intersection of CMPA 
Kilbourn Avenue 
and Riverview 
Drive (172) 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; and HE = horizontal elliptical. 

Beity storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

C Flow limited to storm sewer capacity. 

Planned 
100-Year 

Storm 
Flow 
(cubic 

feet per 
secondl 

30 

40 

40 

47 

48 

62 

88 

113 

113 

113 

79 

219 

219 

307 

dAn additional 89 cubic feet per second peak flow travels through the backyards of the buildings between Riverview Drive and Eastern Avenue and south of Locust Street. 

Source: SEWRPC. 

Frequency 
Storm Used for 

Evaluation of 
Existing Storm 

Sewers and 
Replacement of 

Inadequate Storm 
Sewers (years) 

10 

100 

100 

100 

100 

100 

100 

100 

100 

100 

10 

100 

10 

10 
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Table 32 

ALTERNATIVE M-2: COMPONENTS AND COSTS OFTHE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-M 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

M 1 . Replace 181 feet of 18-inch storm sewer in 
Indiana Avenue south Eastern Avenue with 
24-inch storm sewer ....................... $ 20,000 $ 0 

2. Replace 200 feet of 58-inch by 36-inch CMPA storm 
sewer in Redwood Street between Eastern Avenue and· 
Madison Avenue with 42-inch storm sewer ....... 45,000 0 

3. Replace 289 feet of 58-inch by 36-inch CMPA storm 
sewer in Eastern Avenue between Pleasant Drive and 
Redwood Street with 42-inch storm sewer ........ 65;000 0 

4. Replace 324 feet of 58-inch by 36-inch CMPA 
storm sewer in easement just west of Pleasant 
Drive between Locust Street and Decorah Road with 
60-inch by 38-inch HE storm sewer · ............ 102,000 0 

5. Replace 217 feet of 58-inch by 36-inch CMPA 
storm sewer in Riverview Drive between Locust 
Street and Decorah Road with 60-inch by 
38-inch HE storm sewer ..................... 68,000 0 

6. Replace 276 feet of 58-inch by 36-inch CMPA 
storm sewer in Riverview Drive between Locust 
Street and Decorah Road with 60-inch by 
38-inch HE storm sewer ..................... 87,000 0 

7. Replace 358 feet of 30-inch CMP storm sewer in 
Locust Street between Pennsylvania Avenue and 
Riverview Drive with 48-inch storm sewer . . . . . . . . . 91,000 -70 

8. Replace 260 feet of 72-inch by 44-inch CMPA 
storm sewer in Riverview Drive between 
Riverview Place and Locust Street with 
60-inch by 38-inch HE storm sewer · ............ 82,000 0 

9. Replace 711 feet of 72-inch by 44-inch CMPA 
storm sewer in Riverview Drive between 
Riverview Place and Kilbourn Avenue with 
60-inch by 38-inch HE storm sewer · . . . . . ~ . . . . . . 224,000 0 

10. Replace 174 feet of 72-inch by 44-inch CMPA 
storm sewer in easement north of the intersection 
of Kilbourn Avenue and Riverview Drive with 
66-inch storm sewer ....................... 78,000 0 

Storm Sewer Subtotal $ 862,000 $ -70 

11 . 4.6 acre-foot detention basin located southeast 
of the intersection of Eastern Avenue and 
Decorah Road, Tll N, R19E, northeast quarter, 
Section 24 (basin M-l) ...................... $ 219,000 $2,000 

- - Total $1,081,000 $1,930 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe; CMPA = corrugated metal pipe arch; 
and HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

134 



Table 33 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE N-1, STORM SEWER AND OPEN CHANNEL CONVEYANCE; ALTERNATIVE N-2, 

STORM SEWER AND OPEN CHANNEL CONVEYANCE WITH CENTRALIZED DETENTION; ALTERNATIVE N-3, 
STORM SEWER AND OPEN CHANNEL CONVEYANCE WITH STORM SEWERS IN RIVER ROAD 

Frequency 
Planned Planned Storm Used for 
10-Year 100-Year Evaluation of 

Existing Planned Storm Storm Existing Storm 
Capacity Capacity Flow Flow Sewers and 

(cubic (cubic (cubic (cubic Replacement of 
Existing Sizeb feet per Planned Sizeb Length feet per feet per feet per Inadequate Storm 

Branch Reach Storm Sewer Locationa (inches) second) (inches) (feet) second) second) second) Sewers (years) 

-- - - Lang Street east of Rolfs 72 by48 CMPA 38 68 by 43 HE 280 67 50 100 10 
Avenue (135) 

NOTE: The following abbreviations have been used: CMPA = corrugated metal pipe arch and HE = horizontal elliptical. 

aCity storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

Hydrologic Unit MR-N 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-N is a 0.41-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, 24 percent of the hydrologic unit is 
developed in urban land uses. Under planned 
year 2010 conditions the hydrologic unit would 
be about 98 percent developed in urban uses, 
predominantly medium-density residential and 
industrial, but would also include some commer
cial and two-family residential uses. The exist
ing storm water management system consists of 
roadway curbs and gutters, storm sewer inlets, 
storm sewers, roadside swales, a decentralized 
detention basin in the Woodside Manor subdivi
sion, and an open-channel drainageway. A 
1.3-mile-Iong agricultural drainageway flows 
from near the hydrologic unit topographic divide 
to the Milwaukee River. The drainageway is not 
classified as an intermittent or perennial stream 
on existing large-scale topographic maps pre
pared by the Regional Planning Commission 
for the City of West Bend in 1988 nor on the 
7.5-minute-quadrangle map of the area prepared 
by the U. S. Geological Survey. 

Problems with inadequate minor system hydrau
lic capacities were identified in parts of this 
hydrologic unit. As seen in Table 33, a compari
son of the existing 10-year recurrence interval 
storm flow in Lang Street with the capacity of 
a segment of existing storm sewer shows that 

the storm sewer has inadequate capacity to meet 
the minor system requirement of passing the 
peak rate of runoff from a 10-year storm. 

Alternative Storm water Drainage Plans: The 
following three alternative storm water manage
ment plans were considered for Hydrologic 
Unit N: 1) a storm sewer and open channel 
conveyance plan with centralized detention for 
water quality control, 2) a storm sewer and open 
channel conveyance plan with centralized deten
tion for water quality and quantity control, and 
3) a storm sewer and open channel conveyance 
plan with storm sewers in River Road and 
centralized detention for water quality control. 
The wet detention basin for water quality control 
which is recommended in Chapter IV of this 
volume, is considered here because construction 
of that basin would also provide some quantity 
control benefits as well. Those benefits would 
enable reducing the size of the proposed storm 
sewers downstream of the basin. Thus, the total 
costs for stormwater drainage and non point 
source pollution control must be compared in 
order to adequately· evaluate the relative merits 
of the alternative plans. 

Alternative Plan No. N-l, Storm Sewer and 
Open Channel Conveyance with Centralized 
Detention for Water Quality Control: Under 
planned land use conditions, this alternative 
plan would convey runoff through the provision 
of 8,730 lineal feet of new reinforced concrete 
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storm sewer, ranging in size from l8-inch
diameter to 83-inch-wide by 53-inch-high hori
zontal elliptical pipe; 1,905 lineal feet of 2.5- to 
5.5-foot-deep roadside swale; and a 60-foot-Iong, 
68-inch-wide by 43-inch-high horizontal elliptical 
reinforced concrete culvert under Lang Street. 
This alternative also calls for the modification 
of the agricultural drainageway south of Lang 
Street. The proposed l60-foot-long channel is 
sized to convey the runoff from a 100-year 
recurrence interval storm. The channel would be 
lined with riprap, would have average side 
slopes of one vertical on four horizontal, or other 
equivalent shape, and would have an average 
flood control channel bottom width of about 
fifteen feet. A small, meandering low-flow 
channel could be provided to improve the aes
thetic character of the channel. The channel 
would discharge to a l5-acre-foot wet detention 
basin, designated as WD3 in Chapter IV of this 
volume. Outflow from the wet basin would enter 
a proposed 48-inch-diameter reinforced concrete 
storm sewer which would convey flows with 
recurrence intervals up to, and including, 100 
years to the Milwaukee River. Under this alter
native, basin WD3 is sized and configured 
mainly to provide water quality control. How
ever, the need to excavate to such a depth that 
the permanent pond can adequately receive 
runoff from upstream areas results in the 
provision of surcharge storage above the perma
nent pond which allows reducing the basin 
outlet from a 78-inch-diameter pipe to the 
proposed 48-inch diameter. 

This alternative calls for the provision of curb 
cuts along the north and south sides of Lang 
Street west of its intersection with River Road. 
Those curb cuts would enable runoff which 
would be conveyed in Lang Street during storms 
with recurrence intervals in excess of 10 years 
to be conveyed to detention basin WD3. The 
overflow along the north side of the street would 
be conveyed to the detention basin through a 
68-inch-wide by 43-inch-high horizontal elliptical 
culvert at the intersection of Lang Street· and 
River Road. The overflow along the south side 
of the street would be conveyed directly to the 
detention basin through overland flow. 

Map 7 shows the approximate location and 
alignment of the stormwater drainage facilities 
proposed under this alternative. Table 33 pre
sents a comparison of peak flows and existing 
and proposed storm sewer hydraulic capacities. 
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Table 34 presents the salient characteristics and 
estimated costs of the components of this alter
native plan. The total present value cost of this 
alternative plan is $2,567,000, consisting of an 
estimated capital cost of $2,416,000 and an 
estimated annual operation and maintenance 
cost increase of $9,580. 

Alternative Plan No. N-2, Storm Sewer and 
Open Channel Conveyance with Centralized 
Detention for Water Quality and Quantity 
Control: Under planned land use conditions, this 
alternative plan calls for runoff to be conveyed 
through the provision of 8,660 lineal feet of new 
l8-inch-diameter to 83-inch-wide by 53-inch-high 
horizontal elliptical reinforced concrete storm 
sewer, 1,905 lineal feet of 2.5- to 5.5-foot-deep 
roadside swale, and a 60-foot-Iong 68-inch-wide 
by 43-inch-high horizontal elliptical reinforced 
concrete culvert under Lang Street. At, and 
upstream of, Lang Street, this plan is identical 
to Alternative N-!. Downstream of Lang Street, 
this alternative calls for the construction of dual
purpose detention basin WD3 to provide control 
of both water quantity and quality. As described 
in Chapter IV of this volume, basin WD3 would 
have a permanent pond area of approximately 
3.2 acres. In addition to the permanent pond, 
this alternative calls for 24.1 acre-feet of sur
charge storage to control runoff from storms 
with recurrence intervals up to, and including, 
100 years. The basin outlet is proposed to be a 
720-foot-long, 42-inch-diameter concrete pipe 
running from the basin through Washington 
Street (STH 33) to a 200-foot-long trapezoidal 
channel similar to that called for under Alterna
tive No. N-!. 

This alternative also calls for the provision of 
curb cuts along the north and south side of Lang 
Street west of its intersection with River Road. 
Those curb cuts would enable runoff which 
would be conveyed in Lang Street during storms 
with recurrence intervals in excess of 10 years 
to be conveyed to detention basin WD3. 

Map 8 shows the approximate location and 
alignment of the storm water drainage facilities 
proposed under this alternative. The comparison 
of peak flows and existing and proposed storm 
sewer hydraulic capacities presented in Table 33 
is also applicable to this alternative. Table 35 
presents the salient characteristics and esti
mated costs of the components of this alterna
tive plan. The total present value cost of this 
alternative plan is $2,783,000, consisting of an 



Table 34 

ALTERNATIVE N-1: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-N 

Hydrologic 
Unit 

N 

Project and Component Descriptiona 

1. Install 485 feet of new 18-inch storm sewer 
2. Install 575 feet of new 24-inch storm sewer 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

11 . 

12. 

13. 

14. 

15. 

16. 

17. 

Install 1,71 5 feet of new 30-inch storm sewer . . . . . . 
Install 1,690 feet of new 42-inch storm sewer ..... . 
Install 335 feet of new 48-inch storm sewer ...... . 
Install 1,310 feet of new 54-inch storm sewer ..... . 
Install 800 feet of new 60-inch storm sewer ...... . 
Install 790 feet of new 48-inch storm sewer ...... . 
Install 750 feet of new 83-inch-wide by 
53-inch-high HE storm sewer ................. . 
Replace 280 feet of 72-inch-wide by 48-inch-high 
CMPA storm sewer in Lang Street with 68-inch-wide 
by 43-inch-high HE storm sewer .............. . 
Construct 160-foot-long open channel 
south of Lang Street ...................... . 
Construct 190-foot-long, 3.0- to 5.5-foot-deep 
riprap-lined roadside swale along west side 
of River Road ...................... ..... . 
Construct 480-foot-long, 3-foot-wide turf-lined 
roadside swale along west side of River Road ..... . 
Construct 820-foot-long, 2.5- to 4-foot-deep turf-lined 
roadside swale along west side of River Road ..... . 
Construct 41 5-foot-long, 3-foot-deep riprap-lined 
roadside swale along west side of River Road ..... . 
Install one 60-foot-long, 63-inch-wide by 
43-inch-high HE culvert under Lang Street 
just west of River Road .................... . 
Construct 200-foot-long riprap-lined open channel 
from proposed 48-inch-diameter storm sewer outfall 
to the Milwaukee River ..................... . 

Subtotal 

18. Wet detention basin WD3d 

Total 

Estimated Cost 

Capitalb 

$ 30,000 
47,000 

180,000 
267,000 

65,000 
294,000 
207,000 
202,000 

263,000 

102,000 

35,000 

9,000 

8,000 

7,000 

22,000 

14,000 

20,000 

$1,772,000 

$ 644,000 

$2,416,000 

Annual Operation 
and Maintenancec 

$ 190 
230 
690 
320 

60 
250 
150 
150 

100 

o 

100 

80 

200 

300 

160 

o 

100 

$3,080 

$6,500 

$9,580 

NOTE: The following abbreviations have been used: CMPA = corrugated metal pipe arch and HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

d The capital cost is the total to construct the detention basin which is recommended for water quality control in Chap
ter IV of this volume. Because the basin would provide some water quantity control as well, the capital cost is presented 
here to enable comparison of the three alternative plans on a'consistent basis. 

Source: SEWRPC. 
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Table 35 

ALTERNATIVE N-2: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL CONVEYANCE 
WITH CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-N 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descrlptiona and Maintenancec 

N 1. through 7. 
Same components as Storm Sewer and Open Channel 
Conveyance Alternative (see Table 34) ........... $1,090,000 $ 1,890 

8. Install 750 feet of new 83-inch-wide by 
53-inch-high HE storm sewer ................. 263,000 100 

9. Replace 280 feet of 72-inch-wide by 48-inch-high 
CMPA storm sewer in Lang Street with 68-inch-wide 
by 43-inch-high HE storm sewer ............... 102,000 0 

10. Same components as items 12. through 16. Storm 
Sewer and Open Channel Conveyance Alternative 
(see Table 34) ............................ 60,000 740 

11 . Detention basin WD3 with a 1 OO-year storm live 
storage volume of 24.1 acre-feet ............... 146,000 12,000 

12. Construct 720 feet of 42-inch-diameter storm 
sewer for basin WD3 outlet ................... 120,000 140 

13. Construct 200-foot-long riprap-lined open channel 
from proposed 42-inch-diameter storm sewer 
outfall to the Milwaukee River ................. 20,000 100 

Subtotal $1,801,000 $14,970 

14. Wet detention basin WD3 water quality 
control componentd ........................ $ 644,000 $ 6,500 

- - Total $2,445,000 $21,470 

NOTE: The following abbreviations have been used: CMPA = corrugated metal pipe arch and HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

dThe capital cost reflects the apportionment of basin construction costs between water quality and quantity control. Under 
the apportionment procedure, the basin cost in excess of that for construction of the permanent pond alone is assigned 
to quantity control under Item 11. 

Source: SEWRPC. 

. estimated capital cost of $2,445,000 and an 
estimated annual operation and maintenance 
cost increase of $21,470. 

Alternative Plan No. N-3, Storm Sewer and Open 
Channel Conveyance with Storm Sewers in River 
Road and Centralized Detention for Water Qual
ity Control: This alternative was considered 
because the provision of an urban street cross
section with storm sewers for River Road is 
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consistent with the recommendations of the 
transportation system plan which the Commis
sion has prepared in conjunction with the City 
of West Bend. This alternative is the same as 
Alternative N-l with the exception that a total of 
about 1,910 lineal feet of reinforced concrete 
storm sewers, ranging in diameter from 15 to 36 
inches, would be substituted for the roadside 
swales and the Lang Street culvert which are 
proposed to be located along the west side of 



River Road under Alternative N-l. Those storm 
sewers would convey runoff from tributary areas 
of Hydrologic Unit MR-N as well as from lands 
located along River Road in Hydrologic Unit MR
O. As under Alternatives N-1 and N-2, this 
alternative calls for curb cuts along the north 
and south sides of Lang Street west of River 
Road to convey runoff to detention basin WD3. 

Map 12 shows the approximate location and 
alignment of the stormwater drainage facilities 
proposed under this alternative. Table 33 pre
sents a comparison of peak flows and existing 
and proposed storm sewer hydraulic capacities. 
Table 36 presents the salient characteristics and 
estimated costs of the components of this alter
native plan. The total present value cost of this 
alternative plan is $2,704,000, consisting of an 
estimated capital cost of $2,555,000 and an 
estimated annual operation and maintenance 
cost increase of $9,480. 

Evaluation of Alternative Stormwater Drainage 
Plans and Plan Recommendations: The forego
ing information provides a basis for a compara
tive evaluation of the three alternative 
stormwater drainage plans. Each alternative 
was designed to resolve the identified existing 
drainage problems as well as to serve antici
pated future development within the hydrologic 
unit. Thus, the principal criteria for the com
parative evaluation were reduced to cost, imple
mentability, and ability to control nonpoint 
source pollution. 

Alternative N-1 is less costly than Alternative 
N-2 and would be more easily implemented than 
Alternative N-2 since the proposed open channel 
and detention basin for water quality control 
would require the purchase of less land than 
would the expanded detention basin. Thus, 
implementation of Alternative N-1 would allow 
industrial development of more land than under 
Alternative N-2. 

Alternatives N-1 and N-3 are comparable except 
that the present value cost of Alternative N-3 is 
about 5 percent greater than that of Alternative 
N-1 because of the substitution of storm sewers 
for roadside swales along River Road. The 
present value cost of Alternative N-3 is about 
3 percent less than that of Alternative N-2. 

Alternatives N-1 and N-2 call for roadside swales 
along River Road, while Alternative N-3 calls for 
storm sewers in that location. In general, swales 
would enhance the ability of the storm water 

management system to control nonpoint source 
pollution in comparison to a system utilizing 
storm sewers. However, all three alternatives 
call for the provision of wet detention basin WD3 
downstream of the area where swales are substi
tuted for storm sewers. Because of the relatively 
high degree of nonpoint source pollution control 
to be achieved by basin WD3, it is concluded that 
the additional control provided through the use 
of roadside swales along River Road would be 
insignificant. Thus, Alternatives N-1 and N-2 
would not provide a significantly higher level of 
control of nonpoint source pollution than would 
Alternative No. N-3. 

Under Alternatives N-1 and N-3 the peak 
100-year recurrence interval flood flow into the 
Milwaukee River at the outlet from the hydro
logic unit would be increased from 80 cubic feet 
per second (cfs) under existing land use and 
drainage conditions to about 100 cfs under 
planned land use and drainage conditions. 
Under Alternative N-2, the 100-year recurrence 
interval flood flow from the hydrologic unit 
would remain 80 cfs. However, the 100-year flow 
from the hydrologic unit is quite small in 
comparison to the 100-year flow in the Milwau
kee River. Also, the post-development Hydrologic 
Unit MR-N flood peaks would be expected to 
occur sooner than flood peaks on the Milwaukee 
River. Thus, the increase in the peak flood flows 
from the hydrologic unit under Alternative N-1 
or N-3 would not be expected to increase peak 
flood flows on the Milwaukee River. 

Alternative N-3 is the only alternative which is 
completely consistent with the recommendations 
of the transportation system plan prepared for 
the City, which plan calls for an urban street 
cross-section for River Road. 

Recommended Stormwater Management Plan: 
Alternative N-3, Storm Sewer and Open Channel 
Conveyance with Storm Sewers in River Road 
and Centralized Detention for Water Quality 
Control, is recommended for adoption in this 
hydrologic unit because it is consistent with the 
recommendations of the transportation system 
plan prepared for the City and because its cost 
is only slightly more than the least costly 
alternative. The components and costs of the 
recommended plan are set forth in Table 9. The 
approximate location, alignment, and configura
tion of the recommended facilities, including 
non point source pollution control measures, are 
shown graphically on Map 14. 
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Map 12 

STORM SEWER AND OPEN CHANNEL CONVEYANCE WITH STORM SEWERS IN RIVER ROAD 
AND CENTRALIZED DETENTION FOR WATER QUALITY CONTROL ALTERNATIVE PLAN 
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Table 36 

ALTERNATIVE N-3: COMPONENTS AND COSTS OF THE STORM SEWER 
AND OPEN CHANNEL CONVEYANCE WITH STORM SEWERS IN RIVER ROAD 
STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-N 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona . Capitalb and Maintenance 

N 1. through 11. 
Same components as Storm Sewer and Open Channel 
Conveyance Alternative (see Table 34) ........... $1,692,000 $2,240 

12. Install 41 5 feet of new 1 5-inch storm sewer · ...... 22,000 170 
13. Install 385 feet of new 24-inch storm sewer · ...... 32,000 150 
14. Install 440 feet of new 27-inch storm sewer · ...... 41,000 180 
15. Install 670 feet of new 36-inch storm sewer · ...... 89,000 130 
16. Install 60 feet of new 68-inch-wide by 

43-inch-high HE storm sewer .................. 15,000 10 
17. Construct 200-foot-long riprap-lined open channel 

from proposed 48-inch-diameter storm sewer 
outfall to the Milwaukee River ................. 20,000 100 

Subtotal $1,911,000 $2,980 

18. Wet detention basin WD3c ................... $ 644,000 $6,500 
- - Total $2,555,000 $9,480 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index'" 5,015. 

cThe capital cost is the total to construct the detention basin which is recommended for water quality control in Chap
ter IV of this volume. Because the basin would provide some water quantity control as well, the capital cost is presented 
here to enable comparison of the three alternative plans on a consistent basis. 

Source: SEWRPC. 

Hydrologic Unit MR-O 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-O is a O.OB-square
mile area located as shown on Map 1 in Chap
ter I of this volume. This hydrologic unit includes 
much of the West Bend Industrial Park-North. 
Under existing land use conditions, 60 percent of 
the hydrologic unit is developed in predomi
nantly industrial land uses. Under year 2010 
conditions, the hydrologic unit would essentially 
be completely developed in urban uses, predom
inantly industrial, but would include some 
commercial uses. The existing stormwater man
agement system consists of roadway curbs and 
gutters, storm sewer inlets, storm sewers, road
side swales, and open channels. 

Problems with inadequate minor system hydrau
lic capacities were identified in parts of this 
hydrologic unit. As seen in Table 37, a compari
son of the existing 10-year recurrence interval 
storm flows with the capacities of the existing 
storm sewers shows that the storm sewer system 
has inadequate capacity to meet the minor 
system requirement of passing the peak rate of 
runoff from a 10-year storm. Flooding problems 
due an inadequate system of swales and open 
channels in the area north of Lang Street have 
also been reported. 

Alternative Stormwater Drainage Plans: The 
following three alternative storm water manage
ment plans were developed for Hydrologic 
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Table 37 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF 
STORM SEWERS: ALTERNATIVE 0-1, STORM SEWER AND OPEN CHANNEL CONVEYANCE 

Existing 
Capacity 

Existing (cubic Planned 
Storm Sewer Sizeb feet per Sizeb 

Branch Reach Locationa (inches) second) (inches) 

1 0 In Lang Street (134) 18 8 30 

1 2 In easement between 30 18 42 at 0.4 percent 
Lang and Washing-
ton Streets (134) 

1 4 In easement between 30 26 42 at 0.9 percent 
Lang and Washing-
ton Streets (134) 

1 6 In easement between 30 37 48 at 0.6 percent 
Lang and Washing-
ton Streets (134) 

1 8 In easement between 36 80 48 at 0.6 percent 
Lang and Washing-
ton Streets (134) 

1 10 In easement between 30 53 48 at 0.6 percent 
Lang and Washing-
ton Streets (134) 

1 12 In easement between 30 52 48 at 0.6 percent 
Lang and Washing-
ton Streets (1 34) 

aCity storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

Unit 0: 1) a storm sewer and open channel 
conveyance plan, 2) a storm sewer and open 
channel conveyance plan with centralized stor
age, and 3) a storm sewer and open channel 
conveyance plan with centralized storage and 
sewers in River Road. 

Alternative Plan No. 0-1, Storm Sewer and 
Open Channel Conveyance Alternative: The 
storm sewer and open channel conveyance 
alternative plan calls for the provision of 1,700 
lineal feet of 30-inch- to 48-inch-diameter rein
forced concrete replacement storm sewer to abate 
existing stormwater runoff problems. This 
alternative also calls for the widening and 
deepening of the open channel running from 
north to south along the back lot lines of the 
industrial properties located north of Lang 
Street. The proposed channel is sized to convey 
the runoff from a 100-year recurrence interval 
storm. The channel would be from three to nine 
feet deep, would be lined with natural vegetation 
or turf, would have average side slopes of one 
vertical on four horizontal or other equivalent 
shape, and would have an average bottom width 
of about five feet. A similar trapezoidal channel 
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Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Planned Storm Storm Storm Storm Existing Storm 
Capacity Flow Flow Flow Flow Sewers and 

(cubic (cubic (cubic (cubic (cubic Replacement of 
Length feet per feet per feet per feet per feet per Inadequate Storm 
(feet) 

201 

202 

281 

257 

216 

107 

201 

second) second) second) second) second) Sewers (years) 

31 21 26 36 43 10 

95 51 85 86 139 10 

95 51 93 86 154 10 

111 51 101 86 169 10 

111 51 109 86 183 10 

111 51 109 86 183 10 

111 51 109 86 183 10 

would be constructed in the area between Lang 
and Washington Streets in order to provide 
adequate major system capacity by conveying 
runoff in excess of the storm sewer capacity. The 
depth of that channel would range from two to 
4.5 feet. Runoff from the industrial park which 
drains to River Road would be conveyed to the 
south in a 550-foot-Iong, lo5-foot-deep roadside 
swale followed by an 800-foot-Iong, 2.5-foot-deep 
swale. That swale would have the standard City 
of West Bend rural triangular cross-section, with 
a one vertical on four horizontal side slope 
adjacent to the road and a one vertical on three 
horizontal side slope away from the road. Map 7 
shows the approximate location and alignment 
of the storm water drainage facilities proposed 
under this alternative. Table 37 presents a 
comparison of peak flows and existing and 
proposed storm sewer hydraulic capacities. 
Table 38 presents the salient characteristics and 
estimated costs of the replacement storm sewers 
comprising this alternative plan. The total 
present value cost of this alternative plan is 
$482,000, consisting of an estimated capital cost 
of $470,000 and an estimated annual operation 
and maintenance cost increase of $770. 



Table 38 

ALTERNATIVE 0-1: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-O 

Hydrologic 
Unit Project and Component Descriptiona 

0 1. Replace 201 feet of 18-inch storm sewer in 
Lang Street with 30-inch storm sewer ........... 

2. Replace 202 feet of 30~inch storm sewer in easement 
between Lang and Washington Streets with 42-inch 
storm sewer at 0.9 percent slope ............... 

3. Replace 281 feet of 30-inch storm sewer in easement 
between Lang and Washington Streets with 42-inch 
storm sewer at 0.9 percent slope ............... 

4. Replace 257 feet of 30-inch storm sewer in easement 
between Lang and Washington Streets with 48-inch 
storm sewer at 0.6 percent slope ........•...... 

5. Replace 216 feet of 36-inch storm sewer in easement 
between Lang and Washington Streets with 48-inch 
storm sewer at 0.6 percent slope ............... 

6. Replace 107 feet of 30-inch storm sewer in easement 
between Lang and Washington Streets with 48-inch 
storm sewer at 0.6 percent slope ............... 

7. Replace 201 feet of 30-inch storm sewer in easement 
between_ Lang and Washington Streets with 48-inch 
storm sewer at 0.6 percent slope ............... 

8. Construct 1 AOO-foot-Iong open channel in industrial 
park north of Lang Street .................... 

9. Construct 880-foot-long open channel through area 
between Lang and Washington Streets ........... 

10. Construct 550-foot-long, 1.5-foot-deep roadside 
swale with driveway culverts along east 
side of River Road ......................... 

11. Construct 800-foot-long, 2.5-foot-deep roadside 
swale with driveway culverts along east 
side of River Road ......................... 

- - Total 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. 

Estimated Cost 

Capitalb 
Annual Operation 
and Maintenancec 

$ 30,000 $ 0 

45,000 -40 

63,000 -50 

66,000 -50 

55,000 0 

27,000 -20 

51,000 -40 

80,000 600 

23,000 370 

12,000 0 

18,000 0 

$470,000 $770 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

Alternative Plan No. 0-2, Storm Sewer and 
Open Channel Conveyance with Centralized 
Detention Storage: This alternative calls for the 
same open channels north and south of Lang 
Street and the same swale along River Road as 
under Alternative No. 0-1. In addition, this 
alternative calls for the control of the runoff 
from a lOO-year recurrence interval storm 
through the provision of 3.2 acre-feet of deten-

tion storage along the proposed channel just 
north of Lang Street. The detention storage 
enables the retention of the existing storm sewer 
system. Map 8 shows the approximate location, 
alignment, and configuration of the facilities 
called for under this alternative. Table 39 pre
sents the salient characteristics and estimated 
costs of the components of this alternative. The 
total present value cost of this alternative plan 
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Table 39 

ALTERNATIVE 0-2: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL CONVEYANCE 
WITH CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-O 

Hydrologic 
Project and Component Descriptiona,b Unit 

0 1. Construct l,200-foot-long open channel in industrial 
park north of Lang Street .................... 

2. Construct BBO-foot-Iong open channel through area 
between Lang and Washington Streets ........... 

3. Construct 550-foot-long 1.5-foot-deep roadside 
swale with driveway culverts along east side 
of River Road ............................ 

4. Construct BOO-foot-Iong 2.5-foot-deep roadside 
swale with driveway culverts along east side 
of River Road ............................ 

5. Detention basin WD6 with a 1 OO-year live storage 
volume of 3.2 acre-feet ..................... 

- - Total 

a All new and replacement storm sewers are reinforced concrete pipe. 

b The existing storm sewers are utilized under this alternative. 

c'ncludes 35 percent for engineering, administration, and contingencies. 

Estimated Cost 

Annual Operation 
CapitalC and Maintenanced 

$ 75,000 $ 500 

23,000 370 

12,000 0 

1B,OOO 0 

63,000 900 

$191,000 $1,770 

d Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

Table 40 

ALTERNATIVE 0-3: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN 
CHANNEL CONVEYANCE WITH CENTRALIZED DETENTION AND STORM SEWERS IN RIVER 

ROAD STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-O 

Hydrologic 
Project and Component Descriptiona,b Unit 

0 1. Construct 1 ,200-foot-long open channel in industrial 
park north of Lang Street .................... 

2. Construct BBO-foot-Iong open channel through area 
between Lang and Washington Streets ........... 

3. Detention basin WD6 with a 1 OO-year live storage 
volume of 3.2 acre-feet ..................... 

- - Total 

a All new and replacement storm sewers are reinforced concrete pipe. 

b The existing storm sewers are utilized under this alternative. 

Estimated Cost 

Annual Operation 
CapitalC and Maintenance 

$ 75,000 $ 500 

23,000 370 

63,000 900 

$161,000 $1,770 

c Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construct Cost Index = 5,015. 

Source: SEWRPC. 
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is $219,000, c,msisting of an estimated capital 
cost of $191,01l0, including land acquisition for 
the detention basin, and an estimated annual 
operation anc maintenance cost increase of 
$1,770. 

Alternative P. an No. 0-3, Storm Sewer and 
Open Channel Conveyance with Centralized 
Detention Storage and Storm Sewers in River 
Road: This alt/~rnative was considered in combi
nation with Alternative N-3 for Hydrologic Unit 
MR-N. The alternative was developed because 
the provision of an urban street cross section 
with storm sewers for River Road is consistent 
with the recommendations of the transportation 
system plan which the Commission prepared in 
conjunction with the City of West Bend. This 
alternative is the same as Alternative 0-2 with 
the exception that the roadside swales called for 
under Alternative 0-2 are eliminated, replaced 
by the storm sewers· provided under Alterna
tive N-3. 

Map 13 shows the approximate location and 
alignment of the stormwater drainage facilities 
proposed under this alternative. Table 40 pre
sents the salient characteristics and estimated 
costs of the components of this alternative plan. 
The total present value cost of this alternative 
plan is $189,000 consisting of an estimated 
capital cost of $161,(:)00 and an estimated annual 
operation and maintenance cost increase 
of $1,770. 

Evaluation of Alternative Storm water Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the three 
alternative stormwater drainage plans. Each 
alternative was designed to resolve the identified 
existing drainage problems as well as to serve 
anticipated future development within the 
hydrologic unit. Each, when expanded to include 
the nonpoint source pollution control measures 
recommended in Chapter IV of this volume, 
would achieve the same degree of abatement of 
non point source pollution. Thus, the principal 
criteria for the comparative evaluation were 
reduced to cost and implementability. 

Alternative 0-3 is the least costly of the three 
alternatives and the only alternative which is 
completely consistent with the recommendations 
of the transportation system plan prepared for 
the City, which calls for an urban street cross
section for River Road. 

Portions of Alternative 0-1 would be more easily 
implemented than Alternatives 0-2 and 0-3, 
since 0-1 would involve replacement of storm 
sewers which are generally within existing 
rights-of-way and easements and it would not 
require purchasing land or easements for the 
provision of a detention basin. Because the 
recommended water quality management ele
ment of this plan calls for a wet detention basin 
to control nonpoint source pollution from the 
upstream industrial park, the construction of a 
dual-purpose detention basin under Alternatives 
0-2 and 0-3 for the control of both water quality 
and water quality would be practical and cost 
effective. 

Recommended Storm water Management Plan: 
Alternative 0-3, Storm Sewer and Open Channel 
Conveyance with Centralized Detention and 
Storm Sewers in River Road, is recommended for 
adoption in this hydrologic unit because it is the 
least costly alternative, because it is consistent 
with the recommendations of the transportation 
system plan prepared for the City, and because 
it can be constructed in conjunction with a 
recommended wet detention basin to control 
industrial park runoff. The components and 
costs of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities, 
including nonpoint source pollution control 
measures, are shown graphically on Map 14. 

Hydrologic Unit MR-P 
. Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-P is a 0.22-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, 91 percent of the hydrologic unit is 
developed in urban land uses. Under planned 
year 2010 conditions the hydrologic unit would 
essentially be completely developed in urban 
uses, predominantly medium-density residential 
and industrial, but would include some commer
cial, two-family residential, and government and 
institutional uses .. The existing storm water 
management system consists of roadway curbs 
and gutters, storm sewer inlets, and storm 
sewers. 

Problems with inadequate minor system hydrau
lic capacities were identified in parts of this 
hydrologic unit. As seen in Table 41, a compari
son of the existing 10-year recurrence interval 
storm flows with the capacities of the existing 
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Source: SEWRPC. 
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Table 41 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE P-1, STORM SEWER CONVEYANCE 

Existing 
Capacity 

Existing (cubic Planned 
Storm Sewer Sizeb feet per Sizeb 

Branch Reach locationa (inches) second) (inches) 

1 0 In Schoenhaar Drive 24 19 30 
between Hans 
Street and Creek 
Drive (119) 

1 8 In Schoenhaar Drive 42 91 68 by 43 HE 
north of Washing-
ton Street (134) 

1 10 In easement south of 60 by 38 HE 155 60 
Washington Street 
between Schoen-
haar and Lenora 
Drives extended 
(134) 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

storm sewers shows that three segments of 
storm sewer have inadequate capacities to meet 
the minor system requirement of passing the 
peak rate of runoff from a 10-year storm. No 
major system capacity problems were identified. 

Alternative Stormwater Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic 
Unit P: 1) a storm sewer conveyance plan and 
2) a storm sewer conveyance with centralized 
detention plan. 

Alternative Plan No. pol, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan provides for new and replacement storm 
sewers to abate existing storm water runoff 
problems and to effectively serve planned new 
urban development. This alternative calls for 
560 lineal feet of replacement storm sewer, 
including 30-inch- and 60-inch-diameter rein
forced concrete pipe .and 68-inch-wide by 43-inch
high horizontal elliptical reinforced concrete 
pipe. Map 9 shows the approximate location and 
alignment of the new and replacement storm 
sewers proposed under this alternative. Table 41 
presents a comparison of peak flows and exist
ing and proposed storm sewer hydraulic capaci-

Length 
(feet) 

55 

302 

203 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Planned Storm Storm Storm Storm Existing Storm 

Capacity Flow Flow Flow Flow Sowers and 

(cubic (cubic (cubic (cubic (cubic Rophtcomont of 
feet per feet per feet per feet per feet per Inadequate Storm 

second) second) second) second) second) Sewers (years) 

35 13 35 37 70 10 

183 76 151 144 256 10 

264 133 208 234 346 10 

ties. Table 42 presents the salient characteristics 
and estimated costs of the replacement storm 
sewers comprising this alternative plan. The 
total present value and capital costs of this 
alternative plan are $203,000. No net change in 
the annual operation and maintenance cost 
would be expected. 

Alternative Plan No. P-2, Storm Sewer Convey
ance with Centralized Detention: This alterna
tive calls for the provision of 2.4 acre-feet of 
detention storage. The detention basin would 
have an 80-foot-Iong, 48-inch-diameter reinforced 
concrete inlet pipe to convey runoff collected in 
the storm sewer in Schoenhaar Drive and a 
225-foot-Iong68-inch-wide by 43-inch-high 
horizontal elliptical reinforced concrete outlet to 
convey outflow from the basin to the storm 
sewer in the intersection of Schoenhaar Drive 
and Washington Street. The detention storage 
enables the retention of 450 lineal feet of existing 
storm sewer which would be replaced under 
Alternative Pol. There would also be 470 lineal 
feet of new 24-inch-diameter storm sewer and 
55 lineal feet of 30-inch-diameter replacement 
sewer installed under this alternative. Map 10 
shows the approximate location, alignment, and 
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Table 42 

ALTERNATIVE P-1: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-P 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

P 1 . Replace 55 feet of 24-inch storm sewer in 
Schoenhaar Drive between Hans Street and 
Creek Drive with 30-inch storm sewer ........... $ 8,000 $0 

2. Replace 302 feet of 42-inch storm sewer in 
Schoenhaar Drive north of Washington Street 
with 68-inch by 43-inch HE storm sewer .......... 110,000 0 

3. Replace 203 feet of 48-inch storm sewer in 
easement south of Washington Street 
between Schoenhaar and Lenora Drives 
with 60-inch storm sewer .................... 85,000 0 

- - Total $203,000 $0 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b'nc'udes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC . 

. configuration of the facilities called for under 
this alternative. Table 43 presents a comparison 
of peak flows and existing· and proposed storm 
sewer hydraulic capacities. Table 44 presents the 
salient characteristics and estimated costs of the 
components of this alternative. The total present 
value cost of this alternative plan is $164,000, 
consisting of an estimated capital cost of 
$155,000, and an estimated annual operation 
and maintenance cost increase of $600. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative storm water drainage plans. Each 
alternative was designed to resolve the identified 
existing drainage problems as well as to serve 
anticipated future development within the 
hydrologic unit. Each, when expanded to include 
the nonpoint source pollution control measur~s 
recommended in Chapter IV of this volume, 
would achieve the same degree of abatement of 
nonpoint source pollution. Thus, the principal 
criteria for the comparative evaluation were 
reduced to cost and implementability. 
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The present value cost of Alternative P-2 is 
about 80 percent of that of Alternative P-l. 
Implementation of Alternative P-1 may require 
evaluation by the Wisconsin Department of 
Natural Resources according to the standards of 
Chapter NR 103 of the Wisconsin Administra
tive Code because the replacement of the exist
ing 48-inch-diameter, 203-foot-Iong storm sewer 
at the hydrologic unit outlet would involve some 
construction in a wetland. Because the recom
mended water quality management element of 
this plan calls for a wet detention basin to 
control nonpoint source pollution from the 
upstream industrial park, the construction of a 
dual-purpose detention basin under Alternative 
P-2 for the control of both water quantity and 
quality would be practical and cost effective. 

During a November 23, 1993, interagency meet
ing of City and Regional Planning Commission 
staff, the City staff rejected the storm sewer 
conveyance with centralized detention plan 
because construction of dual-purpose wet deten
tion basin WD5 would involve the loss of high 
value, prime development land. 



Branch Reach 

1 0 

1 8 

Table 43 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE P-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Existing Planned Existing Planned 
10-Year 10-Year 100-Year 100-Year 

Existing Planned Storm Storm Storm Storm 
Capacity Capacity Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 

Storm Sewe, Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per 
Location 8 (inches) second) (inches) (feet) second) second) second) second) second) 

In Schoenhaar Drive 24 19 30 55 35 13 35 37 70 
between Hans 
Street and Creek 
Drive (119) 

In Schoenhaar Drive 42 91 Retain existing 302 913 76 88 144 256 
north of Washing-
ton Street (134) 

Frequency 
Storm Used for 

Evaluation of 
Existing Storm 

Sewers and 
Replacement of 

Inadequate Storm 

Sewers (years) 

10 

10 

Basin Inlet -- -- -- 48 at 1.24 80 160 -- 152 -- 152c 10 
WD5 percent 

Basin Outlet -- -- -- 68 by 43 HE 225 95 -- 88 -- 95 10 
WD5 at 0.22 

percent 

1 10 In easement south of 60 by 38 HE 155 Retain existing 203 146 133 130 234 270 10 
Washington Street 
between Schoen-
haar and Lenora 
Drives extended 
(134) 

NOTE: The follOWing abbreViatIOn has been used: HE = honzontal elliptical. 

a City storm sewer system plan sheet number in parentheses. 

bOiameter of circular reinforced concrete pipe unless noted otherwise. 

cAn additional 104 cubic feet per second would be conveyed in the Schoenhaar Drive storm sewer adjacent to the proposed detention basin WD5 and would bypass the proposed basin. 

Source: SEWRPC. 

Table 44 

ALTERNATIVE P-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-P 

Hydrologic 
Unit Project and Component Descriptiona 

P 1 . Replace 55 feet of 24-inch storm sewer in 
Schoenhaar Drive between Hans Street and 
Creek Drive with 30-inch storm sewer ... 

2. WD5 inlet, 80 feet of 48-inch storm sewer 
3. WD5 outlet, 225 feet of 68-inch-wide by 

43-inch-high HE storm sewer ............. ..... 
4. 2.4 acre-foot detention basin located northwest 

of the intersection of Schoenhaar Drive and 
Washington Street, T11 N, R20E, southwest 
quarter, Section 7 (basin WD5) . . . . . . . . . ....... 

- - Total 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

Estimated Cost 

Capitalb 
Annual Operation 
and Maintenancec 

$ 8,000 $ 0 
20,000 0 

82,000 0 

45,000 600 

$115,000 $600 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance costs. Negative costs were noted when the replacement component was estimated to have 
a lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 
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Table 45 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE 0-1, STORM SEWER CONVEYANCE 

Existing 
Capacity 

Existing (cubic Planned 
Storm Sewer Sizeb feet per Sizeb 

Branch Reach Locationa (inches) second) (inches) 

1 0 In Redwood Street 21 5 36 
between Juniper 
Court and Sheridan 
Drive (171) 

1 2 In Redwood Street 21 5 36 
between Sheridan 
Drive and Imperial 

Court (171) 

1 4 In Redwood Street 30 26 53 by 34 HE 
between Imperial 
Court and River 
Road South (171) 

1 6 In River Road South 30 27 53 by 34 HE 
between Redwood at 0.70 
Street and Kilbourn percentd 

Street (171) 

1 8 In River Road South 30 29 53 by 34 HE 
between Redwood at 0.70 
Street and Kilbourn percentf 

Street (171) 

1 10 Outfall in River Road 36 32 53 by 34 HE 
South between at 0.82 
Redwood Street percentg 

and Kilbourn Street 
(171) 

8City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

clncludes approximately 10 cubic feet per second overflow from Decorah Road 
in the Quass Creek subwatershed. 

dDownstream invert at elevation 903.2 feet National Geodetic Vertical Datum. 

Source: SEWRPC. 

Recommended Storm water Management Plan: 
As requested by City staff at the interagency 
staff meeting on November 23, 1993, Alternative 
P-1, Storm Sewer Conveyance, is recommended 
for adoption in this hydrologic unit. The compo
nents and costs of the recommended plan are set 
forth in Table 9. The approximate location, 
alignment, and configuration of the recom
mended facilities are shown graphically on 
Map 14. 

Hydrologic Unit MR-Q 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-Q is a 0.24-square
mile area located as shown on Map 1 in Chap
ter I . of this volume. Under existing land use 
conditions, 33 percent of the hydrologic unit is 
developed in urban land uses. Under planned 
year 2010 conditions, the hydrologic unit would 
about 98 percent developed in urban uses, pre
dominantly medium-density residential, but also 
including some two-family and high-density 
residential uses. The remaining 2 percent would 
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Length 
(feet) 

322 

325 

34B 

231 

231 

171 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Planned Storm Storm Storm Storm Existing Storm 
Capacity Flow Flow Flow Flow Sewers and 

(cubic (cubic (cubic (cubic (cubic Replacement of 
feet per feet per feet per feet per feet per Inadequate Storm 
second) second) second) second) second) Sewers (years' 

40 20 20 41 c 41 c 100 

40 20 20 41 c 41 c 100 

66 2B 2B 55c 55c 100 

B7 38 38 86e 86e 100 

87 38 38 86 86 100 

94 38 38 86 86 100 

e'nc'udes approximately 24 cubic f"flt per second overflow from Decorah Road 
in the Quass Creek subwatershed. 

f Downstream invert at elevation 901.6 feei National Geodetic Vertical Datum. 

gDownstream invert at elevation 900.2 feet National Geodetic Vertical Datum. 

be devoted to woodlands and wetlands. The 
existing stormwater management system con
sists of roadway curbs and gutters, storm sewer 
inlets, storm sewers, and an open channel 
drainageway. A 0.6-mile-Iong agricultural drain
ageway flows from the storm sewer outfall just 
east of River Road to the Milwaukee River. The 
drainageway is not classified as an intermittent 
or perennial stream on existing large-scale 
topographic maps prepared by the Regional 
Planning Commission for the City of West Bend 
in 1988 nor on the 7.5-minute-quadrangle map of 
the area prepared by the U. S. Geological Survey. 

The hydraulic capacity of the major drainage 
system is adequate. Problems with inadequate 
minor system hydraulic capacities were identi
fied in parts of this hydrologic unit. As seen in 
Table 45, a comparison of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 



the peak rate of runoff from a 10-year storm. 
There are also major system problems in Red
wood Street which are in part due to overflow 
from the Quaas Creek subwatershed as 
described in Volume Four of this report. 

Alternative Stormwater Drainage Plans: The 
following two alternative stormwater man
agement plans were considered for Hydro
logic Unit Q: 1) a storm sewer and open channel 
conveyance plan and 2) a storm sewer and 
open channel conveyance with centralized deten
tion plan. 

Alternative Plan No. Q-l, Storm Sewer and 
Open Channel Conveyance: The storm sewer 
and open channel conveyance alternative plan 
calls for the provision of 1,628 lineal feet of 36-
inch-diameter and 53-inch-wide by 34-inch-high 
horizontal elliptical reinforced concrete replace
ment storm sewer to abate existing storm water 
runoff problems. This alternative also calls for 
the widening and deepening of the agricultural 
drainageway to serve planned new urban devel
opment effectively. The channel modification 
would terminate about 0.1 mile upstream from 
the Milwaukee River, at which point the drain
ageway passes through a planned park site. The 
alignment of the proposed channel was based on 
a June 1992 preliminary subdivision and street 
layout provided by City of West Bend staff. The 
proposed channel is sized to convey the runoff 
from a 100-year recurrence interval storm. The 
channel would be lined with natural vegetation 
or turf, would have average side slopes of one 
vertical on four horizontal or other equivalent 
shape, and would have an average flood control 
channel bottom width of about 10 feet. A small, 
meandering low-flow channel would be provided. 
In the final design stage, the cross-section shape 
and alignment of the channel could be refined 
to provide an attractively landscaped feature 
within the planned residential setting. The 
planned 100-foot-wide greenway along the open 
channel would accommodate inundation in the 
flatter overbanks outside the main channel 
under 100-year flood conditions. On the basis of 
the preliminary street layout, two 48-inch
diameter reinforced concrete culverts were pro
vided at the proposed Kilbourn Street crossing. 

As shown on the June 1992 subdivision and 
street layout, the cul-de-sac which is proposed to 
be located southeast of the intersection of River 
Road and Kilbourn Street would cross the 
drainageway. It is recommended that the pre
liminary street layout be revised to modify the 

alignment of the cul-de-sac and to extend the 
proposed drainageway to the west property line 
of the land to be developed east of River Road. 
If the cul-de-sac were shortened, as shown on an 
earlier street layout provided by City staff, the 
overflow path for major drainage system runoff 
from the area to the west of River Road would 
not be blocked by the cul-de-sac or buildings 
constructed around the cul-de-sac. 

Map 14 shows the approximate location and 
alignment of the stormwater drainage facilities 
proposed under this alternative. Table 45 pre
sents a comparison of peak flows and existing 
and proposed storm sewer hydraulic capacities. 
Table 9 presents the salient characteristics and 
estimated costs of the components of this alter
native plan. The total present value cost of this 
alternative plan is $478,000, consisting of an 
estimated capital cost of $456,000 and an esti
mated annual operation and maintenance cost 
increase of $1,400. 

Alternative Plan No. Q-2, Storm Sewer and 
Open Channel Conveyance with Centralized 
Detention: The only available site for the provi
sion of detention storage within this hydrologic 
unit is the in the area to be developed east of 
River Road. Because the major drainage system 
for that area consists of a relatively inexpensive, 
vegetation-lined open channel located within a 
100-foot-wide greenway, there would be no need 
to provide detention for the purpose of reducing 
the cost of the downstream conveyance system. 
Also, because the channel is adequate to convey 
the anticipated 100-year flood flow under 
planned land use, channel, and drainage condi
tions; because the channel discharges directly to 
the Milwaukee River; and because flows from the 
hydrologic unit would have no significant 
impact on peak flows in the Milwaukee River; 
there is no need to provide detention storage to 
alleviate downstream flooding. Finally, in the 
downstream, unmodified reach of the channel, 
the estimated flow velocities and depths during 
floods with recurrence intervals ranging from 
two- through 100-years and no detention storage 
provided would not be significantly greater than 
under existing conditions and a significant 
increase in streambank erosion and streambed 
scour would not be expected. Thus, there is no 
need to provide detention to control channel 
erosion. On the basis of the above findings, an 
alternative incorporating detention storage for 
the control of flood peaks was eliminated from 
further consideration. 
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Evaluation of Alternative Storm water Drainage 
Plans and Plan Recommendations: As outlined 
above, Alternative Q-1, Storm Sewer and Open 
Channel Conveyance, is the preferable alterna
tive and it was selected for this hydrologic unit. 
The components and costs of the recommended 
plan are set forth in Table 9. The approximate 
location, alignment, and configuration of the 
recommended· facilities are shown graphically 
on Map 14. 

Hydrologic Unit MR-R 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-R is a 0.27-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, about 29 percent of the hydrologic 
unit is developed in urban land uses, which 
consist primarily of airport-related transporta
tion uses. Under planned land use conditions, 
about 74 percent of the hydrologic unit would be 
developed in urban uses, including airport, 
commercial, and medium-density multi-family 
uses. The remaining 26 percent would be devoted 
primarily to woodlands and wetlands. 

With the exception of a narrow band of commer
cial and residential land along the north side of 
E. Washington Street (STH 33) and a small area 
of residential land in the extreme northern part 
of the hydrologic unit, all the land in the unit 
north of STH 33 is presently in rural uses. 
Runoff from this area drains overland or 
through minor feeder streams to an intermittent 
unnamed tributary to the Milwaukee River. The 
existing stormwater management system for the 
West Bend Municipal Airport, which is located 
south of STH 33, consists of roadside swales and 
cross culverts which discharge to the intermit
tent unnamed tributary to the Milwaukee River. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and the flood-attenuating effects of the natural 
drainage system, there are no known existing, 
significant stormwater drainage problems in 
the unit. 

Under planned land use conditions, the airport 
would be expanded. Expansion alternatives are 
set forth in the West Bend Municipal Airport 
Runway Feasibility Study, prepared for the 
Wisconsin Department of Transportation (Wis
DOT) and the City of West. Bend in May 1993 by 
Rust Environment & Infrastructure, Inc. Accord
ing to the City Engineer, the preferred airport 
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expansion alternative at the time of preparation 
of this storm water management plan was Alter
native 3A. That alternative called for the runway 
to be realigned and extended to the northeast 
across the existing STH 33. STH 33 would be 
realigned to the north of its present alignment 
and would pass under the runway. 

Alternative Storm water Management Plans: The 
following two alternative storm water manage
ment plans were considered for Hydrologic 
Unit R: 1) a storm sewer and open channel 
conveyance plan which would maintain as much 
as possible of the existing detention storage in 
the open channel system and 2) a storm sewer 
and open channel conveyance plan with existing 
detention storage and additional centralized 
detention storage. 

Alternative Plan No. R-I, Storm Sewer and Open 
Channel Conveyance: Under planned land use 
conditions, this alternative plan would convey 
runoff to the existing unnamed tributary 
through the provision of 4,830 lineal feet of new 
reinforced concrete storm sewer, ranging in size 
from 15-inch-diameter circular reinforced con
crete pipe to 45-inch-wide by 29-inch-high hori
zontal elliptical reinforced concrete pipe. This 
alternative also calls for the provision of the 
following culverts: 1) two parallel, 470-foot-Iong, 
30-inch-diameter reinforced concrete pipe cul
verts under the realigned airport runway and 
taxiway, 2) one 60-foot-Iong, 30-inch-diameter 
reinforced concrete pipe culvert under a new 
north-south collector street which was assumed 
to cross the unnamed tributary under planned 
conditions, 3) one nO-foot-long, 30-inch-diameter 
reinforced concrete pipe culvert under the rea
ligned E. Washington Street (STH 33), where the 
highway would cross the unnamed tributary, 
and 4) one 60-foot-Iong, 18-inch-diameter rein-

. forced concrete pipe culvert under a new east
west collector street which was assumed to cross 
the unnamed tributary under planned condi
tions. Commission design standards call for the 
hydraulic structure under a collector street to 
convey the peak flow from a 10-year recurrence 
interval flood without overtopping the roadway; 
for the hydraulic structure under an arterial 
highway, such as STH 33, to convey the peak 
flow from a 50-year recurrence interval flood 
without overtopping the roadway; and for the 
hydraulic structure under an airport runway to 
convey the peak flow from a 100-year recurrence 
interval flood without overtopping the runway. 
The proposed structures all meet or exceed the 



Table 46 

ALTERNATIVE R-l: COMPONENTS AND COSTS OF THE STORM SEWER AND OPEN CHANNEL 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-R 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenance 

R 1 . Install 550 feet of 15-inch storm sewer · ......... $ 29,000 $ 220 
2. Install 370 feet of lS-inch storm sewer · ......... 23,000 150 
3. Install SOO feet of 21-inch storm sewer · ......... 56,000 320 
4. Install 690 feet of 24-inch storm sewer · ......... 20S,000 2S0 
5. Install 1,160 feet of 27-inch storm sewer ......... 10S,000 470 
6. Install 460 feet of 36-inch storm sewer · ......... 61,000 90 
7. Install SOO feet of 45-inch by 29-inch 

concrete HE storm sewer .................... 119,000 150 
S. Install two 470-foot-long, 30-inch-diameter 

RCP culverts under the proposed realigned 
West Bend Airport runway and taxiway · ......... 70,000 3S0 

9. Install one 60-foot-long, 30-inch-diameter RCP 
culvert under assumed future collector street . . . . . . . 4,000 20 

10. Install one 11 O-foot-Iong, 30-inch-diameter RCP 
culvert under proposed realigned STH 33 ......... 9,000 40 

11 . Install one 60-foot-long, 1 S-inch-diameter RCP 
culvert under assumed future collector street . . . . . . . 3,000 20 

- - Total $690,000 $2,140 

NOTE: The following abbreviations have been used: HE = horizontal elliptical and RCP = reinforced concrete pipe. 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 

Commission standards, on the basis of assumed 
new road grades. 

The proposed runway and 8TH 33 crossings of 
the unnamed tributary and the assumed north
south collector street crossing would all pass 
through wetlands located along the stream. 
Those crossings would, thus, result in some loss 
of wetlands. The wetland loss is dependent on 
the which airport expansion alternative is 
ultimately selected. The locations of both the 
road and run way crossings are governed by 
transportation, rather than stormwater manage
ment, considerations. <It would be necessary to 
obtain water quality certification from the 
Wisconsin Department of Natural Resources for 
any road or runway crossings through wetlands. 

This alternative utilizes the existing floodplain 
storage in the wetlands and other open lands 
along the unnamed tributary. The proposed road 
and highway crossings are designed to tempo-

rarily impound runoff, enhancing the utilization 
of that storage. 

Map 14 shows the approximate location and 
alignment of the stormwater management facili
ties proposed under this alternative and also the 
proposed 100-year recurrence interval floodplain 
to be maintained along the unnamed tributary. 
The floodplain area shown would have to be 
maintained under planned development condi
tionsin order to provide sufficient storage and 
conveyance of floodwaters. The City zoning 
ordinance should recognize the need to preserve 
that floodplain storage or to compensate for any 
storage loss due to filling in the floodplain. 
Table 46 presents the salient characteristics and 
estimated costs of the components of this alter
native plan. The total present value cost of this 
alternative plan is $724,000, consisting of an 
estimated capital cost of $690,000 and an esti
mated annual operation and maintenance cost 
increase of $2,140. 
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Alternative Plan No. R-2, Storm Sewer and Open 
Channel Conveyance with Centralized Deten
tion Storage: This alternative plan is identical to 
Alternative R-1 except that it calls for the 
provision of a centralized detention storage 
basin to collect runoff from a 0.5-square-mile 
area in the eastern part of subbasin MR270 and 
north of the unnamed tributary. It was found 
that the provision of that additional detention 
storage would not appreciably reduce peak flood 
flows and would, therefore, not reduce costs by 
enabling the use of fewer or smaller culverts 
under the proposed downstream airport runway 
and taxiway. Thus, this alternative was not 
considered further. 

Recommended Storm water Management Plan: 
As outlined above in the section which describes 
Alternative R-1, Storm Sewer and Open Channel 
Conveyance, the recommended plan will serve 
planned development through the provision of 
new storm sewers and culverts and the utiliza
tion of significant open channel detention 
storage along the unnamed tributary to the 
Milwaukee River. The components and costs of 
the recommended plan are set forth in Table 9. 
The approximate location, alignment, and con
figuration of the recommended facilities, includ
ing the nonpoint source pollution control 
recommendations, are shown graphically on 
Map 14. 

Hydrologic Unit MR-S , 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-S is a 0.02-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, the entire hydrologic unit is devel
oped in medium-density residential land uses. 
The existing storm water management system 
consists of roadway curbs and gutters, storm 
sewer inlets, and storm sewers. There are no 
identified intermittent or perennial streams 
within the hydrologic unit and the storm sewers 
discharge directly to the Milwaukee River. 

Problems with inadequate minor system hydrau
lic capacities were identified in parts of this 
hydrologic unit. As seen in Table 47, a compari
son of the existing 10-year recurrence interval 
storm flows with the capacities of the existing 
storm sewers shows that several sewers have 
inadequate capacities to meet the minor system 
requirement of passing the peak rate of runoff 
from a10-year storm. In addition, a major 
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system capacity problem related to overflow 
from the adjacent Hydrologic Unit MR-M was 
identified. It was found that, during storms 
producing runoff at rates exceeding the capacity 
of the existing storm sewer in Unit MR-M in 
Indiana Avenue between Locust and Oak 
Streets, runoff would pond in Indiana Avenue, 
creating the potential for overflow and flooding 
of houses on the east side of Indiana Avenue. 
The shortest route available to convey the 
ponded runoff to the Milwaukee River is to the 
north along Indiana Avenue in Unit MR-S. 

Alternative Stormwater Drainage Plans: 
Because of the lack of available open space in 
which to construct detention storage facilities, 
the only practicable solution to the storm water 
drainage problems of this hydrologic unit is to 
upgrade the storm sewer conveyance system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems. This alternative includes 1,730 lineal 
feet of replacement storm sewer, ranging in size 
from 21-inch- to 42-inch-diameter reinforced 
concrete pipe, and 500 lineal feet of new 36-inch
diameter reinforced concrete pipe. Table 47 
presents a comparison of peak flows and exist
ing and proposed storm sewer hydraulic capaci
ties. The components and costs of the 
recommended plan are set forth in Table 9 and 
the approximate location, alignment, and con
figuration of the recommended facilities is 
shown graphically on Map 14. The total present 
value cost of this alternative plan is $356,000, 
consisting of an estimated capital cost of 
$360,000 and an estimated annual operation and 
maintenance cost decrease of $240. 

Hydrologic Unit MR-T 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-T is a 0.52-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, about 20 percent of the hydrologic 
unit is developed in urban land uses, predomi
nantly in residential uses. Under planned land 
use conditions, about 50 percent of the hydro
logic unit would be developed in urban uses, 
mostly medium- and low-density residential. The 
remaining 50 percent would be devoted to water, 
woodlands, wetlands, park and recreational, 
agricultural, and other open space uses. The 



Table 47 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE S-1, STORM SEWER CONVEYANCE 

Frequency 

Existing Planned Existing Planned Storm Used for 
10·Year 10·Year 100·Year 100·Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 

Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic Icubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach Location8 (inchesl secondl (inchesl (feetl secondl secondl secondl secondl secondl Sewers (yearsl 

60 0 In Indiana Avenue New storm New storm 36 at 1.0 500 64 33c 33c 64c 64c 100 
between Locust sewer sewer percent 
Street and Oak 
Street (1781 

60 2 In Indiana Avenue 12 clay 6 36 at 1.0 364 67 33 33 64 64 100 
between Oak percent 
Street and Kilbourn 
Street (1781 

62 0 In Pennsylvania 12 clay 2 30by19HE 591 15 3d 10 3d 15d 10 
Avenue between at 0.43 
Oak Street and percent 

Kilbourn Street and 
in Kilbourn Street 
between Pennsyl· 
vania Avenue and 

Indiana Avenue 
(1781 

64 0 In Kilbourn Street 12 clay 3 21 at 1.1 273 17 11 11 20 20 10 
between Michigan percent 
Avenue and Indiana 
Avenue (1781 

In Kilbourn Street 12 clay 5 21 at 1.1 139 17 11 11 20 20 10 
between Michigan percent 

Avenue and Indiana 

Avenue (1781 

60 4 In Indiana Avenue 18 clay 8 42 at 1.0 267 101 50 57 93 105 100 
between Kilbourn percent 

Street and the 
Milwaukee River 
(1781 

In Indiana Avenue 18 clay 3 42 at 1.0 94 101 50 57 93 105 100 
between Kilbourn percente 

Street and the 
Milwaukee River 
(1781 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

8City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced, concrete pipe unless noted otherwise. 

COvert/ow from Hvdrologic Unit MR·M, Subbasin MR206. 

dAn additional 89 cubic feet per second peak flow travels through the backyards of the buildings between Riverview Drive and Eastern Avenue and south of Locust Street. 

eOutfaJl on downstream side of Indiana Avenue bridge with invert elevation 878.8 feet National Geodetic Vertical Datum. 

Source: SEWRPC. 

existing stormwater management system con
sists of roadside swales which ultimately dis
charge to Lenwood and Wallace Lakes. Those 
lakes are hydraulically connected by a culvert/ 
swale system. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and the flood-attenuating effects of the natural 
drainage system, there are no known existing, 

significant stormwater drainage problems In 

the unit. 

Alternative Storm water Management Plans: The 
following two alternative storm water manage
ment plans were considered for Hydrologic 
Unit T: 1) a storm sewer and open channel 
conveyance plan with detention storage for 
water quality control and 2) a storm sewer and 
open channel conveyance plan with detention 
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Table 48 

ALTERNATIVE T-1: COMPONENTS AND COSTS OF THE STORM SEWER AND 
OPEN CHANNEL CONVEYANCE STORMWATER DRAINAGE PLAN WITH DETENTION 

STORAGE FOR WATER QUALITY CONTROL FOR WEST BEND HYDROLOGIC UNIT MR-T 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

T 1. Install 520 feet of 12-inch storm sewer · ......... $ 23,000 $ 210 
2. Install 1,395 feet of 15-inch storm sewer · ........ 231,000 560 
3. Install 785 feet of 18-inch storm sewer · ......... 48,000 150 
4. Install 405 feet of 21-inch storm sewer · ......... 29,000 160 
5. Install 1,795 feet of 24-inch storm sewer · ........ 148,000 660 
6. Install 1,295 feet of 27-inch storm sewer · ........ 120,000 520 
7. Install 590 feet of 30-inch storm sewer · ......... 62,000 230 
8. Install 80 feet of 36-inch storm sewer ........... 11,000 20 
9. Install 360 feet of 38-inch by 24-inch 

concrete HE storm sewer .................... 45,000 70 
10. 1 ,070-foot-long, trapezoidal, turf-lined channel 

with one vertical on four horizontal side slopes 
and a 5-foot bottom width ................... 32,000 430 

11 . Four 34-foot-long, 24-inch-diameter RCP culverts 
under North River Road . . . . . . . . . . . . . . . . . . . ... 8,000 0 

-- Total $757,000 $3,010 

NOTE: The following abbreviations have been used: HE = horizontal elliptical and RCP = reinforced concrete pipe. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

storage for both water quality and quantity 
control. Both alternative plans fully utilize 
existing lake and wetland storage. 

Alternative Plan No. T-I, Storm Sewer and Open 
Channel Conveyance with Detention Storage for 
Water Quality Control: Under planned land use 
conditions, this alternative plan would convey 
runoff through the provision of 7,220 lineal feet 
of new reinforced concrete storm sewer, ranging 
in diameter from 18 inches to 36 inches. This 
alternative also calls for the modification of the 
drainageway between Wallace Lake Road and 
North River Road to protect existing houses 
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from flooding due to the runoff from a 100-year 
recurrence interval storm occurring under 
planned conditions when the upstream area is 
anticipated to be developed in medium-density 
residential uses. The proposed 1,070-foot-long, 
turf-lined, modified channel would have average 
side slopes of one vertical on four horizontal, or 
other equivalent shape, and would have an 
average flood control channel bottom width of 
about five feet. A small, meandering low-flow 
channel could be provided to improve the aes
thetic character of the channel. The existing 
18-inch-diameter corrugated metal pipe culvert 
under North River Road would be replaced with 



four 24~inch-diameter reinforced concrete cul
verts which would convey the 100-year flood flow 
without overtopping the roadway. Commission 
design standards call for the hydraulic structure 
under a collector street such as North River 
Road to convey the peak flow from a 10-year 
recurrence interval flood without overtopping 
the roadway. However, in order to prevent 
flooding of upstream houses this alternative 
plan calls for the provision of culvert capacity 
to convey the peak 100-year flood flow. 

The existing outlet structures for Wallace and 
Lenwood Lakes and for the small wetland south 
of Wallace Lake Road and west of North River 
Road in subbasin MR260 would remain the 
same. As set forth in Chapter IV of this volume, 
wet detention basin WD22 is recommended to be 
constructed in subbasin MR288 to provide 
control of non point source pollution. 

The stormwater management measures which 
discharge to Hydrologic Unit MR-T and which 
are recommended to be located in that portion of 
subbasin MR260 which receives runoff from the 
area west of STH 144 are set forth in the section 
of this chapter which describes the recom
mended plan for Hydrologic Unit MR-H. 

Map 7 shows the approximate location and 
alignment of the storm water management facili
ties proposed under this alternative. Table 48 
presents the salient characteristics and esti
mated costs of the components of this alterna
tive plan. The total present value cost of this 
alternative plan is $804,000, consisting of an 
estimated capital cost of $757,000 and an esti
mated annual operation and maintenance cost 
increase of $3,010. 

Alternative Plan No. T-2, Storm Sewer and Open 
Channel Conveyance with Detention for Water 
Quality and Quantity Control: This alternative 
plan is identical to Alternative T-l except that 
detention basin WD27 is called for to provide 
control of both water quantity and quality, 
enabling the bottom width of the modified 
downstream channel to be reduced to four feet 
and the number of 24-inch-diameter reinforced 
concrete culverts under North River Road to be 
reduced to· two. As described in Chapter IV of 
this volume, basin WD27 would have a perma
nent pond area of approximately 0.25 acre. In 
addition to the permanent pond, this alternative 
calls for 0.83 acre-feet of surcharge storage to 
control runoff from storms with recurrence 

intervals up to, and including, 100 years. Map 8 
shows the approximate location and alignment 
of the storm water drainage facilities proposed 
under this alternative. Table 49 presents the 
salient characteristics and estimated costs of the 
components of this alternative plan. The total 
present value cost of this alternative plan is 
$822,000, consisting of an estimated capital cost 
of $771,000 and an estimated annual operation 
and maintenance cost increase of $3,260. 

Evaluation of Alternative Storm water Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative storm water drainage plans. Each 
alternative was designed to serve anticipated 
future development within the hydrologic unit. 
Thus, the principal criteria for the comparative 
evaluation are cost, implementability, and 
control of nonpoint source pollution. 

Alternative T-l has marginally lower capital 
and present value costs than Alternative T-2. 
Although annual operation and maintenance 
costs of the two alternatives are similar, the 
additional detention basin called for under 
Alternative T-2 results in a somewhat higher 
annual operation and maintenance cost. Alter
native T-2 may be somewhat more difficult to 
implement since it would involve acquiring 
potentially developable land for construction of 
detention basin WD27. Both alternative plans 
provide the same degree of nonpoint source 
pollution reduction for areas directly tributary to 
Lenwood Lake. Alternative T-2 affords a greater 
level of control of loadings to Wallace Lake 
through the provision of basin WD27. 

Recommended Storm water Management Plan: 
On the basis of a comparative evaluation of the 
two alternative plans, Alternative T-2, Storm 
Sewer and Open Channel Conveyance with 
Detention for Water Quality and Quantity 
Control, is recommended for adoption in this 
hydrologic unit. That plan provides the same 
level of water quantity control as does Alterna
tive T-l, is similar in cost to Alternative T-l, and 
provides a greater degree of nonpoint source 
pollution control for Wallace Lake than does 
Alternative T-1. The recommended stormwater 
management plan, including non point source 
pollution control measures, is summarized in 
graphic form on Map 14. The components and 
costs of this recommended plan are set forth in 
Table 9. 
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Table 49 

ALTERNATIVE T-2: COMPONENTS AND COSTS OF THE STORM SEWER AND 
OPEN CHANNEL CONVEYANCE STORMWATER DRAINAGE PLAN WITH DETENTION FOR 
WATER QUALITY AND QUANTITY CONTROL FOR WEST BEND HYDROLOGIC UNIT MR-T 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

T 1 . Install 520 feet of 12-inch storm sewer · ......... $ 23,000 $ 210 
2. Install 1,395 feet of 15-inch storm sewer · ........ 231,000 560 
3. Install\ 785 feet of 18-inch storm sewer · ......... 48,000 150 
4. Install 405 feet of 21-inch storm sewer · ......... 29,000 160 
5. Install 1,795 feet of 24-inch storm sewer · ........ 148,000 660 
6. Install 1,295 feet of 27-inch storm sewer · ........ 120,000 520 
7. Install 590 feet of 30-inch storm sewer · ......... 62,000 230 
8. Install 80 feet of 36-inch storm sewer . .......... 11,000 20 
9. 360 feet of 38-inch by 24-inch 

concrete HE storm sewer .................... 45,000 70 
10. 1,070-foot-long, trapezoidal, turf-lined channel 

with one vertical on four horizontal side slopes 
and a 4-foot bottom width ................... 31,000 430 

11. Two 34-foot-long, 24-inch-diameter culverts 
under North River Road ...................... 4,000 0 

12. Increment!,!1 quantity control portion of basin 
WD27, 0.83-acre-foot detention basin to serve 
planned development ....................... 19,000 250 

-- Total $771,000 $3,260 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component witha component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

Hydrologic Unit MR-U 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-U is a 0.01-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, about 
47 percent of the hydrologic unit is developed in 
urban land uses. Under planned year 2010 land 
use conditions, the hydrologic unit would be 
about 74 percent developed for urban use, pre
dominantly low-density residential. The remain
ing 26 percent would be devoted to open lands. 
The existing drainage patterns consist of over
land flow directly to the Milwaukee River. There 
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are no identified intermittent or perennial 
streams within the hydrologic unit. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and the fairly steep topography of the residential 
area, there are no known existing, significant 
storm water drainage problems in the unit. 

Plan Recommendations: Because most of the 
hydrologic unit would be developed in low
density residential land uses under planned 
conditions, because the increase in runoff due to 
additional urban development could be ade-



quately conveyed in the existing overland 
drainageways, and because runoff from the 
hydrologic unit would have no significant 
impact on peak flows in the Milwaukee River, no 
new storm water management measures are 
considered to be needed. 

Hydrologic Unit MR-V 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-V is a 0.02-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, 22 percent of 
the hydrologic unit is in low-density residential 
use. The remaining 78 percent is in primarily 
agricultural uses. The hydrologic unit is located 
almost completely within the 100-year recurrence 
interval floodplain of the Milwaukee River and 
within a primary environmental corridor. 
Planned year 2010 land use conditions would be 
similar to existing conditions. 

The existing drainage patterns in the hydrologic 
unit consist of overland flow directly to the 
Milwaukee River and there are no known exist
ing, significant stormwater drainage problems 
in the unit. 

Plan Recommendations: Because no new urban 
development is planned for the hydrologic unit 
and no increase in storm water runoff is expected, 
no new stormwater management measures are 
recommended for this hydrologic unit. 

Hydrologic Unit MR-W 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-W is a 0.02-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, 52 percent of 
the hydrologic unit is developed in low-density 
residential uses, with the remaining land in 
primarily agricultural uses. Under planned year 
2010 conditions, about 92 percent of the hydro
logic unit would be developed in urban uses, 
which would be predominantly medium-density 
residential. The remaining rural areas would be 
open lands. The existing drainage patterns in 
the hydrologic unit consist mostly of overland 
flow directly to the Milwaukee River and of 
roadside swales along Woodford Drive also 
discharging directly to the Milwaukee River. 
There are no identified intermittent or perennial 
streams within the hydrologic unit. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and to the existence of a drainage system 
adequate for such development, there are no 
known existing, significant storm water drainage 
problems in the unit. 

Recommended Stormwater Management Plan: 
The hydrologic unit concerned is predominantly 
undeveloped and has drainage patterns consist
ing primarily of overland flow directly to the 
Milwaukee River. The configuration of the 
storm water management system for such an 
area would, to a large extent, be dictated by a 
future street layout. Because of the density of the 
planned land uses in this hydrologic unit and 
because runoff from the unit drains directly to 
the Milwaukee River, the stormwater drainage 
system would consist of a combination of storm 
sewers and overland flow. Specific stormwater 
drainage facilities would be established by 
developers and City staff during the design and 
review processes for proposed development. 
Detention storage would not be required in this 
hydrologic unit because such facilities could not 
be practically implemented to reduce overall 
costs through provision of smaller conveyance 
facilities and because increases in rates of runoff 
would have no significant impact on peak flows 
in the Milwaukee River. Drainage improvements 
in this unit would have only a small impact on 
the City capital improvements budget since most 
facilities would be paid for by private developers. 

Hydrologic Unit MR-X 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-X is a 0.04-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, about 
48 percent of the hydrologic unit is developed in 
urban land uses. Under planned year 2010 land 
use conditions, about 80 percent of the hydro
logic unit would be developed for urban uses, 
predominantly medium-density residential, gov
ernment, and institutional. The remaining 
20 percent would be devoted to wetlands and 
open lands. The existing drainage patterns 
consist of overland flow directly to the Milwau
kee River. There are no identified intermittent or 
perennial streams within the hydrologic unit. 

Much of the northeastern portion of the hydro
logic unit, including several houses, is located 
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within the 100-year recurrence interval flood
plain of the Milwaukee River. Although the 
provision of some form of flood protection may 
be desirable for the houses in the floodplain, the 
recommendation of specific flood control mea
sures for buildings in the Milwaukee River 
floodplain is beyond the scope of this report. 

The southern portion of the hydrologic unit, 
located south of the Wisconsin Central Transpor
tation Corporation and consisting of subbasin 
MR312, is in agricultural uses under existing 
conditions. There are no known existing, signifi
cant stormwater drainage problems in subbasin 
MR312. 

Recommended Storm water Management Plan: 
The additional urban development which is 
expected in this hydrologic unit under planned 
land use conditions would most likely occur in 
the northwestern corner of subbasin MR308, and 
would be located outside the 100-year recurrence 
interval floodplain of the Milwaukee River. This 
portion of the hydrologic unit is predominantly 
undeveloped and has drainage patterns consist
ing primarily of overland flow directly to the 
Milwaukee River. Under planned conditions, the 
southern portion of the hydrologic unit would be 
part of the Moraine Park Technical Institute. 
The configuration of the storm water manage
ment system for both of these areas would, to a 
large extent, be dictated by future street layouts 
and site grading considerations. Because of the 
density of the planned land uses and because 
runoff from these areas drains directly to the 
Milwaukee River, the stormwater drainage 
system would consist of a combination of storm 
sewers and overland flow. 

Specific stormwater drainage facilities, in both 
the northern and southern portions of this 
hydrologic unit, would be established by devel-

. opers and City staff· during the design and 
review processes for proposed development. 
Detention storage would not be required in this 
hydrologic unit because such facilities could not 
be practically implemented to reduce overall 
costs through provision of smaller conveyance 
facilities and because increases in rates of runoff 
would have no significant impact on peak flows 
in the Milwaukee River. Drainage improvements 
in this unit would have only a small impact on 
the City capital improvements budget since most 
facilities would be p~id for by private developers. 
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Hydrologic Unit MR-Y 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-Y is a O.OI-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, about 
23 percent of the hydrologic unit is developed in 
urban land uses. Under planned year 2010 land 
use conditions, about 63 percent of the hydro
logic unit would be developed in urban use, 
predominantly medium-density residential. The 
remaining 37 percent would be devoted to wet
lands and open lands. The existing drainage 
patterns consist of overland flow directly to the 
Milwaukee River. There are no identified inter
mittent or perennial streams within the hydro
logic unit. 

About 20 percent of the hydrologic unit area is 
located within the 100-year recurrence interval 
floodplain of the Milwaukee River. There is no 
existing urban development in this portion of the 
hydrologic unit. Because of the relatively low 
development density of the hydrologic unit 
under existing conditions and to the existence of 
a drainage system adequate for such develop
ment, there are no known existing, significant 
storm water drainage problems in the unit. 

Recommended Stormwater Management Plan: 
The portion of the hydrologic unit where urban 
development is expected under planned land use 
conditions is predominantly undeveloped under 
existing conditions and it has drainage patterns 
consisting primarily of overland flow directly to 
the Milwaukee River. The configuration of the 
storm water management system for such an 
area would, to a large extent, be dictated by a 
future street layout. Because of the density of the 
planned land uses in this hydrologic unit and 
because runoff from the unit drains directly to 
the Milwaukee River, the stormwater drainage 
system would consist of a combination of storm 
sewers and overland flow. Specific stormwater 
drainage facilities would be established by 
developers and City staff during the design and 
review processes for proposed development. 
Detention storage would not be required because 
increases in rates of runoff would have no 
significant impact on peak flows in the Milwau
kee River; however, the provision of such storage 
could be considered at the time of development 
if it were possible to achieve a cost savings in 
the conveyance system through the reduction of 
peak flows within the hydrologic unit. Drainage 



Table 50 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE Z-" STORM SEWER CONVEYANCE WITH DECENTRALIZED DETENTION 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 

Capacity Capacity Flow Flow Flow Flow Sewers and 
Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 

Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 
Branch Reach Locationa (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

4 0 Private drive east of 12 PVC 3 15 85 6 4 4 7 7 10 
Camden Lane (102) 

Private drive east of 12 PVC 3 15 179 5 4 4 7 7 10 
Camden Lane (102) 

5 0 Woodlawn Avenue 12 3 15 143 6 4 4 7 7 10 
south of Greentree 
Road (101) 

1 10 Outfall from 24CMP 26 27 43 69 60 60 95 95 10 
intersection of 

Greentree Road and 
River Road to 
Milwaukee River 
(101) 

NOTE: The following abbreviations have been us~: CMP = corrugated metal pipe and PVC = polyvinyl chloride (pipe]. 

a City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

improvements in this unit would have only a 
small impact on the City capital improvements 
budget since most facilities would be paid for by 
private developers. 

Hydrologic Unit MR-Z 
Evaluation of the Stormwater ManaJ!ement 
System: Hydrologic Unit MR-Z is a 0.05-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. As 
of 1985, about 81 percent of the hydrologic unit 
was developed in urban land uses, predomi
nantly medium-density residential, commercial, 
government and institutional. Since 1985, the 
hydrologic unit has been further developed for 
multi-family residential use. Its current state of 
development, with about 97 percent of the hydro
logic unit in urban uses, is essentially that of 
plan year 2010 conditions. The remaining 
3 percent is devoted to open lands. The existing 
stormwater management system consists of 
roadway curbs and gutters, storm sewer inlets, 
storm sewers, roadside swales, and two decen
tralized detention basins. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 

Problems with inadequate minor system hydrau
lic capacities were identified in this hydrologic 
unit. As seen in Table 50, a comparison of the 
existing 10-year recurrence interval storm flows 
with the capacities of the existing storm sewers 
shows that four segments of storm sewer have 
inadequate capacities to meet the minor system 
requirement of passing the peak rate of runoff 
from a 10-year storm. No major system capacity 
problems were identified. 

Alternative Stormwater Drainage Plans: Because 
of the lack of available open space in which to 
construct additional detention storage facilities, 
the only practicable solution to the storm water 
drainage problems of this hydrologic unit is to 
upgrade the storm sewer conveyance system. 

Plan Recommendations: The recommended 
storm sewer conveyance with decentralized 
detention plan calls for maintaining the existing 
decentralized detention facilities and for provid
ing replacement storm sewers to abate existing 
storm water runoff problems. This recommended 
plan includes 450 lineal feet of replacement 
storm sewer, ranging in size from 15-inch- to 
27-inch-diameter reinforced concrete pipe. 
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Because of a mid-block sag in Woodlawn Avenue 
between Fairview Drive and Greentree Road, the 
recommended plan calls for preserving the 
existing overland flow drainageway from Wood
lawn Avenue eastward to the subbasin outlet to 
enable runoff in excess of the proposed storm 
sewer capacity to be conveyed to the subbasin 
outlet without flooding any buildings. 

Table 50 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau
lic capacities. The components and costs of the 
recommended plan are set forth in Table 9. The 
approximate location, alignment, and configura
tion of the recommended facilities, including 
measures for the control of nonpoint source 
pollution, are shown graphically on Map 14. The 
total capital cost of this plan is about $33,000 
and there would be no increase in the annual 
operation and maintenance cost over existing 
conditions. 

Hydrologic Unit MR-AA 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AA is a 0.05-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
hydrologic unit is essentially completely devel
oped for urban uses, predominantly medium
density residential, high-density residential, 
commercial, and government and institutional. 
The existing storm water management system in 
the western portion of the hydrologic unit to the 
south and west of Fairview Drive, consists of 
roadway curbs and gutters, storm sewer inlets 
and storm sewers. The remaining area of the 
hydrologic unit, to the east of Fairview Drive, is 
drained through a combination of overland flow 
directly to the Milwaukee River and storm 
sewers which discharge directly to the River. 
There are no identified intermittent or perennial 
streams within the hydrologic unit. There are no 
known existing, significant storm water drainage 
problems in the unit. 

Plan Recommendations: Under planned year 
2010 conditions, the existing storm sewers in the 
western portion of the hydrologic unit were 
found to have adequate capacities to meet the 
minor system requirement of passing the peak 
rate of runoff from a 10-year storm. The eastern 
portion of the hydrologic unit has adequate 
drainage through overland flow directly to the 
Milwaukee River. Maintenance of the existing 
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overland flow paths which function to convey 
runoff when the storm sewer capacities are 
exceeded will insure adequate functioning of the 
major drainage system. Therefore, no new 
stormwater management measures are recom
mended for this hydrologic unit .. 

Hydrologic Unit MR-AB 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AB is a 0.04-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
entire hydrologic unit is developed in urban land 
uses, which consist primarily of medium-density 
residential and two-family residential uses. 
Under planned year 2010 land use conditions it 
is anticipated that some residential land will be 
redeveloped as commercial, potentially increas
ing the impervious area in the unit. The existing 
storm water management system consists of 
roadway curbs and gutters, storm sewer inlets, 
and storm sewers. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 51, a 
comparison of the existing and planned 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year storm. 
Also, several existing storm sewers have inade
quate capacity to convey the peak runoff from 
a 10-year recurrence interval storm; however, the 
overall minor system capacity of the sewers and 
a portion of the street is adequate because that 
capacity meets the requirements of Standard 
No.3 of Objective No.1, as set forth in Chap
ter IV of Volume One of this report. That 
standard calls for the provision of two clear 
10-foot-wide lanes for moving traffic on existing 
arterial streets and one clear 10-foot-wide lane 
for moving traffic on existing collector and land 
access streets during storm events up to and 
including the 10-year recurrence interval event. 
The application of the standard for arterial 
streets to this hydrologic unit avoids the replace
ment of the following pipes in Barton Avenue 
(STH 144): 1) 401 feet of 12-inch-diameter storm 



Table 51 

COMPARISON OF PROPOSED FLOWS AND HYDRAULIC CAPACITIES 
OF STORM SEWERS: ALTERNATIVE AB-1, STORM SEWER CONVEYANCE 

Frequency 
Storm Used for 
Evaluation of 

Planned Existing Storm 
Existing Planned 10-Year Sewers and 
Capacity Capacity Storm Flow Replacement of 

Existing Sizeb (cubic feet Planned Sizeb Length (cubic feet (cubic feet Inadequate Storm 
Branch Reach Storm Sewer Locationa (inches) per second) (inches) (feet) per second) per secondl Sewers (vearsl 

1 0 Barton Avenue (5TH 144) 12 5c Retain existing piped 35 -- 11 10 
between Jefferson Street and 
Roosevelt Drive (1161 

1 2 Intersection of Barton Avenue 12 5c Retain existing piped 48 -- 17 10 
(5TH 144) and Roosevelt 
Drive (116) 

1 2 Barton Avenue (5TH 144) 15 10c Retain existing piped 312 -- 17 10 
northeast of Roosevelt Drive 
(1161 

1 4 Barton Avenue (5TH 144) 18 25 Retain existing piped 217 -- 28 10 
between River Drive and the 
Milwaukee River (100) 

-- -- Monroe Street southwest of 10 cast iron 5 Retain existing pipee 133 -- 10 10 
Roosevelt Drive 1116) 

-- -- Monroe Street southwest of 12 6 18 at 2.8 percent 159 18 17 10 
Roosevelt Drive 1116) 

-- -- Intersection of Roosevelt Drive 15 4 21 at 2.5 percent 32 25 18 10 
and Monroe Street (116) 

-- -- Intersection of Roosevelt Drive 15 13 21 at 2.5 percent 45 25 18 10 
and Monroe Street 1116) 

-- -- Monroe Street between 15 14 24 at 3.9 percent 348 45 33 10 
Roosevelt and River Drives 
1101) 

-- -- Intersection of River Drive and 24 by 24 concrete box 24c 24 at 3.9 percent 30c 45 37 10 
Monroe Street 1101) 

-- -- Easement northeast of River 24CMP 44 Retain existing pipe 37 -- 37 10 
Drive 1101) 

-- -- MR363 outfall to Milwaukee 24CMP 39 Retain existing pipe 70 -- 37 10 
River 1101) 

NOTE: The following abbreviation has been used: CMP = corrugated metal pipe. 

a City storm sewer system plan sheet number in parentheses. 

bOiameter of circular reinforced concrete pipe unless noted otherwise. 

c Estimated using street slope. Field surveyed slope is not available. 

d Allowable street capacity is 13 cubic feet per second per Objective No.1, Standard 3, of Volume One of this repan. Twenty-foot-wide nonhbound lanes would remain open. All or pan of 
southbound lanes would be flooded. 

e Allowable street capacity is seven cubic feet per second per Objective No.1, Standard 3, of Volume One of this repon. 

Source: SEWRPC. 

sewer, 2) 312 feet of 15-inch-diameter storm 
sewer, and 3) 217 feet of 18-inch-diameter storm 
sewer, as well as 133 feet of IO-inch-diameter 
cast iron storm sewer in Monroe Street south
west of Roosevelt Drive. 

Alternative Stormwater Drainage Plans: Because 
of the lack of acceptable, cost-effective open space 
sites for detention storage facilities, the only 
practicable solution to the stormwater drainage 
problems of this hydrologic unit is to upgrade the 
storm sewer conveyance system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing storm water runoff 
problems. This plan includes 610 lineal feet of 
replacement storm sewers, ranging in size from 
18-inch- to 24-inch-diameter reinforced concrete 
pipe. Table 51 presents a comparison of peak 
flows and existing and proposed storm sewer 
hydraulic capacities. The components and costs 
of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
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and configuration of the recommended facilities, 
including measures for the control of nonpoint 
source pollution, are shown graphically on 
Map 14. The total present value cost of this plan 
is $62,000, on the basis of an estimated capital 
cost of $62,000 and no increase in annual 
operation and maintenance costs. 

Hydrologic Unit MR-AC 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AC is a 0.02-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, 
75 percent of the hydrologic unit is developed in 
urban land uses. Under planned year 2010 land 
use conditions, about 92 percent of the hydro
logic unit would be developed in urban uses, 
predominantly medium-density residential, high
density residential, and commercial. The remain
ing a percent would be devoted to wetlands and 
open lands located in the primary environmental 
corridor and floodplain along the Milwaukee 
River. The existing drainage patterns in the 
hydrologic unit consist of flow in short lengths 
of street gutter and overland flow directly to the 
Milwaukee River. There are no identified inter
mittent or perennial streams within the hydro
logic unit. There are no known existing, 
significant stormwater drainage problems in 
the unit. 

Plan Recommendations: Because the increase in 
runoff due to additional urban development in 
the hydrologic unit could be adequately con
veyed in the existing gutters, streets, and 
overland drainageways and because increases in 
rates of runoff from the hydrologic unit would 
have no significant impact on peak flows in the 
Milwaukee River, no new storm water manage
ment measures are considered to be needed. 

Hydrologic Unit MR-AD 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AD is a 0.01-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, 
44 percent of the hydrologic unit is developed in 
urban land uses. Under planned year 2010 land 
use conditions, about 68 percent of the hydro
logic unit would be developed for urban uses, 
predominantly multi-family residential and 
commercial. The remaining 32 percent would be 
devoted to wetlands and woodlands located in 
the primary environmental corridor and flood-
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plain along the Milwaukee River. The existing 
drainage patterns in the hydrologic unit consist 
of overland flow directly to the Milwaukee River. 
There are no identified intermittent or perennial 
streams within the hydrologic unit. 

The existing drainage system is adequate for the 
existing level of development in the hydrologic 
unit and there are no known existing, significant 
stormwater drainage problems in the unit. 

Plan Recommendations: Because the increase in 
runoff due to additional urban development in 
the hydrologic unit could be adequately con
veyed in the existing overland drainageways; 
and because increases in rates of runoff would 
have no significant impact on peak flows in the 
Milwaukee River, no new stormwater manage
ment measures are recommended. 

Hydrologic Unit MR-AE 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-AE is a 0.07-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, 
about 76 percent of the hydrologic unit is devel
oped in urban land uses. Under planned year 
2010 conditions, approximately 82 percent of the 
unit would be developed in urban uses, including 
residential, commercial, and industrial uses. The 
remaining 18 percent would be devoted to wet
lands, woodlands, and open lands in the primary 
environmental corridor and floodplain along the 
Milwaukee River. The existing storm water 
management system consists of roadway curbs 
and gutters, storm sewer inlets, storm sewers, 
and direct overland flow to the Milwaukee River. 
There are no identified intermittent or perennial 
streams within the hydrologic unit and the 
storm sewers discharge directly to the Milwau
kee River. 

Problems with inadequate minor system hydrau
lic capacities were identified in parts of this 
hydrologic unit. As seen in Table 52, a compari
son of the existing and planned 10-year recur
rence interval storm flows with the capacities of 
the existing storm sewers shows that several 
sewers have inadequate capacities to meet the 
minor system requirement of passing the peak 
rate of runoff from a 10-year storm. Several 
additional existing storm sewers have inade
quate capacity to convey the peak runoff from 
a 10-year recurrence interval storm, however, the 
overall minor system capacity of the sewers and 



Table 52 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AE-1, STORM SEWER CONVEYANCE 

Existing El<isting 

Planned and Planned and Planned 
Existing Capacity 10-Year 100-Year 

Existing Capacity (cubic Storm Flow Storm Flow 
Sizeb (cubic feet Planned Sizeb Length feet per (cubic feet (cubic feet 

Frequency 
Storm Used for 

Evaluation of 

Existing Storm 
Sewers and 

Replacement of 
Inadequate Storm 

Branch Reach Storm Sewer Location a (inches) per second) (inches) (feet) second) per second) per second) Sewers (years) 

1 0 Main Street between Harrison 12 6 Retain existing pipec 328 -- 7 12 10 
and Monroe Streets (116) 

1 0 Main Street between Harrison 12 6 Retain existing pipec 22 -- 7 12 10 
and Monroe Streets (116) 

1 2 Main Street between Monroe 15 10 Retain existing piped 347 -- 16 24 10 
Street and Barton Avenue 
(116) 

1 2 Main Street between Monroe 15 6 Retain existing piped 25 -- 16 24 10 
Street and Barton Avenue 
(116) 

1 4 Main Street southeast of Barton 15 10 21 at 2.9 percent 162 27 25 38 10 
Avenue (116) 

1 4 Main Street southeast of Barton 15 12 21 at 2.9 percent 257 27 25 38 10 
Avenue (116) 

1 6 Main Street between Spring 18 9 24 at 1.85 percent 384 31 30 45 10 
Street and Fond du Lac Street 
(116) 

1 6 Main Street between Spring 18 12 24 at 1 .85 percent 55 31 30 45 10 
Street and Fond du Lac Street 
(116) 

1 8 Main Street south of Fond du Lac 18 22 24 at 2.9 percent 310 39 39 60 10 
Street (116) 

1 10 Main Street between High Street 24 51 Retain existing pipe 311 -- 49 75 10 
and Park Avenue (116) 

1 10 Main Street between High Street 24 51 Retain existing pipe 306 -- 49 75 10 
and Park Avenue (116) 

1 12 Easement between Main Street 24 6 53 by 34 HE at 339 60 64 98 10 
and the Milwaukee River 0.34 percent 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

BCity storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

c Allowable street capacity is 12 cubic feet per second per Objective No.1, Standard 3, of Volume One of this repon. 

d Allowable street capacity is 11 cubic feet per second per Objective No.1, Standard 3, of Volume One of this report. 

Source: SEWRPC. 

a portion of the street is adequate because that 
capacity meets the requirements of Standard 
No.3 of Objective No.1 as set forth in Chap
ter IV of Volume One of this report. That 
standard calls for the provision of two clear 
10-foot-wide lanes for moving traffic on existing 
arterial streets, such as Main Street, during 
storm events up to and including the 10-year 
recurrence interval event. The application of 
that standard to this hydrologic unit avoids the 

replacement of 350 feet of l2-inch-diameter storm 
sewer in Main Street between Harrison and 
Monroe Streets and 372 feet of l5-inch-diameter 
storm sewer in Main Street between Monroe 
Street and Barton Avenue. Replacement storm 
sewers located downstream from the storm sewer 
.reaches listed above must be designed to provide 
adequate inlet capacity to handle local inflow 
plus the flow in the street from the upstream 
reaches where street flow is allowed. 
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There is a mid-block sag in Fond du Lac Street 
between Harrison Street and Barton Avenue. 
Runoff at rates in excess of the hydraulic 
capacity of the storm sewers could pond in this 
sag. The outlet for runoff ponded in the sag is 
overland flow to the west into a depression 
storage area in internally drained subbasin 
MR366I. The volume of overflow is small enough 
that it can be adequately accommodated in 
the depression. 

Runoff from subbasin MR365 at rates in excess 
of the hydraulic capacity of the storm sewers 
would pond at the intersection of Park A venue 
and Main Street and then overflow to the east 
through open lands along the Milwaukee River. 
It is essential to the adequate functioning of the 
major stormwater drainage system that the 
overland flow path to the Milwaukee River 
be maintained. 

Alternative Storm water Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic Unit 
AE: 1) a storm sewer conveyance plan and 2) a 
storm sewer conveyance with centralized deten
tion plan. 

Alternative Plan No. AE-l, Storm Sewer Con
veyance: The storm sewer conveyance alterna
tive plan calls for the provision of replacement 
storm sewers to abate existing storm water 
runoff problems. This alternative includes 1,510 
lineal feet of replacement storm sewer, ranging 
in size from 15-inch-diameter circular to 53-inch
wide by 34-inch-high horizontal elliptical rein
forced concrete pipe. Under this alternative, the 
overland flow path to the Milwaukee River 
located east of the intersection of Main Street 
and Park Avenue would be maintained. Map 9 
shows the approximate location and alignment 
of the replacement storm sewers proposed under 
this alternative. Table 52 presents a comparison 
of peak flows and existing and proposed storm 
sewer hydraulic capacities. Table 53 presents the 
salient characteristics and estimated costs of the 
replacement storm sewers compris~ng this alter
native plan. The total present value cost of this 
alternative plan is $216,000, consisting of an 
estimated capital cost of $214,000 and an esti
mated annual operation and maintenance cost 
increase of $100. 

Alternative Plan No. AE-2, Storm Sewer Con
veyance with Centralized Detention: Map 10 
shows the approximate location, alignment, and 
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configuration of the facilities called for under 
this alternative. Because of the reduction in peak 
10-year recurrence interval flood flows achieved 
through the provision of detention storage, this 
alternative enables the retention of 760 lineal 
feet of existing storm sewer which would be 
replaced under Alternative AE-l. This alterna
tive calls for 1,090 lineal feet of 24- and 36-inch
diameter reinforced concrete pipe replacement 
storm sewers. The overland flow path to the 
Milwaukee River located east of the intersection 
of Main Street and Park Avenue would be 
maintained. 

Proposed retention basin AE-1 would be located 
in the depression ~ea west of Fond du Lac 
Street in subbasin MR3661 That retention basin 
would have no outlet other than through infiltra
tion and evaporation. The existing depression 
storage is adequate to ac:;commodate the antici
pated runoff volumes; therefore, the only con
structed feature associated with the basin is a 
320-foot-Iong, 15-inch-diameter inlet pipe to 
convey flow from the existing storm sewer in 
Fond du Lac Street to the basin. 

Proposed detention basin AE-2 would be located 
in the existing open area southeast of Vern 
Street and west of Main Street. That basin would 
have a 24-inch-diameter, 90-foot-Iong inlet pipe 
to convey runoff from the existing storm sewer 
in Main Street and a 21-inch-diameter, 90-foot
long outlet to convey runoff back to that existing 
storm sewer. A bulkhead would be provided to 
seal the existing storm sewer just downstream of 
its junction with the proposed inlet pipe. Both 
retention basin AE-1 and detention basin AE-2 
would be designed to accommodate the peak rate 
and volume of runoff from a 10-year recurrence 
interval storm. Table 54 presents a comparison 
of peak flows and existing and proposed storm 
sewer hydraulic capacities. Table 55 presents the 
salient characteristics and estimated costs of the 
components of this alternative. The total present 
value cost of . this alternative plan is $282,000, 
consisting of an estimated capital cost of 
$264,000, including land acquisition or ease
ments for the retention and detention basins, 
and an estimated annual operation and mainte
nance cost increase of $1,160. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative storm water drainage plans. Each 
alternative was designed to resolve potential 



Table 53 

ALTERNATIVE AE-1: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AE 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AE 1. Replace 41 9 feet of 1 5-inch storm sewer in Main 
Street southeast of Barton A venue with 21-inch 
storm sewer at a slope of 2.9 percent ........... $ 41,000 $ 0 

2. Replace 439 feet of 18-inch storm sewer in Main 
Street between Spring Street and Fond du Lac 
Street with 24-inch storm sewer at a slope 
of 1.85 percent ........................... 49,000 0 

3. Replace 31 0 feet of 1 8-inch storm sewer in Main 
Street south of Fond du Lac Street with 24-inch 
storm sewer at a slope of 2.9 percent ........... 35,000 0 

4. Replace 339 feet of 24-inch storm sewer in an 
easement between Main Street and the Milwaukee 
River with 53-inch-wide by 34-inch-high HE pipe 
at a slope of 0.34 percent .................... 88,000 0 

5. Construct a 1 OO-foot-Iong outlet channel from the 
downstream end of the proposed 53-inch-wide by 
34-inch-high HE outfall to the Milwaukee River ..... 1,000 100 

- - Total $214,000 $100 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

existing and future drainage problems within 
the hydrologic unit. Each, when expanded to 
include the nonpoint source pollution control 
measures recommended in Chapter IV of this 
volume, would achieve the same degree of 
abatement of nonpoint source pollution. Thus, 
the principal criteria for the comparative evalua
tion were reduced to cost and implementability. 

Alternative AE-1 has a lower present value cost 
than Alternative AE-2 and Alternative AE-1 
would be more easily implemented since it would 
involve replacement of storm sewers which are 
generally within existing rights-of-way and 
easements; it would not require purchasing land 
or easements for the provision of the retention 
and detention basins and appurtenances. 

Recommended Storm water Management Plan: 
Because of the lower present value cost and more 
favorable implementability of Alternative AE-1, 
Storm Sewer Conveyance, that alternative is 
recommended for adoption in this hydrologic 
unit. The components and costs of the recom
mended plan are set forth in Table 9. The 
approximate location, alignment, and configura
tion of the recommended facilities, including 
measures for the control of nonpoint source 
pollution, are shown graphically on Map 14. 

Hydrologic Unit MR-AF 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AF is a 0.14-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
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Table 54 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE AE-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Existing 
Capacity 

Existing Sizeb (cubic feet 
Branch Reach Storm Sewer Location a (inches) per second) 

1 4 Main Street southeast of Barton 15 
Avenue (116) 

1 4 Main Street southeast of Barton 15 
Avenue (116) 

1 6 Main Street between Spring 18 
Street and Fond du Lac Street 
(116) 

1 6 Main Street between Spring 18 
Street and Fond du Lac Street 
(1161 

1 8 Main Street south of Fond du 18 
Lac Street (116) 

1 10 Main Street between High Street 24 
and Park Avenue (116) 

1 10 Main Street between High Street 24 
and Park Avenue (116) 

1 12 Easement between Main Street 24 
and the Milwaukee River 
(116) 

a City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

volume. Under existing land use conditions, 
92 percent of the hydrologic unit is developed in 
commercial, industrial, and residential urban 
land uses. The remaining 8 percent of the 
hydrologic unit is woodland located in a primary 
environmental corridor. Planned year 2010 
conditions would remain the same. The existing 
storm water management system consists of 
roadway curbs and gutters, storm sewer inlets, 
and storm sewers. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 56, a 
comparison of the existing and planned 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
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12 

9 

12 

22 

51 

51 

6 

Frequency 
Storm Used for 

Existing Evaluation of 
and Planned Existing Storm 

Planned 10·Year Sewers and 
Capacity Storm Flow Replacement of 

Planned Sizeb Length (cubic feet (cubic feet Inadequate Storm 
(inches) (feet) per second) per second) Sewers (yearsl 

Retain existing pipe 162 .. 20 10 

Retain existing pipe 257 .. 20 10 

24 at 1.85 percent 384 31 25 10 

24 at 1 .85 percent 55 31 25 10 

24 at 2.9 percent 310 39 35 10 

Retain existing pipe 311 -- 45 10 

Retain existing pipe 306 -- 17 10 

36 at 0.25 percent 339 33 33 10 

several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year storm. 

Alternative Stormwater Drainage Plans: Because 
of the lack of available open space in which to 
construct detention storage facilities, the only 
practicable solution to the storm water drainage 
problems of this hydrologic unit is to upgrade the 
storm sewer conveyance system. 

Recommended Storm water Mana2'ement Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing and future storm water 
runoff problems. This plan includes 2,530 lineal 
feet of replacement storm sewer, ranging in size 
from 12-inch- to 36-inch-diameter reinforced 
concrete pipe. Table 56 presents a comparison of 
peak flows and existing and proposed storm 
sewer hydraulic capacities. The components and 



Table 55 

ALTERNATIVE AE-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AE 

Hydrologic 
Unit Project and Component Descriptiona 

AE 1 . Replace 439 feet of 18-inch storm sewer in 
Main Street between Spring Street and 
Fond du Lac Street with 24-inch storm 
sewer at a slope of 1.85 percent .............. . 

2. Replace 310 feet of 18-inch storm sewer in Main 
Street south of Fond du Lac Street with 24-inch 
storm sewer at a slope of 2.9 percent .......... . 

3. 320 feet of 15-inch storm sewer for 
detention basin AE-1 inlet ................... . 

4. Land acquisition for basin AE-1 ............... . 
5. Construct detention basin AE-2 with 10-year 

storm live storage volume of 0.38 acre-foot ...... . 
6. 90 feet of 24-inch storm sewer 

for basin AE-2 inlet ....................... . 
7. 90 feet of 21 -inch storm sewer 

for basin AE-2 outlet ...................... . 
8. Replace the 339-foot-long 24-inch-diameter corrugated 

metal storm sewer outfall from subbasin MR365 
with a 36-inch storm sewer .................. . 

Total 

a All new and replacement storm sewers are reinforced concrete pipe. 

Estimated Cost 

Capitalb 

$ 49,000 

35,000 

21,000 
5,000 

70,000 

10,000 

9,000 

65,000 

$264,000 

Annual Operation 
and Maintenancec 

$ 0 

0 

120 
0 

1,100 

0 

0 

-60 

$1,160 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record CCI = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

costs of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities, 
including measures for the control of non point 
source pollution, are shown graphically on 
Map 14. The total present value cost of this plan 
is $264,000, consisting of an estimated capital 
cost of $261,000 and an estimated annual opera
tion and maintenance cost increase of $200. 

The recommended plan includes the storm 
sewers proposed to be constructed under Wiscon
sin Department of Transportation Project 
No. 1410-01-70 for improvement of West Wash
ington Street. In general, the storm sewers 

proposed by WisDOT were determined to be 
adequately sized within the context of this plan. 
The only difference between the storm sewers 
proposed under the WisDOT project and those 
recommended herein occurs near the intersection 
of Washington Street (STH 33) and 8th Avenue, 
where the WisDOT project calls for a 44-foot
long, 18-inch-diameter storm sewer and an 
85-foot-Iong, 18-inch-diameter storm sewer, while 
the recommended plan calls for a 44-foot-Iong, 
21-inch-diameter storm sewer and an 85-foot
long, 30-inch-diameter storm sewer. The existing 
storm sewer in Beech Street downstream from 
the proposed 85-foot-Iong storm sewer is a 
164-foot-Iong, 18-inch-diameter clay pipe with a 

169 



Table 56 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AF-1, STORM SEWER CONVEYANCE 

Frequency 
Storm Used for 

Existing Evaluation of 
and Planned Existing Storm 

Existing Planned 10-Year Sewers and 
Existing Capacity Proposedc Capacity Storm Flow Replacement of Existing 

Sizeb (cubic feet Planned Sizeb Length Length (cubic feet (cubic feet Inadequate Storm 
Storm Sewer Locationa (inches) per second) (inches) (feet) (feet) per second) per second) Sewers (years) 

Main Street at Martin Court (137) 12 6 21 99 gg 26 24 10 

Main Street North of Martin Court (137) 15 6 24 134 134 22 24 10 

Main Street South of Silverbrook 15 8 24 288 288 28 27 10 
Drive (137) 

Silverbrook Drive Extended. Subbasin 18 8 36 95 95 52 36 10 
MR367 outlet (137) 

Washington Street (STH 33) -- -- 18 -- 57 16 1 10 

Washington Street (STH 33) 12 8 18 357 336 24 to 25 < 20 10 

Washington Street (STH 33) 12 8 21 at 2.0 357 44 23 20 10 
percent 

Intersection of Washington Street -- -- 30 at 0.41 - - 85 26 22 10 
(STH 33) and 8th Avenue (137) percent 

Beech Street (1 37) 18 clay 10 30 at 0.41 164 164 26 27 10 
percent 

Beech Street (137) 18 clay 24 Retain existing • 305 305 -- 27 10 

Beech Street (1 37) 18 clay 25 Retain existing 39 39 -- 27 10 

Main Street (137) 18 clay 13 27 58 5& 39 42 10 

Beech Street Extended. Subbasin 18 clay 22 27 214 214 56 42 10 
MR154 Outlet (137) 

Washington Street (STH 33) (137) -- -- 18 - - 40 20 18 10 

Washington Street (STH 33) (137) 12 6 21 115 81 34 14 10 

Washington Street (STH 33) (137) 15 11 21 230 120 33 14 10 

Washington Street (STH 33) (137) 15 4 21 23 140 23 14 10 

Washington Street (STH 33) (137) 15 15 21 61 123 21 14 10 

Washington Street (STH 33) (137) 15 6 21 93 75 21 14 10 

Washington Street (STH 33) (137) 15 6 21 106 85 23 14 10 

aCity storm sewer system plan street number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

CCertain proposed lengths differ from existing because of changes in manhole locations under Wisconsin Department of Transportation Project No. 1410-01-70, 
'Proposed Improvement of West Washington Street,' November 23, 1992, design. 

Source: SEWRPC. 

capacity similar to that of the 18-inch-diameter 
reinforced concrete pipe called for under the 
WisDOT design. The 164-foot-Iong, 18-inch
diameter clay storm sewer in Beech Street is 
recommended to be replaced. Because the limits 
of the WisDOT project do not include Beech 
Street, it appears that the 85-foot-Iong storm 
sewer was sized to have a capacity equal to that 
of the existing downstream 18-inch clay pipe. 
The larger storm sewers recommended herein 
are required to convey adequately the peak rate 
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of runoff from the IO-year recurrence interval 
storm and also to insure full utilization of the 
proposed hydraulic capacity of the recommended 
downstream replacement storm sewers in Main 
Street and Beech Street extended. 

Hydrologic Units MR-AG and AH 
Evaluation of the Stormwater Management 
System: Hydrologic Units MR-AG and AH 
comprise a O.07-square-mile area located along 
the Milwaukee River, as shown on Map I in 
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Table 57 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AG-AH-1, STORM SEWER CONVEYANCE 

Frequency 
Storm Used for 

Existing Evaluation of 
and Planned Existing Storm 

Existing Planned 10-Year Sewers and 
Capacity Capacity Storm Flow Replacement of 

Existing Sizeb (cubic feet Planned Sizeb Length (cubic feet (cubic feet Inadequate Storm 
Subbasin Storm Sewer Locationa (inches) per second) (inches) (feet) per second) per second) Sewers (years) 

MR302 Barton Avenue (STH 144) 12 6 Retain existing pipe 120 -- 7 10 
northeast of Commerce Street 

Barton Avenue southwest of 12 8 21 56 34 30 10 
Commerce Street (100) 

Barton Avenue southwest of 12 8 21 35 34 30 10 
Commerce Street (100) 

Barton Avenue southwest of 12 14 21 50 59 30 10 
Commerce Street (100) 

MR305 Monroe Street between Salisbury 12 6 18 at 3.6 percent 318 20 20 10 
Road and Commerce Street 
(100) 

Monroe Street between Salisbury Varies -- 1 8 at 3.6 percent 187 20 20 10 
Road and Commerce Street 
(100) 

MR303 Barton Avenue (STH 144) 12 9 Retain existing pipec 1,082 -- 12 10 
northeast of Salisbury Road 
(100) 

Schmidt Road southeast of 12 PVC pipe 8 Retain existing piped 149 -- 14 10 
Barton Avenue (STH 144) (100) 

Schmidt Road southeast of 15 15 18 161 24 19 10 
Barton Avenue (STH 144) (100) 

Schmidt Road southeast of 24 16 30 255 29 24 10 
Barton Avenue (STH 144) (100) 

Schmidt Road southeast of 27 22 45 by 29 HE 342 49 32 10 
Barton Avenue (STH 144) (100) 

Outlet 30 40 Retain existing pipe 98 -- 36 10 

NOTE: The following abbreviations have been used: HE = horizontal elliptical and PVC = polyvinyl chloride. 

aCity storm sewer system plan sheet number in parentheses. 

bOiameter of circular reinforced concrete pipe unless noted otherwise. 

c Allowable street capacity is nine cubic feet per second per Objective No.1, Standard 3, of Volume One of this repon. Southeast side of 32-foot-wide street would 
convey almost all flow in excess of the storm sewer capacity. 

d Allowable street capacity is 17 cubic feet per second per Objective No.1, Standard 3, of Volume One of this repon. 

Source: SEWRPC. 

Chapter I of this volume. These hydrologic units 
were analyzed together because they are 
hydraulically interconnected. Under existing 
land use conditions, 89 percent of the two 
hydrologic units is developed in urban land uses. 
Under planned year 2010 land use conditions, 
the hydrologic unit would be about 96 percent 
developed for urban uses, predominantly com
mercial, industrial, and residential. The existing 
stormwater management system consists of 
roadway curbs and gutters, storm sewer inlets, 

storm sewers, and open ditches. There are no 
identified intermittent or perennial streams 
within the hydrologic unit and the storm sewers 
discharge directly to the Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 57, a 
comparison of the planned 10-year recurrence 
interval storm flows with the capacities of the 
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existing storm sewers shows that several sewers 
have inadequate capacities to meet the minor 
system requirement of passing the peak rate of 
runoff from a 10-year storm. Several existing 
storm sewers have inadequate capacity to con
vey the peak runoff from a 10-year recurrence 
interval storm; however, the overall minor 
system capacity of the sewers and a portion of 
the street is adequate because that capacity 
meets the requirements of Standard No.3 of 
Obi.ective No.1 as' set forth in Chapter IV of 
Volume One of this report. That standard calls 
for the provision of two clear 10-foot-wide lanes 
for moving traffic on existing arterial streets 
and one clear 10-foot-wide lane for moving 
traffic on existing collector and land access 
streets during storm events up to and including 
the 10-year recurrence interval event. The appli
cation of that standard to this hydrologic unit 
avoids the replacement of 1,082 feet of 12-inch
diameter storm sewer in Barton Avenue 
(STH 144) northeast of Salisbury Road and 149 
feet of 12-inch-diameter. polyvinyl chloride pipe 
in Schmidt Road. A capital cost savings of about 
$67,000 is realized by avoiding replacement of 
these storm sewers. Replacement storm sewers 
located downstream from the storm sewer 
reaches listed above must be designed to provide 
adequate inlet capacity to handle local inflow 
plus the flow in the street from the upstream 
reaches where street flow is allowed. 

Alternative Stormwater Drainage Plans: Because 
of the lack of available open space in locations 
where detention storage facilities might be 
effective, the only practicable solution to the 
stormwater drainage problems of this hydrologic 
unit is to upgrade the storm sewer conveyance 
system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing and future stormwater 
runoff problems. This plan includes 1,400 lineal 
feet of replacement storm sewer, ranging in size 
from 18-inch-diameter to 45-inch-wide by 29-inch
high horizontal elliptical reinforced concrete 
pipe. Table 57 presents a comparison of peak 
flows and existing and proposed storm sewer 
hydraulic capacities. The components and costs 
of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities, 
including measures for the control of nonpoint 

172 

source pollution, are shown graphically on 
Map 14. The total present value cost of this plan 
is $175,000, consisting of an estimated capital 
cost of $176,000 and an estimated annual opera
tion and maintenance cost decrease of $60. 

Hydrologic Unit MR-AI 
Evaluation of the Stormwater· Managemen:t 
System: Hydrologic Unit MR-AI is a 0.10-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, the entire 
hydrologic unit is developed in urban land uses, 
with medium density residential and two-family 
residential uses being predominant. The existing 
stormwater management system consists of 
roadway curbs and gutters, storm sewer inlets, 
and storm sewers. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 58, a 
comparison of the existing and planned 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 1O-year storm. 
Several existing storm sewers have inadequate 
capacity to convey the peak runoff from a 10-
year recurrence interval storm, however, the 
overall minor system capacity of the sewers and 
a portion of the street is adequate because that 
capacity meets the requirements of Standard 
No.3 of Objective No.1 as set forth in Chap
ter IV of Volume One of this report. That 
standard calls for the provision of two clear 
10-foot-wide lanes for moving traffic on existing 
arterial streets and one clear 10-foot-wide lane 
for moving traffic on existing collector and land 
access streets during storm events up to and 
including the 10-year recurrence interval event. 
The application of that standard to this hydro
logic unit avoids the replacement of 329 feet of 
15-inch-diameter clay storm sewer in Mayer 
Street, a total of 608 feet of 12-inch-diameter day 
storm sewer in Edgewood Lane, and 122 feet of 
24-inch-diameter clay and reinforced concrete 
storm sewer in East Washington Street 
(STH 33). A capital cost savings of about 
$100,000 is realized by avoiding replacement of 



Table 58 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AI-1, STORM SEWER CONVEYANCE 

Frequency Storm 
Existing Planned Existing and Used for Evaluation 
Capacity Capacity Planned 10-Year of Existing Storm 

(cubic (cubic Storm Flow Sewers and Replacement 
Existing Sizeb feet per Planned Sizeb Length feet per (cubic feet per of Inadequate Storm 

Branch Reach Storm Sewer Locationa (inches) second) (inches) (feet) second) second) Sewers (years) 

1 0 Mayer Street (136) 15 clay 9 Retain existingC 329 -- 15 10 

1 2 Mayer Street (136) 15 clay 7 24 at 1.3 percent 126 26 22 10 

1 2 Mayer Street (136) 15 clay 9 24 at 1.3 percent 70 26 22 10 

1 2 Mayer Street (136) 15 clay 6 24 at 1.3 percent 80 26 22 10 

1 3 Mayer Street (136) 15-clay 13 21 162 32 29 10 

1 4 Wilson Street (( 136) 18 clay 14 27 at 2.2 percent 144 46 44 10 

1 4 Intersection of Wilson Street and 18 clay <14 27 at 2.2 percent 52 46 44 10 
North Street (136) 

1 6 North Street between Wilson 18 clay 20 27 at 3.7 percent 291 60 59 10 

Street and E. Washington 
Street (136) 

1 8 Intersection of North Street and 18 25 27 60 69 61 10 
E. Washington Street (136) 

2 0 Intersection of Forest Avenue 12 clay 6 Retain existing Piped 47 -- 12 10 
and Edgewood Lane (153) 

2 2 Edgewood Lane (153) 12 clay 5 Retain existing piped 224 14 12 10 

2 2 Edgewood Lane (153) 12 PVClclay 4 Retain existing piped 337 17 12 10 

2 4 Intersection of Edgewood Lane 15 clay 6 27 at 0.82 percent 37 28 27 10 
and E. Wisconsin Street (153) 

2 4 Wisconsin Street (153) 15 4 27 at 0.82 percent 33 28 27 10 

2 4 Wisconsin Street (153) 18 clay 10 27 at 0.82 percent 335 28 27 10 

2 6 E. Washington Street (153) 24 clay 26 Retain existing pipee 48 -- 34 10 

2 6 E. Washington Street (153) 24 39 Retain existing pipee 74 -- 34 10 

1 10 E. Washington Street (137) 36 140 Retain existing pipe 69 -- 94 10 

1 10 E. Washington Street (137) 36 63 42 191 95 94 10 

NOTE: The following abbreviation has been used: PVC = polyvinyl chloride [pipe]. 

a City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

c Allowable street capacity is nine cubic feet per second per Objective No.1, Standard 3, of Volume One of this report. 

d Allowable street capacity is seven cubic feet per second per Objective No.1, Standard 3, of Volume One of this report. 

e Allowable street capacity is 20 cubic feet per second per Objective No.1, Standard 3, of Volume One of this report. 

Source: SEWRPC. 

these storm sewers. Replacement storm sewers 
located downstream from the storm sewer 
reaches listed above must be designed to provide 
adequate inlet capacity to handle local inflow 
plus the flow in the street from the upstream 
reaches where street flow is allowed. 

Alternative Stormwater Drainage Plans: Because 
of the lack of available open space in locations 
where detention storage facilities might be 
effective, the only practicable solution to the 
storm water drainage problems of this hydrologic 
unit is to upgrade the storm sewer conveyance 
system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing and future stormwater 
runoff problems. This plan includes 1,580 lineal 
feet of replacement storm sewers, ranging in size 
from 24-inch- to 42-inch-diameter reinforced 
concrete pipe. Table 58 presents a comparison of 
peak flows and existing and proposed storm 
sewer hydraulic capacities. The components and 
costs of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities, 
including measures for the control of non point 
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Table 59 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AJ-1, STORM SEWER CONVEYANCE 

Frequency Storm 
Existing Planned Existing and Used for Evaluation 
Capacity Capacity Planned 10-Year of Existing Storm 

(cubic (cubic Storm Flow Sewers and Replacement 
Existing Size feet per Planned Sizeb Length feet per (cubic feet per of Inadequate Storm 

Storm Sewer Locationa (inches) second) (inches) (feet) second) second) Sewers (years) 

Forest Avenue between Willow 12 clay 4 18 513 11 11 10 
Lane and Water Street (153) 

Intersection of Water Street and 12 clay 3 30 by 19 HE 31 21 17 10 
Forest Avenue(153) 

Water Street West of Forest 12 clay 4 30 by 19 HE 342 22 20 10 
Avenue (153) 

Water Street West of Wisconsin 12 3 24 at 1.9 percent 54 31 31 10 
Avenue (153) 

Water Street West of Wisconsin 12 clay <2 24 at 1.9 percent 133 31 31 10 
Avenue (153) 

Water Street West of Wisconsin 12 clay 6 24 at 1.9 percent 231 31 31 10 
Avenue (153) 

Island Avenue (153) 12 8 24 at 2.7 percent 38 37 31 10 

Island Avenue (153) 12 7 24 at 2.7 percent 78 37 31 10 

Island Avenue (153) 12 3 24 at 2.7 percent 10 37 31 10 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

aCity storm sewer system plan street number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

source pollution, are shown graphically on 
Map 14. The total present value cost of this plan 
is $211,000, based on an estimated capital cost 
of $211,000 and no increase in annual operation 
and maintenance costs. 

Hydrologic Unit MR-AJ 
Evaluation of the. Stormwater Management 
System: Hydrologic Unit MR-AJ is a 0.02-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, the hydrologic unit is completely 
developed in commercial, industrial, and residen
tial urban land uses. The existing stormwater 
management system consists of roadway curbs 
and gutters, storm sewer inlets, and storm 
sewers. There are no identified intermittent or 
perennial streams within the hydrologic unit 
and the storm sewers discharge directly to the 
Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
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this hydrologic unit. As seen in Table 59, a 
comparison of the existing and planned lO-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year storm. 

Alternative Storm water Drainage Plans: The 
only possible site for the provision of a detention 
storage facility is the industrial parking and 
storage area southwest of the intersection of 
Willow Lane and Forest Avenue. Because that 
site is actively used for industrial purposes it 
was considered impractical to locate a detention 
facility on the site. Therefore, the only practica
ble solution to the stormwater drainage prob
lems of this hydrologic unit is to upgrade the 
storm sewer conveyance system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing storm water runoff 



Table 60 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AK-1, STORM SEWER CONVEYANCE 

Existing 
Capacity 

(cubic 
Existing Size feet per Planned Sizeb 

Storm Sewer Locationa (inches) second) (inches) 

Island Avenue between 12 3 27 at 0.81 percent 
Water Street and E. 
Washington Street 
(5TH 33) (153) 

Easement West of Island 12 4 27 at 0.81 percent 
Avenue Outlet to 
Milwaukee River (153) 

aCity storm sewer system plan street number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

problems. This plan includes 1,430 lineal feet of 
replacement storm sewer, ranging in size from 
18- to 24-inch-diameter reinforced concrete pipe. 
Table 59 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau
lic capacities. The components and costs of the 
recommended plan are set forth in Table 9. The 
approximate location, alignment, and con
figuration of the· recommended facilities, 
including measures for the control of nonpoint 
source pollution, are shown graphically on 
Map 14. The total present value and capital 
costs of this plan are $149,000. The plan would 
result in no increase in annual operation and 
maintenance costs. 

Hydrologic Unit MR-AK 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-AK is a 0.03-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
entire hydrologic unit is developed in urban land 
uses, with commercial uses being predominant. 
The existing storm water management system 
consists of overland flow, roadway curbs and 
gutters, storm sewer inlets, storm sewers, and 
open swales. There are no identified intermittent 
or perennial streams within the hydrologic unit 
and the storm sewers discharge directly to the 
Milwaukee River. 

Problems with inadequate major and minor 
system hydraulic capacities were identified. As 
seen in Table 60, a comparison of the existing 

Existing Existing Frequency Storm 
Planned and Planned and Planned Used for Evaluation 
Capacity 10-Year 100-Year of Existing Storm 

(cubic Storm Flow Storm Flow Sewers and Replacement 
Length feet per (cubic feet (cubic feet of Inadequate Storm 
(feet) second) per second) per second) Sewers (years) 

200 28 16 25 100 

210 28 16 25 100 

and planned 10-year recurrence interval storm 
flows with the capacities of the existing storm 
sewers shows that a 12-inch-diameter storm 
sewer in Island Avenue and the downstream 
12-inch-diameter outlet to the Milwaukee River 
have inadequate capacities to meet the minor 
system requirement of passing the peak rate of 
runoff from a 10-year storm. In addition, the 
inlets to these storm sewers are located at a sag 
in Island Avenue where runoff in excess of storm 
sewer capacities would collect during events 
producing peak flows greater than those capaci
ties. Most of the overflow route from the sag to 
the Milwaukee River is blocked by an existing 
building on the west side of Island Avenue. 

Alternative Stormwater Drainage Plans: The 
only possible site for the provision of a detention 
storage facility is along the Wisconsin Central 
Transportation Corporation line. Because that 
site is actively used and because the available 
space is limited, it was considered impractical to 

. locate a detention facility on the site. Therefore, 
the only practicable solution to the storm water 
drainage problems of this hydrologic unit is to 
upgrade the storm sewer conveyance system. 

Recommended Stormwater Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing storm water runoff 
problems. This plan includes 410 lineal feet of 
27-inch-diameter replacement storm sewers. 
Table 60 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau-
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Table 61 

COMPARISON OF PROPOSED FLOWS AND HYDRAULIC CAPACITIES 
OF STORM SEWERS: ALTERNATIVE AL-1, STORM SEWER CONVEYANCE 

Frequency Storm 
Existing Planned Used for Evaluation 
Capacity Capacity Planned 10-Year of Existing Storm 

(cubic (cubic Storm Flow Sewers and Replacement 
Existing Size feet per Planned Sizeb Length feet per (cubic feet per of Inadequate Storm 

Storm Sewer Locationa (inches) secQnd) (inches) (feet) second) second) Sewers (years) 

Forest Avenue (153) 15 clay 5 21 261 12 11 10 

Forest Avenue (153) 15 clay 4 38 by 24 HE 296 27 25 10 

Forest Avenue (153) 15 clay 8 27 265 40 32 10 

Forest Avenue (153) 18 CMP 6 27 33 35 32 10 

Forest Avenue Extended Outlet 18 CMP 8 30 496 57 53 10 
to Milwaukee River 

Forest Avenue 12 clay 7 23 by 14 HE 248 20 16 10 

Forest Avenue 12 clay 6 23 by 14 HE 40 18 16 10 

Forest Avenue 12 3 24 235 19 16 10 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe and HE = horizontal elliptical. 

aCity storm sewer system plan street number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

lic capacities. The components and costs of the 
recommended plan are set forth in Table 9. The 
approximate location, alignment, and configura
tion of the recommended facilities, including 
measures for the control of nonpoint source 
pollution, are shown graphically on Map 14. The 
total present value and capital costs of this plan 
are $53,000. The plan would result in no increase 
in annual operation and maintenance costs. 

Hydrologic Unit MR-AL 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AL is a 0.05-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
hydrologic unit is completely developed in 
commercial, industrial, and residential urban 
land uses, with industrial uses being predomi
nant. Planned land year 2010 uses are expected 
to be similar to existing. The existing storm
water drainage system consists of roadway 
curbs and gutters, storm sewer inlets, storm 
sewers, and overland flow. There are no identi
fied intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 
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The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 61, a 
comparison of the existing and planned 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year storm. 

Alternative Stormwater Drainage Plans: The 
only possible site for the provision of a detention 
storage facility is the industrial storage area 
along Forest A venue extended between Linwood 
Terrace and the Milwaukee River. That site was 
rejected as a detention site because it is actively 
used for industrial purposes and because it is 
unlikely that any significant cost saving over a 
storm sewer conveyance alternative would be 
achieved if detention were provided at that 
location. The capital cost of a detention basin 
would be similar to the storm sewer cost saving 
and the basin operation and maintenance costs 
would be greater than those for a storm sewer. 
Therefore, it is proposed to resolve the storm
water drainage problems of this hydrologic unit 



Table 62 

COMPARISON OF PROPOSED FLOWS AND HYDRAULIC CAPACITIES 
OF STORM SEWERS: ALTERNATIVE AM-', STORM SEWER CONVEYANCE 

Planned Planned 
Existing Capacity 10-Year 

Existing Capacity (cubic Storm Flow 
Sizeb (cubic feet Planned Sizeb Length feet per (cubic feet 

Frequency 
Storm Used for 

Evaluation at 

Planned Existing Storm 
100-Year Sewers and 

Storm Flow Replacement of 
(cubic feet Inadequate Storm 

Branch Reach Storm Sewer Location a (inches) per second) (inches) (feet) second) per second) per second) Sewers (years) 

1 0 Intersection of Washington Street 12 1 1 B at 2.2 percent 26 16 11 18 10 
and Indiana Avenue (153) 

1 0 Indiana Avenue (153) 15 11 18 at 2.2 percent 86 16 11 18 10 

1 0 Indiana Avenue (153) 12 8 Retain existing pipe 268 -- 11 18 10 

1 2 Indiana Avenue (153) 12 8 18 238 23 18 31 10 

1 2 Indiana Avenue (153) 12 6 18 266 18 18 31 10 

1 2 Indiana Avenue (153) 15 clay 7 24 251 24 18 31 10 

1 4 Indiana Avenue (153) 15 clay 7 24 88 26 21 35 10 

1 4 Indiana Avenue (153) 15 7 24 265 26 21 35 10 

1 6 Indiana Avenue (153) 24 12 30 at 0.99 percent 311 41 39 62 10 

1 6 Indiana Avenue (153) 24 14 30 at 0.99 percent 280 41 39 62 10 

1 6 Indiana Avenue (153) 24 24 30 at 0.99 percent 241 41 39 62 10 

1 6 Indiana Avenue (153) 21 23 30 at 0.99 percent 335 41 39 62 10 

1 8 Indiana Avenue outlet to 24 17 36 170 51 42 67 10 
Milwaukee River 

a City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

through improvements to the storm sewer con
veyance system. 

Recommended Storm water Management Plan: 
The recommended storm sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems. This plan includes 1,870 lineal feet of 
replacement storm sewer, ranging in size from 
21- to 30-inch-diameter reinforced concrete pipe. 
Table 61 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau
lic capacities. The components and costs of the 
recommended plan are set forth in Table 9. The 
approximate location, alignment, and con
figuration of the recommended facilities, 
including measures for the control of non point 
source pollution, are shown graphically on 
Map 14. The total present value and capital 
costs of this plan are $237,000. The plan would 
result in no increase in annual operation and 
maintenance costs. 

Hydrologic Unit MR-AM 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AM is a 0.03-

square-mile area located as shown on Map 1 in 
Chapter I of this volume. Under existing land 
use conditions, this hydrologic unit is essentially 
completely developed in urban land uses includ
ing government and institutional, residential, 
and industrial. Under planned year 2010 condi
tions, the land use distribution in the unit would 
be similar to the existing distribution. The 
existing storm water management system con
sists of roadway curbs and gutters, storm sewer 
inlets, and storm sewers. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 

Problems with inadequate minor system hydrau
lic capacities were identified in parts of this 
hydrologic unit. As seen in Table 62, a compari
son of the existing and planned 10-year recur
rence interval sto~ flows with the capacities of 
the existing storm sewers shows that most 
sewers have inadequate capacities to meet the 
minor system requirement of passing the peak 
rate of runoff from a 10-year storm. 

There is a mid-block sag in Indiana Avenue 
south of Water Street. Runoff at rates in excess 
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Table 63 

ALTERNATIVE AM-1: COMPONENTS AND COSTS OF THE STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AM 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AM 1. Replace 26 feet of 12-inch storm sewer in the 
intersection of Washington Street (STH 33) with 
18-inch storm sewer at a slope of 2.2 percent ...... $ 2,000 $ 0 

2. Replace 86 feet of 15-inch storm sewer in 
Indiana Avenue with 18-inch storm sewer at 
a slope of 2.2 percent ...................... 7,000 0 

3. Replace 504 feet of 12-inch storm sewer in 
Indiana Avenue with 18-inch storm sewer ......... 42,000 0 

4. Replace 604 feet of 1 5-inch clay and reinforced 
concrete pipe storm sewer in Indiana Avenue 
with 24-inch storm sewer .................... 68,000 0 

5. Replace 832 feet of 24-inch storm sewer in 
Indiana Avenue with 30-inch storm sewer at 
a slope of 0.99 percent ..................... 125,000 0 

6. Replace 335 feet of 21-inch storm sewer in 
Indiana Avenue with 30-inch storm sewer at 
a slope of 0.99 percent ..................... 50,000 0 

7. Replace 170 feet of 24-inch storm sewer in 
Indiana Avenue with 36-inch storm sewer ......... 33,000 -30 

- - Total $327,000 $-30 

a All new and replacement storm sewers are reinforced concrete pipe. 

b'nc'udes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News-
Record Construction Cost Index = 5,015. . 

c Costs were noted to be zero when the alternative proposed replacement of a co"mponent with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

of the hydraulic capacity of the storm sewers 
could pond in this sag. The outlet for runoff 
ponded in the sag is overland flow across the 
large industrial parking lot on the east side of 
Indiana Avenue. As long as the parking lot 
grade is maintained at existing, or lower, 
elevations, and the existing storage volume in 
the street remains available, the major system 
should have adequate capacity to prevent flood
ing of buildings during storms with recurrence 
intervals up to, and including, 100 years. 

Alternative Stormwater Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for Hydrologic Unit 
AM: 1) a storm sewer conveyance plan and 2) a 
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storm sewer conveyance with centralized deten
tion plan. 

Alternative Plan No .. AM-I, Storm Sewer Con
veyance: The storm sewer conveyance alterna
tive plan calls for the provision of replacement 
storm sewers to abate existing stormwater 
runoff problems. This alternative includes 2,560 
lineal feet of replacement storm sewer, ranging 
in size from 18- to 36-inch-diameter reinforced 
concrete pipe. Map 9 shows the approximate 
location and alignment of the replacement storm 
sewers proposed under this alternative. Table 62 
presents a comparison of peak flows and exist
ing and proposed storm sewer hydraulic capaci
ties. Table 63 presents the salient characteristics 



Table 64 

COMPARISON OF PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE AM-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Existing 
Existing Capacity 

Sizeb (cubic feet 
Branch Reach Storm Sewer Locationa (inches) per second) 

1 0 Intersection of Washington Street 12 1 
and Indiana Avenue (153) 

1 0 Indiana Avenue (153) 15 11 

1 0 Indiana Avenue (153) 12 8 

1 2 Indiana Avenue (153) 12 8 

1 2 Indiana Avenue (153) 12 6 

1 2 Indiana Avenue (153) 15 clay 7 

1 4 Indiana Avenue (153) 15 clay 7 

1 4 Indiana Avenue (153) 15 7 

1 6 Indiana Avenue (153) 24 12 

1 6 Indiana Avenue (153) 24 14 

1 6 Indiana Avenue (153) 24 24 

1 6 Indiana Avenue (153) 21 23 

1 8 Indiana Avenue outlet to 24 17 
Milwaukee River 

NOTE: The following abbreviation has been used: HE = horizontal elliptical. 

aCity storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

Source: S£WRPC. 

and estimated costs of the replacement storm 
sewers comprising this alternative plan. The 
total present value cost of this alternative plan 
is $326,500, consisting of an estimated capital 
cost of $327,000 and an estimated annual opera
tion and maintenance cost decrease of $30. 

Alternative Plan No. AM-2, Storm Sewer Con
veyance with Centralized Detention: Map 10 
shows the approximate location, alignment, and 
configuration of the facilities called for under 
this alternative. Because of the reduction in peak 
10-year recurrence interval flood flows achieved 
through the provision of detention storage, this 
alternative enables the retention of 1,030 lineal 
feet of existing storm sewer which would be 
replaced under Alternative AM-I. This alterna
tive calls for 2,260 lineal feet of replacement 
storm sewers ranging in size from 18-inch-

Frequency 
Storm Used for 
Evaluation of 

Planned Planned Existing Storm 
Capacity 10-Year Sewers and 

(cubic Storm Flow Replacement of 
Planned Sizeb Length feet per (cubic feet Inadequate Storm 

(inches) (feet) second) per second) Sewers (years) 

18 at 2.2 percent 26 16 11 10 

18 at 2.2 percent 86 16 11 10 

Retain existing pipe 2·6£ - - 11 10 

18 238 23 18 10 

18 266 18 18 10 

24 251 24 18 10 

24 88 26 21 10 

24 265 26 21 10 

45 by 29 HE at 311 41 39 10 

0.35 percent 

Retain existing pipe 280 - - 14 10 

Retain existing pipe 241 -- 14 10 

Retain existing pipe 335 - - 14 10 

Retain existing pipe 170 - - 18 10 

diameter reinforced concrete pipe to 45-inch-wide 
by 29-inch-high horizontal elliptical reinforced 
concrete pipe. 

Proposed detention basin AM-I would be located 
on currently private land in the Gehl Company 
parking lot southeast of the intersection of 
Indiana Avenue and Water Street. The detention 
basin is proposed to be a dry basin, which would 
drain between storm events. Construction of the 
basin would result in the loss of about 0.74 acre 
parking, or about 19 percent of the total parking 
lot area. Table 64 presents a comparison of peak 
flows and existing and proposed storm sewer 
hydraulic capacities. Table 65 presents the 
salient characteristics and estimated costs of the 
components of this alternative. The total present 
value cost of this alternative plan is $373,000, 
consisting of an estimated capital cost of 
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Table 65 

ALTERNATIVE AM-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AM 

Estimated Cost 

Hydrologic . 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

AM 1. Replace 26 feet of 12-inch storm sewer in the 
intersection of Washington Street (5TH 33) with 
18-inch storm sewer at a slope of 2.2 percent ....... $ 2,000 $0 

2. Replace 86 feet of 1 5-inch storm sewer in 
Indiana Avenue with 18-inch storm sewer at 
a slope of 2.2 percent ........................ 7,000 0 

3. Replace 504 feet of 12-inch storm sewer in 
Indiana Avenue with 18-inch storm sewer .......... 42,000 0 

4. Replace 604 feet of 1 5-inch clay and RCP storm sewer 
in Indiana Avenue with 24-inch storm sewer ........ 68,000 0 

5. Replace 311 feet of 24-inch storm sewer in Indiana 
Avenue with 45-inch-wide by 29-inch-high HE 
reinforced concrete pipe at a slope of 0.35 percent .... 65,000 -60 

6. Install 1 30 feet of 24-inch storm sewer to serve 
as the inlet pipe for dry detention basin AM-1 ....... 15,000 - -

7. Install 600 feet of 1 2-inch storm sewer to serve 
as the outlet pipe for dry detention basin AM-1 ...... 31,000 --

8. Construct dry detention basin AM-1 with a 
1 O-year recurrence interval storm storage 
volume of. 0.4 acre-foot ...................... 120,000 1,500 

- - Total $350,000 $1,440 

NOTE: The following abbreviations have been used: HE = horizontal elliptical and RCP = reinforced concrete pipe. 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

c Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

$350,000, including land acquisition for the 
detention basin, and an estimated annual opera
tion and maintenance cost increase of $1,440. 

Evaluation of Alternative Storm water Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative storm water drainage plans. Each 
alternative was designed to resolve potential 
existing and future drainage problems within 
the hydrologic unit. Each, when expanded to 
include the non point source pollution control 
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. measures recommended in Chapter IV of this 
volume, would achieve the same degree of 
abatement of nonpoint source pollution. Thus, 
the principal criteria for the comparative evalua
tion were reduced to cost and implementability. 

Alternative AM-I is less costly and more easily 
implemented than Alternative AM-2 since it 
would involve replacement of storm sewers 
which are generally within existing rights-of
way and easements, would not require purchas
ing land or easements for the provision of the 



detention basin and appurtenances, and would 
not reduce the available parking area in the lot 
southeast of the intersection of Water Street and 
Indiana Avenue. 

Recommended Stormwater Management Plan: 
Because of the lower cost and more favorable 
implementability of Alternative AM-I, Storm 
Sewer Conveyance, that alternative is recom
mended for adoption in this hydrologic unit. The 
components and costs of the recommended plan 
are set forth in Table 9. The approximate loca
titm, alignment, and configuration of the recom
mended facilities, including measures for the 
control of nonpoint source pollution, are shown 
graphically on Map 14. 

Hydrologic Unit MR-AN 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AN is a 0.05-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, 
virtually the entire hydrologic unit is developed 
in government and institutional and industrial 
land uses, with much of the government and 
institutional consisting of open space within the 
grounds of the Washington County Annex IV. 
Under planned year 2010 conditions, it is possi
ble that the open space within the county 
grounds could be more intensively developed, 
possibly increasing runoff volumes and peak 
rates of flow. The existing drainage system 
consists of a storm sewer system and a dry 
detention basin serving the 10.2-acre Washing
ton County Annex IV site and storm sewers in 
Water Street serving the remainder of the unit. 
There are no identified intermittent or perennial 
streams within the hydrologic unit. There are no 
known existing, significant stormwater drainage 
problems in the unit. 

Alternative Storm water Drainage Plans: The 
existing storm water drainage system was evalu
ated under planned land use conditions and the 
major and minor systems were found to be 
adequate to accommodate runoff under those 
conditions. Thus, no alternative plans were 
developed. 

Plan Recommendations: The existing stormwater 
drainage system is adequate to accommodate the 
runoff anticipated under planned land use 
development densities. The 283-foot-Iong, 36-inch
diameter corrugated metal pipe storm sewer in 
Water Street has a hydraulic capacity of 35 cfs 

while the peak rate of runoff from a 10-year 
recurrence interval storm is estimated to be 47 
cfs. Standard No.3 of Objective No.1 in Table 15 
of Volume One of this report sets forth criteria 
for allowable levels of street flooding to provide 
an acceptable level of access to property and of 
traffic service. When that standard is applied, the 
combined allowable hydraulic capacity of Water 
Street and the existing storm sewer is adequate 
to accommodate the peak rate of runoff under 
planned development densities. Therefore, no 
recommendations are made to upgrade the 
existing stormwater drainage system. 

Hydrologic Unit MR-AO 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AO is a 0.04-
square-mile area located as shown on Map 1 in 
Chapter I of this volume. Under existing land 
use conditions, 40 percent of the hydrologic unit 
is developed in industrial land uses. Under 
planned year 2010 land use conditions, about 
68 percent of the hydrologic unit would be 
developed for industrial uses. The remaining 
32 percent would be part of the City's Riverside 
Park, which includes a portion of the primary 
environmental corridor along the Milwaukee 
River. Under existing conditions, runoff from 
industrial or open lands: 1) flows overland for 
several hundred feet, 2) concentrates in an 
approximately 400-foot-Iong overland drainage
way that passes through the City's Riverside 
Park and the primary environmental corridor, 
3) flows down the steep, eight-foot-high banks 
along the Milwaukee River floodplain, and 
4) enters a wetland in the floodplain before to 
discharging to the River. There are no identified 
intermittent or perennial streams within the 
hydrologic unit. 

Because the existing industrial area in the 
hydrologic unit is adequately served by the 
overland flow drainage system and because 
there is no development along the overland 
drainageway downstream of the developed area, 
there are no known existing, significant storm
water drainage problems in the unit. 

Recommended Stormwater Management Plan: 
The portion of the hydrologic unit where addi
tional industrial development is expected under 
planned land use conditions is located downs
lope from the existing industrial development in 
the unit. The configuration of the storm water 
management system for such an area would, to 
a large extent, be dictated by a future building 
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Table 66 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AP-1, STORM SEWER CONVEYANCE 

Existing 
Existing Capacity 

Sizeb (cubic feet Planned Sizeb 

Storm Sewer Locationa (inches) per second) (inches) 

Hillcrest Street (1 71 ) 15 4 21 

Hillcrest Street (1 71 ) 15 5 21 

Hillcrest Street (1 71 ) 18 9 24 

Eastern Avenue (1 71 ) 18 12 24 

Eastern Avenue (171) 18 23 Retain existing pipe 

Outlet to Milwaukee River (171) 18 22 Retain existing pipe 

aCity storm sewer system plan street number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

Source: SEWRPC. 

and street layout. To analyze specific storm
water drainage alternatives for such a develop
ment would only be an academic exercise in the 
absence of specific conceptual site plans. To base 
such an analysis on arbitrary assumptions 
regarding the future development pattern could 
unnecessarily constrain future development 
options which do not meet those assumptions, 
but may still be valid approaches to development 
of the site. Thus, no detailed storm water drain
age recommendations are made for this hydro
logic unit. It is, however, recommended that the 
runoff from the existing industrial area be 
considered in the design of facilities for storm
water management in the remainder of the unit 
and that the stormwater management facilities 
include provisions to control erosion of the 
Milwaukee River banks where runoff passes over 
those banks. It is also recommended that the 
existing grade of the Gehl Company parking lot 
be maintained to insure the adequate function
ing of the major drainage system in adjacent 
hydrologic unit MR-AM. Chapter IV of this 
volume includes a recommendation for sweeping 
of industrial parking and storage areas to reduce 
the amount of nonpoint source pollutants 
washed into the riparian wetland and the 
Milwaukee River. 

Specific storm water drainage facilities would be 
established by developers and City staff during 
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Frequency 
Storm Used for 

Existing Existing Evaluation of 
and Planned and Planned Existing Storm 

Planned 10-Year 100-Year Sewers and 
Capacity Storm Flow Storm Flow Replacement of 

Length (cubic feet (cubic feet (cubic feet Inadequate Storm 
(feet) per second) per second) per second) Sewers (years) 

343 9 8 11 10 

302 13 13 19 10 

307 19 17 23 10 

144 25 20 28 10 

228 -- 20 28 10 

427 -- 20 28 10 

the design and review processes for proposed 
development. Drainage improvements in this 
unit would have only a small impact on the City 
capital improvements budget since most, if not 
all, facilities would be paid for by private 
developers. 

Hydrologic Unit MR-AP 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AP is a 0.02-
square-mile area located as shown on Map 1 in 
Chapter I of this volume. Under existing land 
use conditions, the entire hydrologic unit is 
developed in residential land uses. The existing 
stormwater management system consists of 
roadway curbs and gutters, storm sewer inlets, 
and storm sewers. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the storm sewers discharge 
directly to the Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 66, a 
comparison of the existing and planned 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year storm. 



Table 67 

COMPARISON OF PROPOSED FLOWS AND HYDRAULIC CAPACITIES 
OF STORM SEWERS: ALTERNATIVE AQ-', STORM SEWER CONVEYANCE 

Frequency 
Storm Used for 

Evaluation of 

Planned Planned Planned Existing Storm 
Existing Capacity 10-Year 100-Year Sewers and 

Existing Capacity (cubic Storm Flow Storm Flow Replacement of 
Sizeb (cubic feet Planned Sizeb Length feet per (cubic feet (cubic feet Inadequate Storm 

Branch Reach Storm Sewer Location a (inches) per second) (inches) (feet) second) per second) per second) Sewers (years) 

1 4 Kilbourn Street west of Juniper 58 by 36 CMP 45 53 by 34 HE 675 66 58 97 10 
Court (171) 

1 6 Supplemental hydrologic unit -- -- 21 at 3.6 percent 380 30 23c -- 10 
outlet (171) 

NOTE: The following abbreviations have been used: CMP = corrugated metal pipe and HE = horizontal elliptical. 

a City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

cDifference between 1 D-year recurrence interval storm peak flow at hydrologic unit outlet and hydraulic capacity of existing 36-inch-diameter CMP at outlet. 

Source: SEWRPC. 

Alternative Stonnwater Drainage Plans: Because 
of the lack of available open space in which to 
construct detention storage facilities, the only 
practicable solution to the stonnwater drainage 
problems of this hydrologic unit is to upgrade the 
stonn sewer conveyance system. 

Recommended Stonnwater Management Plan: 
The recommended stonn sewer conveyance plan 
calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems. This plan includes 1,100 lineal feet of 
replacement stonn sewer, ranging in size from 
21-inch- to 24-inch-diameter reinforced concrete 
pipe. Table 66 presents a comparison of peak 
flows and existing and proposed stonn sewer 
hydraulic capacities. The components and costs 
of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities 
are shown graphically on Map 14. The total 
present value cost of this plan is $112,000, 
consisting of an estimated capital cost of 
$112,000 and no change in the annual operation 
and maintenance cost. 

Hydrologic Unit MR-AQ 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AQ is a 0.08-
square-mile area located as shown on Map 1 in 
Chapter I of this volume. Under existing land 
use conditions, approximately 92 percent of the 
hydrologic unit is developed in urban land uses. 

Under planned year 2010 land use conditions, 
the unit is expected to be completely developed 
in single-family residential uses. The existing 
storm water management system consists of 

. roadway curbs and gutters, stonn sewer inlets, 
and storm sewers. There are no identified 
intermittent or perennial streams within the 
hydrologic unit and the stonn sewers discharge 
directly to the Milwaukee River. 

The major drainage system has adequate capac
ity. Problems with inadequate minor system 
hydraulic capacities were identified in parts of 
this hydrologic unit. As seen in Table 67, a 
comparison of the existing and planned 10-year 
recurrence interval stonn flows with the capaci
ties of the existing stonn sewers shows that 
several sewers have inadequate capacities to 
meet the minor system requirement of passing 
the peak rate of runoff from a 10-year stonn. 

Alternative Stonnwater Drainage Plans: The 
following two alternative stonnwater manage
ment plans were considered for Hydrologic 
Unit AQ: 1) a stonn sewer conveyance plan and 
2) a stonn sewer conveyance with centralized 
detention plan. 

Alternative Plan No. AQ-l, Storm Sewer Con
veyance: The storm sewer conveyance alterna
tive plan calls for the provision of new and 
replacement storm sewers to abate existing 
stonnwater runoff problems. This alternative 
includes 675 lineal feet of 53-inch-wide by 
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34-inch-high reinforced concrete replacement 
storm sewer and 380 feet of new 21-inch-diameter 
reinforced concrete storm sewer. Map 14 shows 
the approximate location and alignment of the 
new and replacement storm sewers proposed 
under this alternative. The new storm sewer is 
recommended to provide a supplemental outlet to 
the Milwaukee River to be constructed through 
Riverside Park. There would only be limited, 
temporary disturbance of the park during con
struction. If the proposed supplemental outlet 
were constructed, the existing 285-foot-Iong, 
58-inch-wide by 36-inch-high and 323-foot-Iong, 
36-inch-diameter corrugated metal pipe storm 
sewers located in Kilbourn Street and Riverside 
Park downstream of the proposed supplemental 
outlet wOl:lld not require replacement on the 
basis of hydraulic capacity considerations. 
Table 67 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau
lic capacities. Table 9 presents the salient 
characteristics and estimated costs of the 
replacement storm sewers comprising this alter
native plan. The total present value cost of this 
alternative plan is $214,000, consisting of an 
estimated capital cost of $212,000 and an esti
mated annual operation and maintenance cost 
increase of $150. 

Alternative Plan No. AQ-2, Storm Sewer Con
veyance with Centralized Detention: Because of 
the lack of available open space in which to 
construct detention storage facilities, the only 
possible site for such a facility would be in 
Riverside Park. The provision of such detention, 
like the provision of a supplemental outlet und~r 
Alternative AQ-1, would eliminate the need to 
replace the existing 285-foot-Iong, 58-inch-wide 
by 36-inch-high and 323-foot-Iong, 36-inch
diameter corrugated metal pipe storm sewers 
located in Kilbourn Street and Riverside Park. 
The costs of Alternatives AQ-1 and AQ-2 would 
be similar. Alternative AQ-1 would involve only 
temporary disruption of the park during con
struction, while Alternative AQ-2 would involve 
disruption of park activities both during con
struction and during storms following construc
tion. Therefore, Alternative AQ-2 was eliminated 
from further consideration. 

Recommended Storm water Management Plan: 
As outlined above in the section which describes 
Alternative AQ-1, Storm Sewer Conveyance, the 
recommended plan calls for the provision of new 
and replacement storm sewers to abate existing 
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stormwater runoff problems. The components 
and costs of the recommended plan are set forth 
in Table 9. The approximate location, alignment, 
and configuration of the recommended facilities 
are shown graphically on Map 14. 

Hydrologic Unit MR-AR 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-AR is a 0.04-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, 
about 33 percent of the hydrologic unit is devel
oped in medium-density residential uses, with 
the remainder in agricultural and other open 
space uses. Under planned year 2010 conditions, 
about 72 percent of the hydrologic unit would 
be developed in urban uses, predominantly 
medium-density residential. The remaining 
28 percent would be wetlands and other open 
lands in the Milwaukee River floodplain and the 
primary environmental corridor along the River. 
The existing drainage patterns in the hydrologic 
unit consist of roadside swales along Scenic 
Drive and overland flow directly to the Milwau
kee River. There are no identified intermittent or 
perennial streams within the hydrologic unit. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and to the existence of a drainage system 
adequate for such development, there are no 
known existing, significant storm water drainage 
problems in the unit. 

Recommended Storm water Management Plan: 
The hydrologic unit concerned is partially 
developed and it has drainage patterns consist
ing primarily of overland flow directly to the 
Milwaukee River. Under planned development 
conditions, the unit could be adequately drained 
through a simple system of roadside swales and 
overland flow. The configuration of the storm
water management system for such an area 
would, to a large extent, be dictated by a future 
street and lot layout. Specific stormwater drain
age facilities would be established by developers 
and City staff during the design and review 
processes for proposed development. Detention 
storage would not be required because increases 
in rates of runoff would have no significant 
impact on peak flows in the Milwaukee River; 
however, the provision of such storage could be 
considered at the time of development if it were 
possible to achieve a cost saving in the convey-



Table 68 

COMPARISON OF PROPOSED FLOWS AND HYDRAULIC CAPACITIES 
OF STORM SEWERS: ALTERNATIVE AS-1, STORM SEWER CONVEYANCE 

Frequency 
Storm Used for 
Evaluation of 

, Planned Planned Planned Existing Storm 

Existing Capacity 10-Year 100-Year Sewers and 
Existing Capacity (cubic Storm Flow Storm Flow Replacement of 

Sizeb (cubic feet Planned Sizeb Length feet per (cubic feet (cubic feet Inadequate Storm 
Branch Reach Storm Sewer Locationa (inches) per second) (inches) (feet) second) per second) per second) Sewers (years) 

-- -- Municipal garage storage lot (156) 30 18 36 130 29 30 46 10 

-- -- Municipal garage lot (156) 30 16 42 105 39 33 51 10 

1 0 Municipal Drive (156) 30 32 36 428 52 44 68 10 

1 2 Municipal Drive (156) 36 30 42 at 0.42 percent 291 65 60 93 10 

1 2 Municipal Drive (156) 36 41 48 at 0.42 percent 250 93 72 112 10 

1 2 Municipal Drive (156) 36 54 48 at 0.42 percent 299 93 72 112 10 

1 2 Municipal Drive (156) 36 127 36 at 2.9 percentC 290 114 72 112 10 

1 2 Municipal Drive (156) 36 79 Retain existing pipe 270 -- 72 112 10 

8City storm sewer system plan sheet number in parentheses. 

b Diameter of circular reinforced concrete pipe unless noted otherwise. 

C Storm sewer must be laid at a flatter slope to accommodate recommended upstream storm sewers. 

Source: SEWRPC. 

ance system through the reduction of peak flows 
within the hydrologic unit. Drainage improve
ments in this unit would have only a small 
impact on the City capital improvements budget 
since most facilities would be paid for by private 
developers. 

Hydrologic Unit MR-AS 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AS is located as 
shown on Map 1 of Chapter I of this volume. 
This hydrologic unit includes two subbasins: 
1) subbasin MR48, which includes the City of 
West Bend Municipal Garage and commercial 
and residential lands tributary to the storm 
sewers in Municipal Drive and 2) subbasin 
MR50, which includes the City wastewater 
treatment plant and City lands available for 
possible future expansion of the plant. There are 
no identified intermittent or perennial streams 
within the hydrologic unit and the storm sewers 
discharge directly to the Milwaukee River. 

Runoff from subbasin MR50 drains to the 
Milwaukee River through overland flow, through 
overland flow into an existing detention basin 
and then into storm sewers, and through direct 
runoff to storm sewers. Under existing land use 
conditions, 54 percent of this hydrologic unit is 
developed as the City wastewater treatment 
plant. The major and minor drainage systems 
appear adequate under existing conditions. 

Under planned land use conditions it is antici
pated that the treatment plant and the small 
portion of the adjacent municipal garage lands 
within the subbasin may be expanded to com
prise about 98 percent of the hydrologic unit. 
Because the storm water management system 
serving the City wastewater treatment plant 
receives runoff only from City-owned lands and 
because details of any future expansion of the 
plant are unknown at this time, the evaluation 
of the stormwater management system can best 
be accomplished by City staff at such time as 
expansion is considered. It should be noted that 
the water quality management plan element 
presented in Chapter IV of this volume calls for 
runoff from this subbasin to be treated through 
the provision of wet detention basin WD7. 

The existing storm water management system in 
subbasin MR48 consists of roadway curbs and 
gutters, storm sewer inlets, and storm sewers in 
Municipal Drive and the municipal garage 
storage lot. Problems with inadequate minor 
system hydraulic capacities were identified in 
parts of this subbasin. As seen in Table 68, a 
comparison of the planned 10-year recurrence 
interval storm flows with the capacities of the 
existing storm sewers shows that some of the 
sewers have inadequate capacities to meet the 
minor system requirement of passing the peak 
rate of runoff from a IO-year storm. 
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Table 69 

ALTERNATIVE AS-1: COMPONENTS AND COSTS OF THE STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-ASa 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptionb CapitalC and Maintenanced 

AS 1. Replace 130 feet of 30-inch storm sewer 
in the municipal garage storage lot with 
36-inch storm sewer ........................ $ 25,000 $ -20 

2. Replace 1 05 feet of 30-inch storm sewer 
in the municipal garage storage lot with 
42-inch storm sewer ........................ 24,000 -20 

3. Replace 428 feet of 30-inch storm sewer in 
Municipal Drive with 36-inch storm sewer ......... 83,000 -80 

4. Replace 291 feet of 36-inch storm sewer in 
Municipal Drive with 42-inch storm sewer 
at a slope of 0.42 percent .................... 65,000 0 

5. Replace 549 feet of 36-inch storm sewer in 
Municipal Drive with 48-inch storm sewer 
at a slope of 0.42 percent .................... 140,000 0 

6. Replace 290 feet of 36-inch storm sewer in 
Municipal Drive with 36-inch storm sewer 
relaid at a slope of 2.9 percent in order 
to accommodate the new upstream storm sewers .... 28,000 0 

- - Total $3'65,000 $-120 

a Under this alternative plan, nonpoint source pollution control would be provided by wet detention basin WD 7 in adjacent 
hydrologic unit MR-BE. . 

bAli new and replacement storm sewers are reinforced concrete pipe. 

c Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

d Costs were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

Alternative Stormwater Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for subbasin MR48 
of Hydrologic Unit AS: 1) a storm sewer convey
ance plan and 2) a storm sewer conveyance with 
centralized detention plan. . 

Alternative Plan No. AS-l, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan calls for the provision of replacement storm 
sewers to abate existing stormwater runoff 
problems. This alternative includes 1,7901ineal 
feet of replacement storm sewer, ranging in size 
from 36- to 48-inch-diameter reinforced concrete 
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pipe. This alternative calls for the replacement 
of a 290-foot-Iong, 36-inch-diameter storm sewer 
in Municipal Drive which has adequate capacity 
to convey the peak rate of runoff from a 10-year 
recurrence interval' storm, but which must be 
re-laid at a flatter slope to accommodate the 
recommended upstream replacement storm sew
ers. The estimated cost for relaying the 290 feet 
of 36-inch storm sewer assumes that at least half 
of the storm sewer would be in adequate condi
tion and could be salvaged. Map 9 shows the 
approximate location and alignment of the 
replacement storm sewers proposed under this 
alternative. Table 68 presents a comparison of 



Table 70 

ALTERNATIVE AS-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AS 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenance 

AS 1 . Detention basin WD28 with a 10-year 
live storage volume of 1.1 acre-foot. 
Water quantity control costC •••••••••••.••••••• $23,000 $350 

2. 65 feet of 30-inch storm sewer for inlet to 
d - -detention basin WD28 ....................... 10,000 

3. 65 feet of 24-inch storm sewer for outlet from 
d - -detention basin WD28 ....................... 7,000 

- - Total $40,000 $350 

a All new and replacement storm sewers are reinforced concrete pipe. 

b'nc'udes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cAs set forth in Chapter IV of this Volume, the capital cost of the water quality control portion of basin WD28 is $85,000 
and the annual operation and maintenance cost is $1,800. 

d Annual operation and maintenance cost included under Item 1. 

Source: SEWRPC. 

peak flows and existing and proposed storm 
sewer hydraulic capacities. Table 69 presents the 
salient characteristics and estimated costs of the 
replacement storm sewers comprising this alter
native plan. The total present value cost of this 
alternative plan is $363,500, consisting of an 
estimated capital cost of $365,000 and an esti
mated annual operation and maintenance cost 
decrease of $120. 

Alternative Plan No. AS-2, Storm Sewer Convey
ance with Centralized Detention: Map 10 shows 
the approximate location, alignment, and con
figuration of the facilities called for under this 
alternative. Because of the reduction in peak 
10-year recurrence interval flood flows achieved 
through the provision of detention storage, this 
alternative avoids replacement of any existing 
storm sewers. Proposed detention basin WD28 
would be located on City property just south of 
the municipal garage on the east side of Munici
pal Drive. Table 70 presents the salient charac
teristics and estimated costs of the components 
of this alternative. The total present value cost 
of this alternative plan is $46,000, consisting of 
an estimated capital cost of $40,000, assuming 

no land acquisition cost since the detention 
basin would be located on City property, and an 
estimated annual operation and maintenance 
cost increase of $350. 

The water quality management plan element 
presented iIi Chapter IV of this volume calls for 
runoff from subbasin MR48 to be treated 
through the use of wet detention basins. It 
would, therefore, be logical for the detention 
basin proposed under this alternative to be a 
dual-purpose basin for the control of both water 
quantity and quality. The detention basin 
capital cost assigned to this alternative is the 
incremental cost for controlling the peak rate of 
runoff from the tributary area. It is appropriate 
to use that incremental cost because under either 
of the two water quantity control alternatives 
presented here, there would be wet detention 
provided for water quality controL Thus, use of 
the incremental cost reasonably assumes a 
similar cost for control of the quality of runoff 
under either alternative plan, whether such 
control is provided at the proposed location for 
basin WD28, or elsewhere at a site with a larger 
tributary area. 
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Evaluation of Alternative Storm water Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative stormwater drainage plans. Each 
alternative was designed to resolve potential 
existing and future drainage problems within 
the hydrologic unit. Each, when expanded to 
include the non point soUrce pollution control 
measures recommended in Chapter IV of this 
volume, would achieve the same degree of 
abatement of nonpoint source pollution. Thus, 

, the principal criteria for the comparative evalua
tion were reduced to cost and implementability. 

Alternative AS-2 is less costly than Alternative 
AS-1 and Alternative AS-2 would be more easily 
implemented since it would involve construction 
of a relatively small detention basin on currently 
undeveloped City land, rather than the replace
ment of storm sewers in an existing street. 

Recommended Storm water Management Plan: 
Because of the lower cost and more favorable 
implementability of Alternative AS-2, Storm 
Sewer Conveyance with Centralized Detention, 
that alternative is recommended for adoption in 
this hydrologic unit. The components and costs 
of the recommended plan are set forth in 
Table 9. The approximate location, alignment, 
and configuration of the recommended facilities, 
including those for control of nonpoint source 
pollution, are shown graphically on Map 14. 

Hydrologic Unit MR-AT 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AT is a 0.09-
square-mile area located as shown on Map 1 of 
Chapter I of this volume. This hydrologic unit is 
located within the West Bend Municipal Airport. 
The existing storm water management system 
consists of open swales and culverts which 
provide drainage along, and across, runways. 
There are no identified intermittent or perennial 
streams within the hydrologic unit. There are no 
known reported stormwater drainage problems 
in the hydrologic unit. 

Plan Recommendations: The City is currently 
considering alternatives for significant expan
sion of the Municipal Airport, including leng
thening and expansion of runways. The future 
storm water management system in this hydro
logic unit will be greatly dependent on the 
airport expansion alternative selected by the 
City. To analyze specific stormwater drainage 
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alternatives would be only an academic exercise 
in the absence of a specific conceptual site plan 
for the airport expansion. Thus, no detailed 
stormwater drainage recommendations are 
made for this hydrologic unit. 

Specific stormwater drainage facilities to serve 
future development should be established by the 
City during the engineering design of the 
selected expansion alternative. Because the 

. hydrologic unit does not receive runoff from 
lands outside the airport, the design of the 
drainage system need not account for runoff 
from planned development off the airport site. 

Hydrologic Unit MR-AU 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AU is a 0.11-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
entire hydrologic unit is developed in commer
cial, industrial, residential, and government and 
institutional land uses. Under planned year 2010 
conditions the types and distribution of develop
ment in the hydrologic unit would essentially be 
the same as under existing conditions. The 
existing storm water management system con
sists of roadway curbs and gutters, storm sewer 
inlets, storm sewers, and a short reach of open 
channel in subbasin MR70. There are no iden
tified intermittent or perennial streams within 
the hydrologic unit and the storm sewers dis
charge directly to the Milwaukee River. 

Problems with both inadequate minor and major 
system hydraulic capacities were identified in 
parts of this hydrologic unit. As seen in 
Table 71, a comparison' of the existing 10-year 
recurrence interval storm flows with the capaci
ties of the existing storm sewers shows that 
many sewers have inadequate capacities to meet 
the minor system requirement of passing the 
peak rate of runoff from a 10-year storm. In 
addition, major system capacity problems were 
identified at 8th, 9th, and 10th Avenues just 
south of Cedar Street, where ponding at a mid
block sag could result in flooding of adjacent 
houses, businesses, and Holy Angels School. 

Alternative Storm water Drainage Plans: The 
following two alternative storm water manage
ment plans were developed for this hydrologic 
unit: 1) a storm sewer conveyance plan and 2) a 
storm sewer conveyance with centralized deten
tion plan. 
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Table 71 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC 
CAPACITIES OF STORM SEWERS: ALTERNATIVE AU-1, STORM SEWER CONVEYANCE 

Existing Planned Existing Planned 
10-Year 10-Year 100-Year 100-Year 

Existing Planned Storm Storm Storm Storm 
Capacity Capacity Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per 

Location a (inches) second) (inches) (feet) second) second) second) second) second) 

Subbasin MR60 

Intersection of Elm Street 12 clay 6 21 at 1.2 12 17 9 9 14 14 
and 10th Avenue (152) percent 

Elm Street (152) 15 clay 5 21 at 1.2 283 17 9 9 14 14 
percent 

Intersection of Elm Street 15 clay 15 24 at 2.2 38 41 19 19 33 33 
and 9th Avenue (152) percent 

9th Avenue (152) 15 clay 7 30 at 0.76 178 36 19 19 33 33 
percent 

9th Avenue (152) 15 clayc 6 30 at 0.76 259 36 19 19 33 33 
percent 

9th Avenue (152) 15 clayc 7 30 at 0.76 261 36 19 19 33 33 
percent 

Intersection of Cedar 6 clay 1 12 47 7 2 2 3 3 
Street and 10th 
Avenue (152) 

10th Avenue (152) 12 clay 4 12 at 2.6 85 6 3 3 6 6 
percent 

Intersection of 10th 12 clay 9 12 at 3.0 26 6 3 3 6 6 
Avenue and Cedar percent 
Street (152) 

Cedar Street between 9th 15 clay 9 Retain existing 289 .. 5 5 9 9 
and 10th Avenues (152) pipe 

Intersection of 9th 24 clay 30 30 at 2.5 24 62 20 33 29 56 
Avenue and Cedar percent 
Street (152) 

Cedar Street between 8th 24 clay 37 30 at 2.5 312 62 27 33 36 56 
and 9th Avenues (152) percent 

Easement east of 8th 18 clay 24d 21 at 4.9 167 35 24 24 36 36 
Avenue (152) percent 

Alley south of Cedar 12 clay 4 30 at 1.2 148 45 26 26 40 40 
Street between 7th and percent 
8th Avenues (152) 

Easement south of Cedar 12 clay 5 30 at 1.2 152 45 26 26 40 40 
Street between alley and percent 
7th Avenue (152) 

Intersection of Cedar 24 40 30 at 3.6 30 78 46 50 69 84 
Street and 8th Avenue percent 
(152) 

Cedar Street between 7th 24 clay 44 30 at 3.6 310 78 46 50 69 84 
and 8th Avenues (152) percent 

Cedar Street between 7th 24 clay 51 36 179 140 51 57 81 98 
Avenue and Main Street 
(152) 

Cedar Street between 7th 15 clay 12 36 at 1.7 65 87 51 57 81 98 
Avenue and Main Street percent 
(152) 

Intersection of Cedar and 36 125 Retain existing 48 .. 51 57 81 98 
Main Streets (1521 

Main Street between 36 127 Retain existing 114 .. 62 68 95 114 
Cedar and Mill Streets 
(152) 

Mill Street (152) 36 126 Retain existing 92 .. 86 92 130 149 

Mill Street (152) 36 136 Retain existing 54 .. 86 92 130 149 

Mill Street (152) 36 139 Retain existing 71 .- 86 92 130 149 

South of Mill Street (152) 36CMP Adverse 42 at 0.85 208 93 86 92 130 149 
slope percent 

Outlet to Milwaukee 36CMP 70 42 at 0.85 75 93 86 92 130 149 
River (152) percent 

Frequency 

Storm Used for 
Evaluation of 

Existing Storm 

Sewers and 
Replacement of 

Inadequate Storm 
Sewers (years) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

10 

10 

10 

10 

10 

10 

10 

10 
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Table 71 (continued) 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 
Capacity Capacity Flow Flow Flow Flow Sewers and 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 

Branch Reach Location 8 (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

Subbasins MR70 and MR80 

1 0 Hickory Street (152) 18 24 Retain existing 41 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 36 by 30e 65 Retain existing 192 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 36 by 30e 65 Retain existing 55 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 18 clay 24 Retain existing 22 -- 24 24 38 38 10 
pipe 

Hickory Street (1 52) 18 25 Retain existing 24 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 18 25 Retain existing 41 -- 24 24 38 38 10 
pipe 

1 2 Hickory Street (152) 24 44 Retain existing 128 -- 31 31 50 50 10 
pipe 

Hickory Street (152) 24 44 Retain existing 150 -- 31 31 50 50 10 
pipe 

Hickory Street (152) 24 51 Retain existing 41 -- 31 31 50 50 10 
pip~ 

2 0 6th Avenue north of 15 8 Retain existing 35 -- 10 10 14 14 10 
Hickory Street (152) pipe 

Easement between 6th 24 51 Retain existing 95 -- 10 10 14 14 10 
Avenue and Main Street pipe 
(152) 

Easement between 6th 24 37 Retain existing 129 -- 10 10 14 14 10 
Avenue and Main Street pipe 
(152) 

Main Street (152) 12 4 18 38 11 10 10 14 14 10 

2 2 Main Street (152) 18 8 24 at 0_89 107 21 19 19 29 29 10 
percent 

Main Street (152) 18 12 ;14 at 0_89 80 21 19 19 29 29 10 
percent 

1 4 Main Street (152) 30 42 42 at 0_79 126 89 62 62 96 96 10 
percent 

Main Street (152) 30 36 42 at 0.79 242 89 62 62 96 96 10 
percent 

1 6 Main Street (152 30 89 42 at 0.79 18 89 70 70 108 108 10 
percent 

Easement east of Main 30 77 Retain existing 99 -- 70 70 108 108 10 
Street (152) pipe 

NOTE: The following abbreviation has been used: CMP = corrugated metal pipe. 

8 City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

c Parallel 15-inch-diameter clay storm sewers. 

d Actual capacity limited to four cubic feet per second by downstream 12-inch clay storm sewer in alley. 

eNonstandard size 36-inch-wide by 28-inch-high reinforced concrete pipe arch or 38-inch-wide by 24-inch-high horizontal elliptical reinforced concrete pipe assumed for hydraulic capacity 
determination. 

Source: SEWRPC. 
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Alternative Plan No. AU-I, Storm Sewer Con
veyance: The storm sewer conveyance alterna
tive plan calls for the provision of replacement 
storm sewers to abate existing storm water 
runoff problems. This alternative includes 3,210 
lineal feet of replacement storm sewer, ranging 
in size from 12- to 42-inch-diameter reinforced 
concrete pipe. Map 9 shows the approximate 
location and alignment of the replacement storm 
sewers proposed under this alternative. Table 71 
presents a comparison of peak flows and exist
ing and proposed storm sewer hydraulic capaci
ties. As seen from Table 71, because of the three 
mid-block sags with no safe outlets as noted 
above, this alternative calls for the provision of 
100-year recurrence flow capacity for significant 
portions of the recommended replacement storm 
sewer system. Table 72 presents the salient 
characteristics and estimated costs of the 
replacement storm sewers comprising this alter
native plan. The total present value cost of this 
alternative plan is $488,000, consisting of an 
estimated capital cost of $489,000 and an esti
mated annual operation and maintenance cost 
decrease of $40. 

Alternative Plan No. A U-2, Storm Sewer Con
veyance with Centralized Detention: Map 10 
shows the approximate location, alignment, and 
configuration of the facilities called for under 
this alternative. Because of the reduction in peak 
100-year recurrence interval flood flows achieved 
through the provision of detention storage, this 
alternative avoids replacement of approximately 
515 feet of existing storm sewer and it enables 
the use of 505 feet of smaller diameter pipes than 
are called for under Alternative AU-l. Proposed 
detention basin AU-l would be located on the 
playground of Holy' Angels School, southeast of 
the intersection of Cedar Street and Ninth 
Avenue. This basin would be a dry detention 
basin, which would drain completely between 
storms, minimizing disruption of use of the 
school playground. 

Table 73 presents a comparison of peak flows 
and existing and proposed storm sewer hydrau
lic capacities. Table 74 presents the salient 
characteristics and estimated costs of the com
ponents of this alternative. The total present 
value cost of this alternative plan is $563,000, 
consisting of an estimated capital cost of 
$533,000 and an estimated annual operation and 
maintenance cost increase of $1,900. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative stormwater drainage plans. Each 
alternative was designed to resolve potential 
existing and future drainage problems within 
the hydrologic unit. Each, when expanded to 
include the nonpoint source pollution control 
measures recommended in Chapter IV of this 
volume, would achieve the same degree of 
abatement of nonpoint source pollution. Thus, 
the principal criteria for the comparative evalua
tion were reduced to cost and implementability. 

Alternative AU-l is less costly and more easily 
implemented than Alternative AU-2, since it 
would involve replacement of storm sewers in 
existing streets, rather than a combination of 
storm sewer replacement and detention basin 
construction on private property currently used 
for other purposes. 

Recommended Storm water Management Plan: 
Because of the lower cost and more favorable 
implementability of Alternative AU-I, Storm 
Sewer Conveyance, that alternative is recom
mended for adoption in this hydrologic unit. The 
components and costs of the recommended plan 
are set forth in Table 9. The approximate loca
tion, alignment, and configuration of the recom
mended facilities, including measures for the 
control of nonpoint source pollution, are shown 
graphically on Map 14. 

Hydrologic Unit MR-A V 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AV is a 0.07-square
mile area located as shown on Map 1 in Chap
ter I of this volume. Under existing land use 
conditions, approximately 9 percent of the hydro
logic unit is developed in urban residential land 
use, with the remaining land in agricultural uses 
and other open space uses. Under planned year 
2010 conditions, about 74 percent of the hydro
logic unit would be developed in urban uses, 
predominantly medium-density residential, but 
would also include two-family residential and an 
elementary school. The remaining 26 percent 
would be devoted to wetlands and woodlands. 

The hydrologic unit consists of internally 
drained subbasin MR2021. The existing storm
water drainage pattern consists of overland flow 
into wetlands located in a topographic depres
sion. There are no identified intermittent or 
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Table 72 

ALTERNATIVE AU-l : COMPONENTS AND COSTS OF THE STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AU 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenancec 

MR-AU 1. Replace 12 feet of 12-inch clay storm sewer in the 
intersection of Elm Street and 10th Avenue with 
21-inch storm sewer at a slope of 1.2 percent ....... $ 1,000 $ 0 

2. Replace 283 feet of 1 5-inch clay storm sewer in 
Elm Street with 21-inch storm sewer at a slope 
of 1.2 percent ............................ 27,000 0 

3. Replace 38 feet of 1 5-inch clay storm sewer in the 
intersection of Elm Street and 9th Avenue with 
24-inch storm sewer at a slope of 2.2 percent ...... 4,000 0 

4. Replace 178 feet of 15-inch clay storm sewer 
in 9th Avenue with 30-inch storm sewer at a 
slope of 0.76 percent ....................... 27,000 0 

5. Replace 260 feet of two parallel 15-inch clay 
storm sewers in 9th .Avenue with one 30-inch 
storm sewer at a slope of 0.76 percent ........... 39,000 0 

6. Replace 47 feet of six-inch clay storm sewer 
in the intersection of Cedar Street and 
10th Avenue with 12-inch storm sewer .......... 2,000 0 

7. Replace 85 feet of 12-inch clay storm sewer 
in 10th Avenue with 12-inch storm sewer 
at a slope of 2.6 percent ..................... 4,000 0 

8. Replace 26 feet of 12-inch clay storm sewer in the 
intersection of Cedar Street and 10th Avenue with 
12-inch storm sewer at a slope of 3 percent ....... 1,000 0 

9. Replace 336 feet of 24-inch clay storm sewer in the 
intersection of Cedar Street and 9th Avenue and in 
Cedar Street between 8th and 9th A venues with 
30-inch storm sewer at a slope of 2.5 percent ...... 51,000 0 

10. Replace 1 67 ·feet of 18-inch clay storm sewer 
in an easement east of 8th Avenue with 21-inch 
storm sewer at a slope of 4.9 percent ........... 16,000 0 

11. Replace 300 feet of 12-inch clay storm sewer 
in an alley south of Cedar Street between 7th 
and 8th Avenue~ and in an easement between 
the alley and 7th Avenue with 30-inch storm 
sewer at a slope of 1 .2 percent ................ 45,000 0 

12. Replace 340 feet of 24-inch reinforced concrete -

and clay storm sewer in the intersection of 
Cedar Street and 8th Avenue and in Cedar Street 
between 7th and 8th Avenues with 30-inch storm 
sewer at a slope of 3.6 percent ................ 50,000 0 

13. Replace 179 feet of 24-inch clay storm sewer in 
Cedar Street between 7th Avenue and Main Street 
with 36-inch storm sewer .................... 35,000 -30 

14. Replace 65 feet of 1 5-inch clay storm sewer in Cedar 
Street between 7th Avenue and Main Street with 
36-inch storm sewer at a slope of 1.7 percent .....• 13,000 -10 

15. Replace 283 feet of 36-inch reinforced concrete and 
corrugated metal storm sewer in Mill Street and at the 
hydrologic unit outlet to the Milwaukee River with 
42-inch storm sewer at a slope of 0.85 percent ..... 64,000 0 
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Table 72 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

MR-AU 16. Replace 38 feet of 12-inch storm sewer in 
(continued) Main Street with 18-inch storm sewer ........... $ 3,000 $ 0 

17. Replace 187 feet of 30-inch storm sewer 
in Main Street with 24-inch storm sewer 
at a slope of 0.89 percent .................... 21,000 0 

18. Replace 386 feet of 30-inch storm sewer 
in Main Street with 42-inch storm sewer 
at a slope of 0.79 percent .................... 86,000 0 

- - Total $489,000 $-40 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

perennial streams within the hydrologic unit. 
There are no known reported stormwater drain
age problems in the hydrologic unit. 

The wetland in the unit includes an area of 
Class I, or high-value, wildlife habitat. 

Recommended Stormwater Management Plan: 
Under planned development conditions, the unit 
could be adequately drained through a simple 
system of storm sewers and overland flow, 
discharging to the depression, which would be 
preserved as wetlands and woodlands. The 
depression has adequate volume to completely 
store, with no o'\!tflow, the runoff from a 100-year 
recurrence interval storm with a duration of 10 
days. In order to provide two feet of freeboard 
between buildings and the 100-year recurrence 
interval ponding elevation during a 10-day 
storm, it is recommended that no development in 
the hydrologic unit be permitted below elevation 
993.7 feet National Geodetic Vertical Datum 
(NGVD), 1929 adjustment. That elevation limit 
on development would also be expected to 
provide sufficient protection during successive, 

more frequent storms when the runoff accumu
lated in the depressions may not completely 
infiltrate or evaporate between storms. 

The configuration of the stormwater manage
ment system for this area would, to a large 
extent, be dictated by a future street, lot, and 
building layout. Specific stormwater drainage 
facilities would be established by developers and 
City staff during the design and review pro
cesses for proposed development. Detention 
storage would not be required in this hydrologic 
unit because such facilities could not be practi
cally implemented to reduce overall costs 
through provision of smaller conveyance facili
ties and because runoff from the unit would be 
collected in the depression area and would not 
be conveyed outside the unit. 

In order to protect the wetlands and the area of 
high-value wildlife 'habitat in the hydrologic unit 
the stormwater management system should be 
designed to minimize concentration of flow and 
to achieve overland flow in order to: 1) promote 
infiltration of runoff and of the non point source 
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Branch Reach 

1 0 

1 2 

-- --

-- --

1 2 

2 0 

2 2 

1 4 

-- --

-- --

-- --

-- --

-- --

1 6 

1 8 

1 10 

1 12 
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Table 73 

COMPARISON OF EXISTING AND PROPOSED FLOWS AND HYDRAULIC CAPACITIES OF STORM 
SEWERS: ALTERNATIVE AU-2, STORM SEWER CONVEYANCE WITH CENTRALIZED DETENTION 

Existing Planned Existing Planned 
10-Year 10-Year 100-Year 100-Year 

Existing Planned Storm Storm Storm Storm 
Capacity Capacity Flow Flow Flow Flow 

Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic 
Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per 

Locationa (inchesl second) (inches) (feet) second) second) second) second) second) 

Subbasin MR60 

Intersection of Elm Street 12 clay 6 21 at 1.2 12 17 9 9 14 14 
and 10th Avenue (152) percent 

Elm Street (152) 15 clay 5 21 at 1.2 2B3 17 9 9 14 14 
percent 

Intersection of Elm Street 15 clay 15 24 at 2.2 38 41 19 19 33 33 
and 9th Avenue (152) percent 

AU-l inlet -- -- 24 at 2.2 70 41 -- 19 -- 33 
percent 

AU-l outlet -- -- 15 at 1.2 40 7 -- <7 -- 7 
percent 

9th Avenue (152) 15 clay 7 Retain existing 178 -- 19 <7 33 7 
pipe 

9th Avenue (152) 15 clayc 6 Retain existing 259 -- 19 <7 33 7 
pipe 

9th Avenue (152) 15 clayc 7 18 at 0.45 261 7 19 <7 33 7 
percent 

Intersection of Cedar 6 clay 1 12 47 7 2 2 3 3 
Street and 10th Avenue 
(152) 

10th Avenue (152) 12 clay 4 12 at 2.6 85 6 3 3 6 6 
percent 

Intersection of 10th 12 clay 9 12 at 3.0 26 6 3 3 6 6 
Avenue and Cedar Street percent 
(152) 

Cedar Street between 9th 15 clay 9 Retain existing 289 -- 5 5 9 9 
and 10th Avenues (152) pipe 

Intersection of 9th Avenue .24 clay 30 Retain existing 24 -- 20 21 29 30 
and Cedar Street (152) pipe 

Cedar Street between 8th 24 clay - 37 Retain existing 312 -- 27 21 36 30 
and 9th Avenues (152) pipe 

8th Avenue south of Cedar 12 clayd 3 Retain existing 177 -- 24 24 36 36 
Street (152) 

8th Avenue south of Cedar 12 clayd Adverse Retain existing 178 -- 24 24 36 36 
Street (152) slope 

Easement east of 8th 18 clay 24e 21 at 4.9 167 35 24 24 36 36 
Avenue (152) percent 

Ailey south of Cedar Street 12 clay 4 30 at 1.2 148 45 26 26 40 40 
between 8th and 9th percent 
Avenues (152) 

Easement south of Cedar 12 clay 5 30 at 1.2 152 45 26 26 40 40 
Street between alley and percent 
9th Avenue (152) 

Intersection of Cedar 24 40 30 at 3.6 30 78 46 38 69 62 
Street and 8th Avenue percent 
(152) 

Cedar Street between 7th 24 clay 44 30 at 3.6 310 78 46 38 69 62 
and 8th Avenues (152) percent 

Cedar Street between 7th 24 clay 51 30 179 89 51 45 81 74 
Avenue and Main Street 
(152) 

Cedar Street between 7th 15 clay 12 30 at 2.5 65 65 51 45± 81 74 
Avenue and Main Street percent 
(152) 

Intersection of Cedar and 36 125 Retain existing 48 -- 51 45± 81 74 
Main Streets (152) 

Main Street between 36 127 Retain existing 114 -- 62 56± 95 89 
Cedar and Mill Streets 
(152) 

Mill Street (152) 36 126 Retain existing 92 -- 86 80± 130 124 

Mill Street (152) 36 136 Retain existing 54 -- 86 80± 130 124 

Frequency 
Storm Used for 
Evaluation of 

Existing Storm 
Sewers and 

Replacement of 
Inadequate Storm 

Sewers (years) 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

10 

10 

10 

10 

10 



Table 73 (continued) 

Frequency 
Existing Planned Existing Planned Storm Used for 
10-Year 10-Year 100-Year 100-Year Evaluation of 

Existing Planned Storm Storm Storm Storm Existing Storm 

Capacity Capacity Flow Flow Flow Flow Sewers and 
Existing (cubic Planned (cubic (cubic (cubic (cubic (cubic Replacement of 

Storm Sewer Sizeb feet per Sizeb Length feet per feet per feet per feet per feet per Inadequate Storm 
Branch Reach Location 8 (inches) second) (inches) (feet) second) second) second) second) second) Sewers (years) 

Subbasin MR60 (continued) 

1 12 Mill Street (152) 36 139 Retain existing 71 -- 86 80± 130 124 10 

South of Mill Street (152) 36CMP Adverse 42 at 0.77 208 88 86 80± 130 124 10 
slope percent 

Outlet to Milwaukee River 36CMP 70 42 at 0.77 75 88 86 80± 130 124 10 
(152) percent 

Subbasins MR70 and MR80 

1 0 Hickory Street (152) 18 24 Retain existing 41 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 36 by 30f 65 Retain existing 192 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 36 by 30f 65 Retain existing 55 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 18 clay 24 Retain existing 22 -- 24 24 38 38 10 
pipe 

Hickory Street (152) 18 25 Retain existing 24 -- 24 24 38 38 10 
pipe 

Hickory Street (1 52) 18 25 Retain eXisting 41 -- 24 24 38 38 10 
pipe 

1 2 Hickory Street (152) 24 44 Retain existing 128 -- 31 31 50 50 10 
pipe 

Hickory Street (152) 24 44 Retain existing 150 -- 31 31 50 50 10 
pipe 

Hickory Street (152) 24 51 Retain existing 41 -- 31 31 50 50 10 
pipe 

2 0 6th Avenue north of 15 8 Retain existing 35 -- 10 10 14 14 10 
Hickory Street (152) pipe 

Easement between 6th 24 51 Retain existing 95 -- 10 10 14 14 10 
Avenue and Main Street pipe 
(152) 

Easement between 6th 24 37 Retain existing 129 -- 10 10 14 14 10 
Avenue and Main Street pipe 
(152) 

Main Street (152) 12 4 18 38 11 10 10 14 14 10 

2 2 Main Street (152) 18 8 24 at 0.89 107 21 19 19 29 29 10 
percent 

Main Street (152) 18 12 24 at 0.89 80 21 19 19 29 29 10 
percent 

1 4 Main Street (152) 30 42 42 at 0.79 126 89 62 62 96 96 10 
percent 

Main Street (152) 30 36 42 at 0.79 242 89 62 62 96 96 10 
percent 

1 6 Main Street (152) 30 89 42 at 0.79 18 89 70 70 108 108 10 
percent 

Easement east of Main 30 77 Retain existing 99 89 70 70 108 108 10 
Street (152) pipe 

NOTE: The following abbreviation has been used: CMP = corrugated metal pipe. 

8City storm sewer system plan sheet number in parentheses. 

bDiameter of circular reinforced concrete pipe unless noted otherwise. 

c Parallel 15-inch-diameter clay storm sewers. 

d ParaJfel 12-inch-diameter clay storm sewers. 

e Actual capacity limited to four cubic feet per second by downstream 12-inch clay storm sewer in alley. 

f Nonstandard size 36-inch-wide by 28-inch-high reinforced concrete pipe arch or 38-inch-wide by 24-inch-high horizontal elliptical reinforced concrete pipe assumed for hydraulic capacity 
determination. 

Source: SEWRPC. 
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Table 74 

ALTERNATIVE AU-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AU 

Hydrologic 
Unit 

MR-AU 

196 

Project and Component Descriptiona 

1. Replace 12 feet of 12-inch clay storm sewer in the 
intersection of Elm Street and 10th Avenue with 
21-inch storm sewer at a slope of 1.2 percent 

2. Replace 283 feet of 15-inch clay storm sewer 
in Elm Street with 21 -inch storm sewer at 
a slope of 1.2 percent ..................... . 

3. Replace 38 feet of 15-inch clay storm sewer in the 
intersection of Elm Street and 9th Avenue with 
24-inch storm sewer at a slope of 2.2 percent ..... . 

4. Replace 261 feet of 15-inch clay storm sewer 
in 9th Avenue with 18-inch storm sewer at 
a slope of 0.45 percent .................... . 

5. Replace 47 feet of six-inch clay storm sewer 
in the intersection of Cedar Street and 10th 
Avenue with 12-inch storm sewer ............. . 

6. Replace 85 feet of 12-inch clay storm sewer 
in 10th Avenue with 12-inch storm sewer 
at a slope of 2.6 percent .................... . 

7. Replace 26 feet of 12-inch clay storm sewer in the 
intersection of Cedar Street and 10th Avenue with 
12-inch storm sewer at a slop of 3 percent ....... . 

8. Replace 167 feet of 18-inch clay storm sewer 
in an easement east of 8th Avenue with 21-inch 
storm sewer at a slope of 4.9 percent .......... . 

9. Replace 300 feet of 30-inch clay storm sewer 
in an alley south of Cedar Street between 
8th 9th Avenues and in an easement between 
the alley and 9th Avenue with 30-inch 
storm sewer at a slope of 1.2 percent .......... . 

10. Replace 340 feet of 24-inch reinforced concrete 
and clay storm sewer in the intersection of Cedar 
Street and 8th Avenue and in Cedar Street between 
7th and 8th Avenues with 30-inch storm sewer 
at a slope of 3.6 percent .................... . 

11. Replace 179 feet of 24-inch clay storm sewer in 
Cedar Street between 7th Avenue and Main Street 
with 30-inch storm sewer ................... . 

12. Replace 65 feet of 15-inch clay storm sewer in Cedar 
Street between 7th Avenue and Main Street with 
30-inch storm sewer at a slope of 2.5 percent ..... . 

13. Replace 283 feet of 36-inch reinforced concrete 
and corrugated metal storm sewer at the hydrologic 
unit outlet to the Milwaukee River with 42-inch 
storm sewer at a slope of 0.77 percent .......... . 

14. Replace 38 feet of 12-inch storm sewer in 
Main Street with 18-inch storm sewer .......... . 

15. Replace 187 feet of 30-inch storm sewer 
in Main Street with 24-inch storm sewer 
at a slope of 0.89 percent ................... . 

Estimated Cost 

Capitalb 

$ 1,000 

27,000 

4,000 

21,000 

2,000 

4,000 

1,000 

16,000 

45,000 

50,000 

27,000 

10,000 

64,000 

3,000 

21,000 

Annual Operation 
and Maintenancec 

$ o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

-10 

o 

o 

o 



Table 74 (continued) 

Estimated Cost 

Hydrologic Annual Operation 
Unit Project and Component Descriptiona Capitalb and Maintenancec 

MR-AU 16. Replace 386 feet of 30-inch storm sewer 
(continued) in Main Street with 42-inch storm sewer 

at a slope of 0.79 percent .................... $ 86,000 $ 0 
17. Construct detention basin AU-1 with a 100-year 

storm storage volume of 0.6 acre-feet ........... 140,000 1,900 
18. 70 feet of 24-inch-diameter storm sewer 

for basin AU-1 inlet ........................ 8,000 0 
19. 40 feet of 1 5-inch-diameter storm sewer 

for basin AU-1 outlet ....................... 3,000 0 

- - Total $533,000 $1,900 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

cCosts were noted to be zero when the alternative proposed replacement of a component with a component having similar 
operation and maintenance cost. Negative costs were noted when the replacement component was estimated to have a 
lower operation and maintenance cost than that of the existing facility. 

Source: SEWRPC. 

pollutants carried by the runoff, and 2) to avoid 
erosion of the steep banks adjacent to the 
wetland depressions and the resulting sedimen
tation in the wetlands. It is also essential that 
the City construction erosion control ordinance 
be strictly enforced to prevent erosion and 
sedimentation during construction within the 
hydrologic unit. 

Hydrologic Unit MR-AW 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-AW is a 0.10-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Existing land uses in the hydrologic 
unit are agricultural and wetlands. Under 
planned year 2010 conditions, about 50 percent 
of the hydrologic unit would be developed for 
urban uses, predominantly medium-density 
residential, with a small amount of industrial 
land. The remaining 50 percent would be 
devoted to wetlands and other open lands in the 
Milwaukee River floodplain and the primary 
environmental corridor along the River. The 
existing drainage patterns in the hydrologic unit 
consist of roadside swales and overland flow 

directly to the Milwaukee River. There are no 
identified intermittent or perennial streams 
within the hydrologic unit. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and to the existence of a drainage system 
adequate for such development, there are no 
known existing, significant stormwater drainage 
problems in the unit. 

Recommended Stormwater Management Plan: 
The hydrologic unit concerned is undeveloped 
and has drainage patterns consisting primarily 
of overland flow directly to the Milwaukee River. 
On the basis of planned development densities, 
the unit could be adequately drained through a 
simple system of storm sewers and overland 
flow. The configuration of the stormwater 
management system for such an area would, to 
a large extent, be dictated by a future street and 
lot layout. Specific stormwater drainage facili
ties would be established by developers and City 
staff during the design and review processes for 
proposed development. Detention storage would 
not be required because increases in rates of 
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runoff would have no significant impact on peak 
flows in the Milwaukee River; however, the 
provision of such storage could be considered at 
the time of development if it were possible to 
achieve a cost saving in the conveyance system 
through the reduction of peak flows within the 
hydrologic unit. Drainage improvements in this 
unit would have only a small impact on the City 
capital improvements budget since most facili
ties would be paid for by private developers. 

Hydrologic Unit MR-AX 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-AX is a 0.01-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
hydrologic unit is essentially in rural uses which 
are wetlands, agricultural, and pasture. Part of 
the hydrologic unit is located within the 100-year 
recurrence interval floodplain of the Milwaukee 
River. Under planned year 2010 conditions, the 
hydrologic unit would, essentially remain in 
rural open space uses and no urban development 
is planned. The existing drainage patterns in the 
hydrologic unit consist of overland flow directly 
to the Milwaukee River and there are no known 
existing, significant stormwater drainage prob
lems in the unit. 

Plan Recommendation: BeGause no urban devel
opment is planned for the hydrologic unit and 
no increase in storm water runoff is expected, the 
recommended plan eontains no new stormwater 
management measures for this Hydrologic Unit. 

Hydrologic Unit MR-AY 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-AY is a 0.19-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, approxi
mately 6 percent of the hydrologic unit is devel
oped in urban land uses. Under planned year 
2010 conditions, approximately 64 percent of the 
unit is anticipated to be developed in urban land 
uses, predominantly medium-density residential. 
The remaining 36 percent would be devoted to 
prime agricultural land and the primary environ
mental corridor along the Milwaukee River. The 
existing stormwater management system con
sists of roadway swales and cross culverts. There 
are no identified intermittent or perennial 
streams within the hydrologic unit. 
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Owing to the low development density of the 
hydrologic unit under existing conditions and to 
the existence of a drainage system adequate for 
such development, there are no known existing, 
significant stormwater drainage problems in 
the unit. 

Alternative Stormwater Drainage Plans: The 
following two .alternative storm water manage
ment plans were developed to serve planned 
development in this hydrologic unit: 1) a storm 
sewer conveyance plan and 2) a storm sewer 
conveyance with centralized detention plan. 

Alternative Plan No. A Y-l, Storm Sewer Con
veyance: The storm sewer conveyance alterna
tive plan calls for the provision of new storm 
sewers to serve planned development. This 
alternative includes 4,720 lineal feet of new 
storm sewer, ranging in size from 12- to 36-inch
diameter reinforced concrete pipe. The alterna
tive also calls for turf-lined open channels with 
lengths of 25 and 35 feet at two proposed storm 
sewer outfalls. Map 9 shows the approximate 
location and alignment of the facilities proposed 
under this alternative. Table 75 presents the 
salient characteristics and estimated costs of the 
storm sewers and open channels comprising this 
alternative plan. The total present value cost of 
this alternative plan is $415,000, consisting of an 
estimated capital cost of $386,000 and an esti
mated annual operation and maintenance cost 
of $1,860. 

Alternative Plan No. A Y-2, Storm Sewer Con
veyance with Centralized Detention: Map 10 
shows the approximate location, alignment, and 
configuration of the facilities called for under 
this alternative. Because of the reduction in peak 
10-year recurrence interval flood flows achieved 
through the provision of dry detention basin 
AY-1 in subbasin MR247 northeast of the inter
section of Salisbury Road and Woodford Drive, 
this alternative avoids the installation of 
approximately 575 feet of storm sewer proposed 
under Alternative AY-1 and enables the use of 
685 feet of smaller diameter pipes than are called 
for under Alternative AY-1.Table 76 presents 
the salient characteristics and estimated costs of 
the components of this alternative. The total 
present value cost of this alternative plan is 
$464,000, consisting of an estimated capital cost 
of $405,000, and an estimated annual operation 
and maintenance cost increase of $3,780. 



Table 75 

ALTERNATIVE AY-1: COMPONENTS AND COSTS OF THE STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT AY 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenance 

AY 1. Install 660 feet of 1 2 inch storm sewer · ......... $ 33,000 $ 270 
2. Install 1 ,220 feet of 1 5-inch storm sewer · ........ 76,000 490 
3. Install 1,1 30 feet of 1 8-inch storm sewer · ........ 76,000 450 
4. Install 425 feet of 21-inch storm sewer · ......... 29,000 170 
5. Install 35 feet of 24-inch storm sewer · .......... 3,000 10 
6. Install 370 feet of 27-inch storm sewer · ......... 34,000 100 
7. Install 555 feet of 30-inch storm sewer · ......... 71,000 230 
8. Install 325 feet of 36-inch storm sewer · ......... 63,000 60 
9. Construct 35 foot-long, turf-lined 

open channel from 24-inch-diameter 
storm sewer to Milwaukee River ............... 500 30 

10. Construct 25 foot-long, turf-lined 
open channel from 1 8-inch-diameter 
storm sewer to Milwaukee River ............... 400 50 

- - Total $385,900 $1,860 

a All new and replacement storm sewers are reinforced concrete pipe. 

blncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 
Table 76 

ALTERNATIVE AY-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
CENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-AY 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenance 

AY 1. Install 1,020 feet of 12 inch storm sewer .......... $ 51,000 $ 410 
2. Install 1,220 feet of 1 5-inch storm sewer · ........ 76,000 490 
3. Install 845 feet of 18-inch storm sewer · .......... 53,000 340 
4. Install 750 feet of 21-inch storm sewer · .......... 60,000 300 
5. Install 35 feet of 24-inch storm sewer . ........... 3,000 10 
6. Install 275 feet of 27-inch storm sewer · .......... 26,000 100 
7. Construct 35 foot-long, turf-lined 

open channel from 24-inch-diameter 
storm sewer to Milwaukee River ................ 500 30 

8. Construct 25 foot-long, turf-lined 
open channel from 1 8-inch-diameter 
storm sewer to Milwaukee River ................ 400 50 

9. Construct dry detention basin A Y-1 
with a 1 O-year recurrence interval 
storm volume of 1.5 acre-feet .................. 135,000 2,050 

- - Total $404,900 $3,780 

a All new and replacement storm sewers are reinforced concrete pipe. 

b'ncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 
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Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
basis for a comparative evaluation of the two 
alternative storm water drainage plans. Each 
alternative was designed to resolve potential 
existing and future drainage problems within 
the hydrologic unit. Thus, the principal criteria 
for the comparative evaluation were reduced to 
cost and implementability. 

Alternative AY-1 is less costly than Alternative 
AY-2. Alternative AY-1 would enable more land 
to be developed in medium-density residential 
uses because it would not require the construc
tion of detention basin AY-l. Thus, Alternative 
AY-1 might be somewhat more easily imple
mented than Alternative AY-2. 

Recommended Storm water Management Plan: 
Because of the lower cost and more favorable 
implement ability of Alternative AY-l, Storm 
Sewer Conveyance, that alternative is recom
mended for adoption in this hydrologic unit. The 
components and costs of the recommended plan 
are set forth in Table 9. The approximate loca
tion, alignment, and configuration of the recom
mended facilities are shown graphically on 
Map 14. 

Hydrologic Unit MR-AZ 
Evaluation of the Stormwater Management 
System: Hydrologic Unit AZ is a 0.04-square
mile area located along the Milwaukee River, as 
shown on Map 1 in Chapter I of this volume. 
Under existing land use conditions, the hydro
logic unit is essentially entirely rural, including 
agricultural, woodland, and wetland uses. Under 
planned year 2010 conditions, the hydrologic 
unit would be about 89 percent developed for 
urban use, predominantly government and 
institutional with some low- and medium-density 
residentiaL The remaining 11 percent would be 
devoted to wetlands and woodlands in the 
·Milwaukee River floodplain and the primary 
environmental corridor along the River. Under 
existing conditions, runoff from the unit is 
conveyed to the Milwaukee River through over
land flow, roadside swales, and culverts. There 
are no identified intermittent or perennial 
streams within the hydrologic unit. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and to the existence of a drainage system 
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adequate for such development, there are no 
known existing, significant storm water drainage 
problems in the unit. 

Recommended Stormwater Management Plan: 
The hydrologic unit concerned is undeveloped 
and it has drainage patterns consisting pri
marily of overland flow to the Milwaukee River. 
On the basis of planned development densities, 
the planned urban portions of the unit could be 
adequately drained through a simple system of 
overland flow, swales, and open channels. The 
configuration of the storm water management 
system for such an area would, to a large extent, 
be dictated by a future street, building, and lot 
layout. It is recommended that a trapezoidal, 
turf-lined open channel with a minimum length 
of 285 feet, a three-foot bottom width and 
average side slopes of one vertical on four 
horizontal, or other equivalent shape, be con
structed through the area of proposed low
density residential development north of Wood
ford Drive. A small, meandering low-flow chan
nel could be provided within the flood channeL 
In the final design stage,the channel cross
section shape and the channel alignment could 
be refined to provide an attractively landscaped 
feature within the planned residential setting. 
Any realignment would involve changes in the 
minimum channel length. 

The channel would convey runoff from the 
proposed upstream government and institutional 
development as well as from the low-density 
residential areas. The existing 25-foot-Iong, 
30-inch-diameter steel pipe under the Wisconsin 
Central Transportation Corporation at the 
downstream end of the proposed open channel 
would be adequate to convey the estimated peak 
rate of runoff from a 100-year recurrence interval 
storm under planned land use and drainage 
conditions. 

A 0.25-acre wet detention basin for the control 
of non point source pollution, designated basin 
WD20, is recommended under the water quality 
management plan element set forth in Chap
ter IV of this volume. That basin would be 
located on the south side of Woodford Drive. The 
need to control the peak two-year recurrence 
interval rate of runoff under planned land use 
conditions through the provision of expanded 
live storage detention basin WD20 was investi
gated. That investigation was made because an 



increase in the peak flood flows of the more 
frequent floods could increase erosion in the 
wooded primary environmental corridor along 
the banks of the Milwaukee River at the unit 
outlet. It was found that the two-year flood flow 
would be approximately equal under existing 
and planned conditions. Thus, expansion of 
basin WD20 to control the runoff from frequent 
storms was not considered to be necessary. 

The recommended drainage plan, along with 
nonpoint source control measures recommended 
in Chapter IV of this volume, is summarized in 
graphic form on Map 14. The components and 
costs of the recommended plan, including mea
sures for the control of nonpoint source pollu
tion, are set forth in Table 9. The total present 
value of this plan is about $4,500, consisting of 
an estimated capital cost of $3,000, and an 
estimated annual operation and maintenance 
cost increase of $100. 

Hydrologic Unit MR-BA 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-BA is a 0.02-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
hydrologic unit is entirely cropland. Under 
planned year 2010 conditions, about 79 percent 
of the hydrologic unit would be developed in 
urban uses, predominantly medium-density 
residential. The remaining 21 percent would be 
devoted to open lands in the Milwaukee River 
floodplain and the primary environmental 
corridor along the River. The existing drainage 
patterns in the hydrologic unit consist of over
land flow and concentrated overland flow to the 
Milwaukee River. There are no identified inter
mittent or perennial streams within the hydro
logic unit. 

Owing to the low development density of the 
hydrologic unit under existing conditions and to 
the existence of a drainage system adequate for 
such development, there are no known existing, 
significant stormwater drainage problems in 
the unit. 

Recommended Storm water Management Plan: 
On the basis of planned development densities 
and under planned conditions, the hydrologic 
unit could be adequately drained through a 
simple system of storm sewers and overland 
flow. The configuration of the stormwater 
management system for such an area would, to 

a large extent, be dictated by a future stx:eet and 
lot layout. Specific storm water drainage facili
ties would be established by developers and City 
staff during the design and review processes for 
proposed development. 

Detention storage would not be required because 
increases in rates of runoff would have no 
significant impact on peak flows in the Milwau
kee River; however, the provision of such storage 
could be considered at the time of development 
if it were possible to achieve a cost saving in the 
conveyance system through the reduction of 
peak flows within the hydrologic unit. Drainage 
improvements in this unit would have only a 
small impact on the City capital improvements 
budget since most facilities would be paid for by 
private developers. 

Hydrologic Unit MR-BB 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-BB is a 0.02-
square-mile area located along the Milwaukee 
River, as shown on Map 1 of Chapter I of this 
volume. Under existing land use conditions, 
5 percent of the hydrologic unit is developed in 
medium-density residential uses, with the 
remaining land consisting of woodlands, wet
lands, and open lands. The hydrologic unit is 
located almost completely within the 100-year 
recurrence interval floodplain of the Milwaukee 
River and within a primary environmental 
corridor. Under planned year 2010 conditions, 
95 percent of the hydrologic unit would remain 
as woodlands, wetlands, and open lands. 

The existing drainage patterns in the hydrologic 
unit consist of overland flow directly to the 
Milwaukee River; because of the low density of 
development there are no known existing, signifi
cant stormwater drainage problems in the unit. 

Plan Recommendation: Because no new urban 
development is planned for the hydrologic unit 
and no increase in storm water runoff is 
expected, the recorp.mended plan contains no 
new stormwater management measures for this 
hydrologic unit. 

Hydrologic Unit MR-BC 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-BC is a 0.46-
square-mile area and is located on the Milwau
kee River, as shown on Map 1 in Chapter I of 
this volume. This hydrologic unit includes the 
following twelve subbasins: MR46D (35.3 acres), 
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MR53D (23.4 acres), MR54 (62.0 acres), MR55D 
(4.7 acres), MR56 (41.0 acres), MR56A (5.0 acres), 
MR297-1 (29.3 acres), MR389D ~41.5 acres), 
MR390D (10.9 acres), MR400D (20.2 acres), 
MR454D (7.3 acres), and MR603D (14.3 acres). 
There are no intermittent or perennial streams 
identified on existing large-scale topographic 
maps prepared by the Regional Planning Com
mission for the City of West Bend in 1988 or on 
the 7.5-minute-quadrangle map of the area 
prepared by the U. S. Geological· Survey. How
ever, on the basis of field inspection and upon 
review of the 1990 Regional Planning Commis
sion ratioed and rectified aerial photograph for 
the Northeast one-quarter of U. S. Public Land 
Survey Section 13, Township 11 North, Range 19 
East, there is a stream located in subbasin 
MR56. 

Subbasins MR46D and MR54: Under existing 
conditions, the land in these subbasins is 
predominantly cropland. Under planned year 
2010 conditions, 87 percent of the subbasins 
would be developed in medium-density single
and two-family residences. The remaining 
13 percent would be devoted to primary environ
mental corridor and open space uses. Conceptual 
street layouts for future development in these 
subbasins were obtained from the City of West 
Bend and were used to size storm water drainage 
facilities for those subbasins. Those facilities are 
described below. 

Subbasins MR56 and MR297-1: Runoff from 
existing governmental and institutional develop
ment in subbasin MR297-1 drains to the south, 
passing under Washington Str,eet (STH 33) in a 
42-inch-diameter reinforced concrete pipe culvert 
which discharges to the unnamed stream which 
flows through rural portions of subbasin MR56 
before discharging to the Milwaukee River. 
Under existing conditions, the land use in these 
subbasins is about 64 percent urban, consisting 
primarily of government and institutional uses. 
Under planned year 2010 conditions, these 
subbasins would be about 87 percent developed 
for urban uses, predominantly government and 
institutional. The remaining 13 percent would be 
devoted to primary environmental corridor and 
park and recreation uses. The stormwater drain
age needs of these subbasins under planned land 
use conditions were evaluated in order to deter
mine the best alternative plan for providing 
drainage. That evaluation is described below. 
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Subbasins MR389D, MR390D, and MR400D: 
These subbasins are located in Riverside Park, 
with the exception of the extreme eastern and 
southern portions of MR389D, where medium
density residential developmeI\t is proposed in 
Addition No.5 to, the Gatewood Highlands 
subdivision. The City has received a grading 
plan for the proposed addition to the subdivision 
which calls for runoff to be collected in a 
detention basin which would discharge to River
side Park through a shallow grassed swale. The 
proposed stormwater drainage facilities appear 
to be adequate and no further recommendations 
are considered to be necessary. 

Subbasins MR53D, MR55D, MR56A, MR454D, 
and MR603D: Under existing conditions, runoff 
from these subbasins drains to the Milwaukee 
River through overland flow and concentrated 
overland flow. Under planned year 2010 land use 
conditions, the portions of these subbasins 
which are not developed for urban uses would be 
part of the primary environmental corridor 
along the Milwaukee River and Riverside Park. 

Existing land use in subbasin MR53D is entirely 
rural, consisting primarily of cropland and 
woodlands. Under planned land use conditions 
it is anticipated that 64 percent of the subbasin 
will be developed for medium-density single
family residential uses. The remaining 36 per
cent would be devoted to primary environmental 
corridor and park and recreation uses. 

Existing land use in subbasin MR55D is entirely 
rural, consisting primarily of cropland and open 
lands. Under planned land use conditions it is 
anticipated that 89 percent of the subbasin will 
be developed for medium-density single- and two
family residential uses. The remaining 11 per
cent would be devoted to primary environmental 
corridor. 

Existing land use in subbasin MR56A is 
83 percent rural, with the remainder devoted to 
industrial uses. Under planned land use condi
tions it is anticipated that 55 percent of the 
subbasin will be developed for industrial uses. 
The remaining 45 percent would be devoted to 
primary environmental corridor and park and 
recreation uses. 

Existing land use in subbasin MR454D is 
73 percent rural, with the remainder in industrial 



uses. Under planned land use conditions it is 
anticipated that 46 percent of the subbasin will 
be developed for industrial uses. The remaining 
54 percent would be devoted to primary environ
mental corridor and park and recreation uses. 

Owing to the relatively low development densi
ties under existing conditions and to the exis
tence of a drainage system adequate for such 
development, there are no known existing, 
significantstormwater drainage problems in 
these subbasins. 

On the basis of planned development densities, 
these subbasins could be adequately drained 
through a simple system of storm sewers, swales, 
and overland flow. The configuration of the 
stormwater management system for such areas 
would, to a large extent, be dictated by future 
building, street, and lot layouts. Specific storm
water drainage facilities would be established by 
developers and City staff during the design and 
review processes for proposed development. 

Detention storage would not be required because 
increases in rates of runoff would have no 
significant impact on peak flows in the Milwau
kee River; however, the provision of such storage 
could be considered at the time of development 
if it were possible to achieve a cost savings in the 
conveyance system through the reduction of peak 
flows within the subbasins. Drainage improve
ments in this unit would have only a small 
impact on the City capital improvements budget 
since most facilities would be paid for by the 
private sector. 

Alternative Stormwater Drainage Plans:. As 
stated above, detailed stormwater management 
alternative plans were considered for subbasins 
MR46D and MR54, acting as a unit, and for 
subbasins MR56D and MR297-1, acting as a unit. 

Subbasins MR46D and MR54: The following two 
alternative storm water management plans were 
considered for these subbasins: 1) a storm sewer 
conveyance plan and 2) a storm sewer convey
ance with decentralized detention plan. Concep
tual street layouts for future development in 
these subbasins were obtained from the City of 
West Bend and were used to size stormwater 
drainage facilities. 

Alternative Plan No. BC-I, Storm Sewer Convey
ance: The storm sewer conveyance alternative 
plan calls for the provision of new storm sewers 
to serve planned development. This alternative 
includes 2,975 lineal feet of new storm sewer, 
ranging in size from 12- to 42-inch-diameter 
reinforced concrete pipe. The water quality 
management plan presented in Chapter IV of 
this volume calls for the construction of wet 
detention basin WD24 at the outlet of subbasin 
MR54. While some degree of water quantity 
control may be provided by that detention basin 
because of the need to excavate to accommodate 
the proposed inflowing storm sewer, the basin is 
intended for the control of nonpoint source 
pollution and the provision of quantity control is 
not essential. Map 9 shows the approximate 
location and alignment of the new storm sewers 
proposed under this alternative. Table 77 pre
sents the salient characteristics and estimated 
costs of the storm sewers comprising this alter
native plan. The total present value cost of this 
alternative plan is $335,000, consisting of an 
estimated capital cost of $319,000 and an esti
mated annual operation and maintenance cost of 
$1,010. 

Alternative Plan No. BC-2, Storm Sewer Convey
ance with Decentralized Detention: Map 11 
shows the approximate location, alignment, and 
configuration of the facilities called for under 
this alternative. Because of the reduction in peak 
10-year recurrence interval flood flows achieved 
through the provision of 0.45-acre-foot of deten
tion storage in dry detention basin Be-I, this 
alternative enables the use of smaller diameter 
storm sewers. In addition to dry detention basin 
BC-l, this alternative calls for the installation of 
2,865 lineal feet of new storm sewer, ranging in 
size from 12- to 36-inch-diameter reinforced 
concrete pipe. As under Alternative BC-l, wet 
detention basin WD24 would be constructed at 
the outlet of subbasin MR54. Table 78 presents 
the salient characteristics and estimated costs of 
the components of this alternative. The total 
present value cost of this alternative plan is 
$393,000, consisting of an estimated capital cost 
of $354,000, including land acquisition for the dry 

. detention basin, and an estimated annual opera
tion and maintenance cost increase of $2,480. 

Evaluation of Alternative Stormwater Drainage 
Plans: The foregoing information provides a 
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Table 77 

ALTERNATIVE BC-1: COMPONENTS AND COSTS OF THE STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-BC 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenance 

MR-BC 1. Install 205 feet of 12-inch storm sewer · .......... $ 9,000 $ 80 
2. Install 370 feet of 18-inch storm sewer · .......... 23,000 150 
3. Install 360 feet of 24-inch storm sewer · .......... 30,000 140 
4. Install 940 feet of 27-inch storm sewer · .......... 88,000 350 
5. Install 570 feet of 36-inch storm sewer · .......... 75,000 110 
6. Install 530 feet of 42-inch storm sewer · .......... 84,000 100 
7. Construct 75-foot-long, riprap-lined 

open channel from detention basin 
WD24 outlet to Milwaukee River ................ 4,000 30 

8. Construct 120-foot-long, riprap-lined 
open channel from 27-inch storm 
sewer outfall to Milwaukee River ................ 6,000 50 

- - Total $319,000 $1,010 

a All new ana replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 

Table 78 

ALTERNATIVE BC-2: COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE WITH 
DECENTRALIZED DETENTION STORMWATER DRAINAGE PLAN FOR WEST BEND HYDROLOGIC UNIT MR-BC 

Estimated Cost 

Hydrologic 
Capitalb 

Annual Operation 
Unit Project and Component Descriptiona and Maintenance 

MR-BC 1. Install 205 feet of 12-inch storm sewer · .......... $ 9,000 $ 80 
2. Install 330 feet of 1 5-inch storm sewer · .......... 17,000 130 
3. Install 690 feet of 18-inch storm sewer · .......... 43,000 250 
4. Install 360 feet of 24-inch storm sewer · .......... 30,000 140 
5. Install 750 feet of 27-inch storm sewer · .......... 70,000 300 
6. Install 530 feet of 36-inch storm sewer · .......... 70,000 100 
7. Construct 75-foot-long, riprap-lined 

open channel from detention basin 
WD24 outlet to Milwaukee River ................ 4,000 30 

8. Construct 1 20-foot-long, riprap-lined 
open channel from 27-inch storm 
sewer outfall to Milwaukee River ................ 6,000 50 

9. Construct dry detention basin BC-1 
with a 1 O-year recurrence interval 
storm storage volume of 0.45 acre-foot · .......... 105,000 1,400 

- - Total $354,000 $2,480 

a All new and replacement storm sewers are reinforced concrete pipe. 

b Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 
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basis for a comparative evaluation of the two 
alternative stormwater drainage plans. Each 
alternative was designed to serve planned 
development within the subbasins. Each, when 
expanded to include the nonpoint source pollu
tion control measures recommended in Chap
ter IV of this volume, would achieve the same 
degree of abatement of nonpoint source .pollu
tion. Thus, the principal criteria for the compara
tive evaluation were reduced to cost and 
implementability. 

Alternative BC-l is less costly than Alternative 
BC-2 and would be more easily implemented 
since it would involve installation of storm 
sewers in new streets, rather than a combination 
of storm sewer installation and detention basin 
construction on private property which could be 
developed if dry basin BC-l were not constructed. 

Recommended Stormwater Management Plan: 
Because of the lower cost and more favorable 
implementability of Alternative BC-l, Storm 
Sewer Conveyance, that alternative is recom
mended for adoption in these subbasins. The 
components and costs of the recommended plan 
are set forth in Table 9. The approximate loca
tion, alignment, and configuration of the recom
mended facilities, including those for the control 
of nonpoint source pollution, are shown graphi
cally on Map 14. 

Subbasins MR56 and MR297-1: Because there is 
ample existing open land along the unnamed 
stream which traverses subbasin MR56, the 
alternative of utilizing the existing system of 
open channels and culverts was analyzed under 
planned development conditions. It was found 
that the existing 42-inch-diameter reinforced 
concrete culvert under Washington Street 
(STH 33) has adequate hydraulic capacity to 
convey the runoff from storms with recurrence 
intervals up to, and including, 100 years. The 
existing access road on the grounds of the 
Washington County Home and Hospital would 
be overtopped during a 100-year recurrence 
interval flood. That road is currently closed and 
is not required for access to the hospital. Thus, 
overtopping would not be create access problems. 

The 100-year floodplain along the stream in 
subbasin MR56 would occupy a relatively narrow 
band along the stream. As shown on Map 14, 
during a 100-year flood the peak stage in the 

stream would rise to a level which would overtop 
the drainage divide along the east side of 
subbasin 56, resulting in flow through Riverside 
Park to the Milwaukee River. Reservation of the 
park land and the narrow band of land adjacent 
to the stream as floodplain is an appropriate and 
beneficial use of those open lands. Thus, preser
vation of the open lands in the 100-year recur
rence interval floodplain of the stream is 
recommended as a viable means of providing 
stormwater drainage for these subbasins under 
planned land use conditions. It is also recom
mended that the existing culvert under Washing
ton Street (STH 33) be retained. There are no 
costs assigned to this alternative because all the 
lands to be preserved as floodplain are owned by 
either the City or by Washington County. It is 
assumed that the County would be receptive to 
excluding development from the floodplain along 
the unnamed stream in lieu of incurring the 
expense associated with construction of an 
engineered stormwater drainage system. 

Hydrologic Unit MR-BD 
Evaluation of the Storm water Management 
System: Hydrologic Unit MR-BD is a 0.09-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Existing land uses in the hydrologic 
unit are 90 percent rural, including agricultural 

. land, open lands, woodlands, and wetlands. The 
urban land use in the unit is comprised of a 
portion of the West Bend municipal wastewater 
treatment plant. Under planned year 2010 
conditions, only about 39 percent of the hydro
logic unit would be developed for urban uses, 
predominantly medium-density residential, but 
would include the existing portion of the munici
pal wastewater treatment facility. The remain
ing 61 percent would be devoted to wetlands and 
other open lands in the Milwaukee River flood
plain and the primary environmental corridor 
along the River. The existing drainage patterns 
in the hydrologic unit consist of overland flow 
directly to the Milwaukee River. There are no 
identified intermittent or perennial streams 
within the hydrologic unit. 

Owing to the relatively low development density 
of the hydrologic unit under existing conditions 
and to the existence of a drainage system 
adequate for such development, there are no 
known existing, significant storm water drainage 
problems in the unit. 
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Recommended Stormwater Management Plan: 
The hydrologic unit concerned is undeveloped 
and it has drainage patterns consisting pri
marily of overland flow directly to the Milwau
kee River. On the basis of planned development 
densities, the planned urban portions of the unit 
could be adequately drained through a simple 
system of storm sewers and overland flow. The 
configuration of the stormwater management 
system for such an area would, to a large extent, 
be dictated by a future street and lot layout. 
Specific storm water drainage facilities would be 
established by developers and City staff during 
the design and review processes for proposed 
development. Detention storage would not be 
required because increases in rates of runoff 
would have no significant impact on peak flows 
in the Milwaukee River; however, the provision 
of such storage could be considered at the time 
of development if it were possible to achieve a 
cost savings in the conveyance system through 
the reduction of peak flows within the hydrologic 
unit. Drainage improvements in this unit would 
have only a small impact on the City capital 
improvements budget since most facilities would 
be paid for by private developers. 

Hydrologic Unit MR-BE 
Evaluation of the Stormwater Management 
System: Hydrologic Unit MR-BE is a 0.16-
square-mile area located along the Milwaukee 
River, as shown on Map 1 in Chapter I of this 
volume. Under existing land use conditions, the 
hydrologic unit is almost entirely in rural uses, 
with agricultural use predominant. Under 
planned year 2010 conditions, about 80 percent 
of the hydrologic unit would be developed for 
commercial and industrial use. The remaining 
20 percent would be devoted to primary environ
mental corridor and open space uses. Also, as 
noted in Chapter II of this volume, it is assumed 
that about 21 acres of land which currently 
drain to Wingate Creek would be filled and 
regraded as they are developed, so as to drain 
directly to the Milwaukee River. This area is 
shown on Map 10 and would he entirely tribu
tary to this hydrologic unit. Thus, the recom
mended storm water drainage facilities have 
been sized to account for this increase in tribu
tary area. 

The existing storm water management system 
for this· hydrologic unit generally consists of 
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direct overland flow paths to the Milwaukee 
River. There are no identified intermittent or 
perennial streams located within the unit. 
Because of the low development density of the 
unit under existing conditions, there are no 
known existing stor:plwater drainage problems. 

Alternative Storm water Drainage Plans: 
Because planned development in the hydrologic 
unit is anticipated to be primarily commercial 
and industrial, storm sewer drainage facilities 
would be provided as requested by the City for 
commercial and industrial areas. The recom
mended water quality management plan pre
sented in Chapter IV of this volume calls for the 
provision of wet basin WD7 near the outlet of 
subbasin MRS1 and wet basin WD8 near the 
outlet of subbasin MR385, with both basins 
being located outside the 100-year recurrence 
interval floodplain of the Milwaukee River. 
Thus, on the basis of the planned land uses and 
the recommendation for the provision of wet 
detention, the only stormwater management 
option considered was storm sewer conveyance 
with centralized detention. 

Recommended Storm water Management Plan: 
The recommended plan calls for the provision of 
about 4,500 lineal feet of new storm sewers to 
serve planned development. These sewers would 
range in size from 24-inch reinforced concrete 
circular pipe to 58-inch-wide by 36-inch-high 
reinforced concrete pipe arch. Although intended 
strictly for water quality purposes, additional 
surcharge storage would be provided at wet 
basins WD7 and WD8 because of the need to 
excavate to an elevation at which the permanent 
pond would receive runoff from the upstream 
storm sewer system. This additional storage 
allows for a reduction in the length and size of 
downstream storm sewers from what would be 
required if the basins were not to be constructed. 

The recommended drainage plan, along with 
non point source control measures recommended 
in Chapter IV of this volume, is summarized in 
graphic form on Map 14. The components and 
costs of the recommended quantity control 
elements of the plan are set forth in Table 9. The 
total present value of this plan is about $824,000, 
consisting of an estimated capital cost of 
$777,000 and an estimated annual operation and 
maintenance cost increase of $3,010. 



REFINEMENTS TO THE RECOMMENDED 
STORMWATER MANAGEMENT PLAN 
FOLLOWING REVIEW BY CITY STAFF 

Some refinements were made in the recom
mended stormwater management plan as a 
result of review by City staff. Those refinements 
are described below. 

Hydrologic Unit MR-K 
At a November 23,1993, interagency meeting of 
City and Regional Planning Commission staff, 
the City staff requested the evaluation of alter
natives to locating proposed detention basin K-1 
in an existing wetland. The request was made 
because of City concerns over the location of the 
basin in an area where infIltration of runoff to 
the groundwater could have adverse impacts on 
the quality of the municipal water supply. Two 
alternatives which are refinements of the recom
mended plan were developed. 

Alternative Refinement No.1 to the Recom
mended Plan, Storm Sewer Conveyance with 
Centralized Detention and Detention Basin K-1 
Located to Serve Planned Development Only: To 
protect the municipal water supply from poten
tial contamination, City staff suggested that the 
proposed site of detention basin K-1 be changed 
from the wetland south of Highland View Drive 
to the area west of the wetland. Locating the 
basin outside the wetland would enable the 
installation of a liner to seal the bottom and 
avoid infiltration of runoff. The installation of 
such a liner at the originally proposed wetland 
site would destroy the wetland and would, 
therefore, be undesirable and not feasible from 
a regulatory standpoint. 

Changing the proposed site of the detention 
basin results in the detention of runoff from a 
smaller drainage area. It was assumed that the 
wetland would still store runoff from areas of 
existing medium-density residential develop
ment and from a woodland, both of which are 
tributary to the wetland. 

This refinement to the recommended plan would 
change the recommended plan only with respect 
to the localized area upstream of the intersection 
of Highland View Drive and Bobolink Lane. 
Under the refinement, the existing 15- and 
24-inch-diameter storm sewers in Highland View 
Drive would be maintained, but 514 feet of 
18-inch-diameter storm sewer in Highland View 
Drive between Silverbrook Drive and Bobolink 

Lane would be replaced with 45-inch-wide by 
29-inch-high elliptical storm sewer laid at a slope 
of 0.26 percent. Detention basin K-l would have 
a 100-year recurrence interval storm peak stor
age volume of 0.7 acre-feet. The basin outlet 
would be a 140-foot-Iong, 12-inch-diameter rein
forced concrete pipe connected to the existing 
15-inch-diameter storm sewer in Highland View 
Drive. An impervious lining would be provided 
in the bottom and sides of the basin. 

City staff also requested that the permanent pond 
for the control of nonpoint source pollution 
proposed to be incorporated in recommended 
detention basin WD4 be eliminated from the 
recommended plan. The reasons for elimination 
of the permanent pond are: 1) safety concerns 
regarding location of the proposed basin in a 
residential neighborhood on the grounds of 
Badger Middle School and 2) retaining usable 
dry-land open space which would be lost if a pond 
were constructed. The dry detention component of 
basin WD4 for water quantity control purposes 
would be retained under this refinement. 

The total present value cost of this refined 
alternative plan is $4,097,000, consisting of an 
estimated capital cost of $4,011,000, including 
land acquisition for the detention basins, and an 
estimated annual operation and maintenance 
cost increase of $5,470. The capital and annual 
operation and maihtenance costs include the 
total $279,000 and $1,900 costs, respectively, for 
basin WD4. Under Alternative Plan No. K-2, as 
described in the preceding section of this chap
ter, large portions of the total costs of basin WD4 
were assigned to the water quality management 
element of the plan and up to 70 percent of the 
capital cost could have been paid with funds 
from the State of Wisconsin. With the water 
quality control benefits of the detention basin 
eliminated, State cost-sharing funds would no 
longer be available. 

Alternative Refinement No.2 to the Recom
mended Plan. Storm Sewer Conveyance with 
Centralized Detention and Detention Basin K-1 
Eliminated: Under a second refinement to the 
recommended plan, detention basin K-1 would be 
eliminated. As under Alternative Refinement 
No.1, it was assumed that the wetland would 
store runoff from areas of existing medium
density residential development and from a 
woodland, both of which are tributary to the 
wetland. 
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This refinement would change the recommended 
plan only in the localized area upstream of 
proposed dry detention basin K-2, which is to be 
located in Decorah Hills City Park. Under the 
refinement, 1) 90 feet of new 18-inch-diameter 
storm sewer would be installed in Highland 
View Drive upstream of the existing 15-inch
diameter storm sewer, 2) the existing 287 feet of 
15-inch-diameter storm sewer would be replaced 
with 18-inch-diameter storm sewer, 3) the exist
ing 296 feet of 24-inch-diameter storm sewer in 
Highland View Drive would be kept, 4) 514 feet 
of 18-inch-diameter storm sewer in Highland 
View Drive between Silverbrook Drive and 
Bobolink Lane would be replaced with 53-inch
wide by 34-inch-high horizontal elliptical storm 
sewer laid at a slope of 0.28 percent, 5) the 
existing 159 feet of 18-inch-diameter storm sewer 
in Highland View Drive east of Bobolink Lane 
would be replaced with two parallel 53-inch-wide 
by 34-inch-high horizontal elliptical storm 
sewers at a slope of 0.28 percent, and 6) two 
parallel 53-inch-wide by 34-inch-high horizontal 
elliptical storm sewers at a slope of 0.28 percent 
would be installed as the inlet to proposed 
detention basin K-2. The storm sewers listed 
under Items 1 through 3 would convey the peak 
rate of runoff from a 10-year recurrence interval 
storm, while the storm sewers called for under 
Items 4 through 6 would convey the peak rat~ 
of runoff from a 100-year storm. 

Basin K-2 would store a peak 100-year storm 
volume ,of 3.9 acre-feet, an 0.6-acre-foot increase 
over the volume envisioned under the initial 
recommended plan. The additional storage 
volume could be accommodated within the 
excavation required for the basin which was 
originally recommended. Thus, there would be 
no additional cost to construct basin K-2. 

As under Alternative Refinement No.1, the 
permanent pond which was proposed to be 
incorporated into recommended detention basin 
WD4 would be eliminated but the dry detention 
component of basin WD4 would be retained. 

The total present value cost of this refined 
alternative plan is $4,080,000, consisting of an 
estimated capital cost of $4,013,000, including 
land acquisition for the detention basins and an 
estimated annual operation and maintenance 
cost increase of $4,280. As under Alternative 
Refinement No.1, the capital and annual opera
tion and maintenance costs include the total 
$279,000 and $1,900 costs, respectively, for basin 
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WD4. State cost-sharing funds would no longer 
be available for that basin since the water 
quality control component would be eliminated. 

Evaluation of Alternative Refinements to the 
Recommended Plan for Hydrologic Unit MR-K: 
Each alternative refinement would resolve the 
identified existing drainage problems, would 
serve anticipated future development, and would 
avoid potential contamination of the municipal 
groundwater supply due to future development. 
The capital and present value costs of the 
alternative refinements are essentially equal. 
Thus, the principal criterion for the comparative 
evaluation was reduced to implementability. 

Alternative Refinement No.2, which would 
eliminate detention basin K-1, would not require 
the reservation of land for the provision of a 
detention basin. Such reservation of land would 
be required under Alternative Refinement No. 1. 
The additional land available under Refinement 
No. 2 could be used for development. 

Recommended Refined Storm water Management 
Plan: Because Alternative Refinement No.2 is 
considered to be more readily implementable, it 
is recommended for adoption in this hydrologic 
unit. The components and costs of the refined 
recommended plan are set forth in Table 9. The 
approximate location, alignment, and configura
tion of the refined recommended facilities, 
including nonpoint source pollution control 
measures, are shown graphically on Map 14. 

SUMMARY 

The recommended stormwater management 
plan for the Milwaukee River drainage area in 
the City of West Bend was synthesized from the 
plans recommended for each of the 57 hydrologic 
units in the study area shown on Map 1 in 
Chapter I of this volume. The stormwater drain
age element of the recommended plan includes 
the following components~ 1) storm sewer con
veyance, 2) storm sewer conveyance with cen
tralized detention, 3) storm. sewer and open 
channel conveyance, 4) storm sewer and open 
channel conveyance with centralized detention, 
5) storm sewer conveyance with decentralized 
detention, 6) open channel conveyance, and 
7) open channel conveyance with centralized 
detention. The components and costs of the 
recommended storm water drainage plan are set 
forth in Table 9. The total capital cost of the 
recommended plan is about $22,602,000 and the 
estimated annual operation and maintenance 



Table 79 

HYDROLOGIC AND HYDRAULIC CHARACTERISTICS OF RECOMMENDED 
DETENTION BASINS IN THE MILWAUKEE RIVER DRAINAGE AREA 

Incremental 
Incremental Peak Pond Peak Pond 
Peak Pond Volume Peak Outflow Volume Peak Pond Peak Outflow 
Volume for During a from Detention During a Volume from Detention 
Control of a 10-Year Basin During a 100-Year During a Basin During a 

Permanent Permanent 10-Year Storm 10-Year Storm Storm a 100-Year 100-Year Storm 
Hydrologic Basin Pond Area Pond Volume Storma (cubic feet (cubic feet per (cubic feet Storm (cubic feet 

Unit Designation (acres) (acre-feet) (acre-feet) per second) second) per second) (acre-feet) per second) 

A WD9 2.20 11.20 4.3 15.5 25 7.7 18.9 57 

B B-1 -- -- 0.5 0.5 3 - - -- --
0 WD10 1.60 8.00 2.9 10.9 17 4.9 12.9 42 

E E-1 -- - - 1.6 1.6 11 1.9 1.9 37 

H WD25 0.68 3.40 1.7 5.1 14 3.2 6.6 36 

K K-2 -- -- -- -- -- 3.9 3.9 3 

K-3 -- -- -- -- -- 3.9 3.9 10 

WD4 -- - - -- -- - - 4.2 4.2 59 

M M-1 -- -- 2.4 2.4 16 4.6 4.6 40 

N WD3 3.20 15.80 10.3 26.1 70 17.4 33.2 99 

0 WD& 0.64 3.20 1.9 5.1 22 3.2 6.4 29 

T WD2,6 0.25 1.25 0.3 1.6 17 0.5 1.8 29 

WD27 0.25 1.25 - - -- - - 0.8 2.1 4 

AS WD28 0.27 1.40 1.1 2.5 11 -- - - --

a For wet detention basins, this is the incremental volume above the permanent pond volume. 

Source: SEWRPC. 

cost increase is $40,650. The hydrologic and 
hydraulic characteristics of the recommended 
dual-pul1?ose detention basins for water quantity 
and qualIty control are set forth in Table 79. 

The recommended water quality management 
element of the plan, which is set forth in 
Chapter IV of this volume, includes 1) wet 
detention basins, 2) infiltration of runoff from 
parking lots serving hospitals, miscellaneous 
governmental and institutional facilities, and 
selected high-density residential development 
3) a street sweeping and catch basin cleanin~ 
program for commercial and industrial streets 
4) frequent sweeping of selected industriai 
parking and storage areas, and 5) continued 
enforcement of the City of West Bend construc
tion erosion control ordinance. The stormwater 
drainage element and the water quality manage
ment plan element for the control of nonpoint 
source pollution were integrated into the compre
hensive storm water management plan shown in 
graphic form on Map 14. 

Implementation of the recommended stormwater 
management system plan for the Milwaukee 
River drainage area will produce an adaptable 
and cost-effective storm water management 
system which 1) provides minor and major 
storm water drainage systems that are adequate 
to prevent the exposure of people to drainage
related inconvenience, nuisance flooding, and 
health and safety hazards during storms with 
recurrence intervals up to, and including, 
10 years, and which reduce the exposure of real 
and personal property to damage during storms 
with recurrence intervals up to, and including, 
100 years, 2) will effectively serve existing and 
proposed future land uses, and 3) will abate 
nonpoint source water pollution and help 
achieve the recommended water use objectives 
and supporting water quality standards for 
surface water bodies. The estimated total cost of 
the stormwater drainage and nonpoint source 
pollution control elements which comprise the 
recommended plan are set forth in Table 80. 
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Map 14 (continued) 
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Map 14 (continued I 
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Map 14 (continued) 
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Map 14 (continued) 
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Map 14 (continued) 

RECOMMENDED SYSTEM PLAN FOR STORMWATER MANAGEMENT FOR THE MILWAUKEE RIVER 
DRAINAGE AREA OUTSIDE THE WINGATE CREEK SUBWATERSHED IN THE CITY OF WEST BEND STUDY AREA 

LEGEND 
H'(()ROLCGIC UNIT BOUNDARY UNO(fl EX,STiNG 
DRolJNAGE CONDITIONS 

MR-M HYDROLOGIC lX'lIT IDENTIFICAnON 

Sue8A5IN 6OIJNOARY 

MR 206 SUBBASIN IDENTIFICATION 

-"-
• 

" 

• 
"., 

D 
-~-

D 

D 
D 

CMPA 

eLA'!' 

NOTE 

SUBBASIN OUTLET 

E XISTING STORM SEWER TO BE RETAINED 
(SIZE IN INCHES) 

EXIS TING MANHOlE OF! CATCHBASIN 

EXISTING OPEN CHANNEL 

PROPosm REPLACEMENT STORM SEWER DESIGNED 
FOA IO.YEAR 5101'1'" (SIZE IN It-ICHESI 

PROPOSED REPLACEMENT STORM $EWER DESIGNEO 
FOR tOO-YEAR STORM (SIZE IN INCHESl 

PROPOSED MANHOLE 

PROPOSED DRY DETE NTION BASIN 
AND DESIGNATION 

PROPOSED STORM SEWER OR CUlvt=.:RT 
(SIZE IN INCHES) 

100- YEAR RECUAAENCE INTERVAL FLOOO 
INUNDATION AREA lJNOER PLANNEO 2010 L AND 
USE AND PLANNEO ORAiNAGE C(lfIIDiTIONS 

AREA TRIBUTARY TO STREET TO BE S WE PT II 
TIMES IN SPRING AND II TIMES IN FALL 

AREA T~BUTARY TO I~USTRIAL PAR!<;ING lOT OR 
STORAG€ lIREA TO BE SWEPT WEEKLY IN SPRING, 
SUMMER. AND FALL 

CORRUGATED "'.ETAL PIPE 

CORRUGATED METAL PIPE ARCH 

HORIZONTAL ELUPTICAL REINFORCED 
CONCRETE PIPE 

CLAY PIPE 

1I PIPES ARE CONSTRUCTED Of REJNFORCED 
CONCRETE UNLESS DESIGNATED AS ABOVE. 

t 

219 



Map 14 Icontinued) 
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Map 14 (continued) 
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Map 14 (continued) 
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Table 80 

COSTS OF THE RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE 
MILWAUKEE RIVER DRAINAGE AREA IN THE CITY OF WEST BEND STUDY AREA 

Annual Operation 
Plan Element Capital a and Maintenance 

Storm water Drainage System 
Wingate Creek . . . . . . . . . . . . . . . . . ....... $ 2,785,000 $ 21,300 
Milwaukee River Drainage Area 

Outside of Wingate Creek ............... 22,602,000 40,700 

Water Quality Management Measures ......... 4,151,000 162,600 

Total $29,538,000 $224,600 

a Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 
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Chapter IV 

WATER QUALITY MANAGEMENT PLAN ELEMENT 

INTRODUCTION 

This chapter presents the findings and recom
mendations of the stormwater management plan 
for the City of West Bend as that plan relates 
to control of nonpoint source pollution from the 
Milwaukee River drainage area, including the 
Wingate Creek subwatershed. The chapter des
cribes the water quality objectives of the plan, 
provides estimates of non point source pollutant 
loadings from the study area, presents the basis 
for the selection of the recommended wate'r 
quality management measures, describes the 
components and costs of the recommended 
measures, and evaluates the recommended plan 
on the basis of how well it meets the objectives 
and supporting standards presented in Volume 
One of this report. 

The recommended measures represent a refine
ment of the nonpoint source pollution abatement 
measures recommended in the areawide water 
quality management plan for Southeastern 
Wisconsin. 1 The recommended measures were 
also developed to be consistent, to the, extent 
practical, with the pollutant loading reduction 
goals set forth in the non point source priority 
watershed plan prepared for the Milwaukee 
River watershed.2 

The recommended water quality control facilities 
and measures for the Milwaukee River drainage 
area were integrated with the recommended 
stormwater drainage measures to form the 
recommended storm water management plan. 
The recommended storm water management 

1 SEWRPC Planning Report No. 30, A Regional 
Water Quality Management Plan for Southeast
ern Wisconsin-2000, Volume One, Inventory 
Findings, September 1978; Volume Two, Alterna
tive Plans, February 1979; and Volume Three, 
Recommended Plan, June 1979. 

2 Wisconsin Department of Natural Resources, A 
Nonpoint Source Control Plan for the East and 
West Branches of the Milwaukee River Priority 
Watershed Project, February 1989. 

plan as presented on Map 6 in Chapter II of this 
volume for the Wingate Creek subwatershed and 
on Map 14 in Chapter III of this volume for the 
rest of the Milwaukee River drainage area thus 
includes both drainage and water quality man
agement measures. 

WATER USE OBJECTIVES AND 
WATER QUALITY STANDARDS 

The water use objectives and supporting water 
quality standards to be met by surface waters of 
the West Bend study area are set forth in Chap
ter IV of Volume One of this report. The levels of 
control of nonpoint source pollutants determined 
to be needed to meet those objectives and stand
ards provide the basis for selection of the recom
mended water quality management plan. 

The free-flowing reaches of the Milwaukee River 
within and immediately downstream of the 
study area were found to be potentially capable 
of meeting the warm water sport fish and full 
recreational water use objectives. Currently, 
these stream reaches are only partially meeting 
their full potential uses under existing condi
tions. The full achievement of the recommended 
water use objectives in the free-flowing reaches 
of the Milwaukee River is currently limited by 
sedimentation, excessive macrophyte growth, 
and high bacteria counts. 

Additional reaches of free-flowing stream were 
created within the study area when the Woolen 
Mills dam on the Milwaukee River was removed 
in 1988 and the Young America dam was 
removed in 1992. The former impoundment area 
of the Woolen Mills dam was converted to a 
City park. The Wisconsin Department of N atu
ral Resources intends to improve fish habitat 
and to stock fish in order to establish a high
quality sport fishery in the reach which formerly 
contained the impoundment. There are no 
known specific plans for the use and manage
ment of the former impoundment area of the 
Young America dam. 

The remaining impounded reaches of the River 
within the study area include the Barton Mill
pond, located upstream of STH 144, and the West 
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Bend Pond, located upstream of STH 33. These 
impoundments were also found to be potentially 
capable of meeting the warmwater sport fish and 
full recreation water use objectives. The impound
ments can support more tolerant forms of sport 

. and forage fish and other aquatic life. However, 
these impounded areas are currently meeting 
their full potential uses only partially. The 
achievement of the recommended water use 
objectives for the impounded reaches of the River 
is currently limited by sedimentation; poor water 
quality, including elevated temperatures turbid
ity and low dissolved oxygen levels; and pollu
tion of the sediments by copper, lead, cadmium, 
mercury, oil and greas~, and arsenic. . 

The intermittent streams tributary to the Mil
waukee River in the study area include Wingate 
Creek and an unnamed tributary entering the 
River in the northeast one-quarter of U. S. Public 
Land Survey Section 2, Township 11 North, 
Range 19 East. Those tributaries were found to 
be potentially capable of meeting limited objec
tives for fish and aquatic life ,and for recrea
tional water use. Because of relatively low 
natural flow conditions, these tributaries can 
potentially support a forage fish community and 
provide spawning habitat for warmwater sport 
fish from the Milwaukee River itself. These two 
tributaries. are only partially meeting their full 
potential uses under existing conditions. The full 
achievement of the recommended water use 
objectives in these tributaries is currently limited 
by sedimentation and limited habitat. 

The study area also includes Wallace Lake, 
whose area of more than 50. acres classes it as 
a major natural lake. Smaller natural lakes in 
the study area include Lenwood and Rainbow 
Lakes. The three lakes are classified as being 
capable of meeting the warm water sport fish 
and full recreation water use objectives. 

Other significant water-related natural resource 
features in the study area which merit protection 
consist of the large wetlands shown on Map 4 of 
Chapter II of Volume One of this report. 

POLLUTANT LOADING ANALYSIS 

In order to assess the sources and magnitude of 
nonpoint source pollution in the Milwaukee 
River drainage area, annual pollutant loadings 
to surface waters under existing and planned 
future land use conditions were estimated for 
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each of 15 subbasin groups within the planning 
area. Those subbasin groups, delineated on 
Map 15, include the same subbasin areas used 
for analysis of the storm water drainage system 
in the study area as described in Chapters II and 
III of this volume, with the subbasins combined 
into 15 groups. The subbasins were aggregated 
to simplify the analysis of pollutant loadings 
and reductions in those loadings and are aggre
gated in a manner consistent with the analysis 
areas used for the priority watershed study. 

The estimated nonpoint source pollutant load
ings for each of these subbasin groups under 
existing, 1985, and planned, 2010, land use 
conditions are set forth in Tables 81, 82, and 83. 
The loadings were estimated by using unit area 
loading rates characteristic of the specific land 
use categories expected to be present under 
existing and planned land use conditions in each 
subarea group. These loadings are consistent 
with the results of the analyses conducted by the 
Department of Natural Resources under the 
priority watershed planning program.3 Accord
ing to the adopted land use plan for the City and 
environs, urban land use in the study area may 
be expected to increase by about 70 percent over 
the 25-year planning period. The conversion of 
land from rural to urban uses may be expected 
to result in a 16 percent reduction in the annual 
sediment loading and a 10 percent reduction in 
the annual phosphorus loading. However, the 
loading of metals and other pollutants contribu
ted almost exclusively by urban sources, and 
represented in the analysis by lead, may be 
expected to increase by about 84 percent by the 
year 2010 if controls are not provided. 

Lead was used in this analysis as an indicator 
of metals and other pollutants contributed 
primarily by urban sources. It should be noted 
that lead loadings have declined and are 
expected to continue to decline in the future as 
the use of leaded gasoline is totally discontinued. 
However, loadings of other metals from urban 
sources will not be affected by this change in 
motor fuel; in the analyses lead serves as a 
surrogate for these other toxic metals. 

3The Source Loading.and Management Model is 
discussed on page 74 in Chapter IV of Volume 
One of this report. 
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Table 81 

ANNUAL TOTAL SUSPENDED SOLIDS LOADINGS TO THE MILWAUKEE RIVER DRAINAGE AREA 
UNDER EXISTING, PLANNED UNCONTROLLED, AND PRELIMINARY RECOMMENDED PLAN CONDITIONS 

Preliminary 
Existing 1985 Land Use Planned Year 2010 Land Use with No Additional Nonpoint Source Controls Recommended Plana 

Percent Percent 
Total Total Uncontrolled Change Total Total Change 
Urban Urban Percent Percent Total Urban in Total Urban Urban in Total 

Urban Urban and Rural and Rural Uncontrolled Change Urban Change and Rural Urban and Rural and Rural Urban 
Subbasin Loads Area Loads Area Urban Loads in Urban Area in Urban Loads and Rural Area Loads and Rural 
Grouping (pounds) (acres) (pounds) (acres) (pounds) Loadsb (acres) Areab (pounds) Loadsb (acres) (poundsl Loadsb 

MR-A 7,750 20.1 57,650 137.1 52,720 580 98.3 389 69,850 21 137.1 11,310 -80 

MR-B 1,570 24.4 6,690 35.8 2,130 36 35.4 45 2,160 -68 35.8 2,160 -68 

MR-O 5,590 28.4 36,760 113.6 32,750 486 105.1 270 34,350 -7 113.6 13,710 -63 

MR-T 8,520 109.0 72,210 317.0 15,770 85 177.5 63 37,040 -49 317.0 28,230 -61 

MR-R 3,340 23.7 39,650 161.7 18,120 443 136.4 476 19,270 -51 161.7 16,780 -58 

W803 55,500 296.7 269,570 1,083.0 111,930 102 663.0 123 171,370 -36 1,083.0 102,760 -62 

W804 2,270 25.1 35,600 106.2 11,540 408 93.1 271 13,160 -63 106.2 13,160 -63 

WB05 66,030 244.4 80,100 284.8 66,030 0 244.4 0 80,100 0 284.8 68,810 -14 

WB06 8,670 29.9 8,950 32.4 15,670 81 29.9 0 15,720 76 32.4 13,580 52 

WB07 87,020 275.7 187,600 706.7 152,160 75 453.8 65 157,720 -16 706.7 91,440 -51 

WB08 231,620 631.2 244,240 676.0 231,330 0 666.1 6 231,370 -5 676.0 152,800 -37 

W810 235,350 737.4 301,520 1,112.2 410,340 74 1,019.2 38 410,870 36 1,112.2 143,810 -52 

WB11 c 53,520 252.4 160,400 528.9 98,320 84 480.4 90 112,020 -30 528.9 41,370 -74 

WB13d 15,180 44.4 71,880 173.8 99,520 556 164.5 270 100,130 39 173.8 9,850 -86 

WB14e 27,220 305.0 350,830 1,030.5 150,040 451 852.3 179 151,270 -57 1,030.5 115,630 -67 

Total 809,150 3,047.8 1,923,650 6,499.7 1,468,370 81 5,219.4 71 1,606,400 -16 6,499.7 825,400 -57 

aUrban land areas and total urban and rural land areas for this condition are the same as for the planned uncontrolled condition. 

bThe percent change refers to the percent change relative to the existing loading. 

cExcludes subbasin MR48, which was included in subbasin grouping WBII under the priority watershed study. 

d'nc'udes subbasin MR48, which was included in WBII under the priority watershed study, and 20.5 acres of subbasin W15, which were included in subbasin grouping WB14 under the priority 
watershed study. 

eExcludes 20.5 acres of subbasin W15 which were included in subbasin grouping WBII under the priority watershed study. 

Source: SEWRPC. 

BASIS FOR THE SELECTION OF 
THE TARGETED LEVELS OF NONPOINT 
SOURCE POLLUTION CONTROL 

. With regard to the targeted non point source 
pollutant loading reductions, the measures 
considered were directed toward reducing the 
pollutant loadings on the basis of two separate 
planning efforts. The primary objective was to 
provide reductions in nonpoint source pollutant 
loadings to the levels set forth in the regional 
water quality management plan. That level of 
control, when combined with the recommended 
level of control of point source loadings, would 
achieve the water quality standards associated 
with the water use objectives described earlier. 
These recommendations were based upon analy
ses, including extensive in-stream water quality 
simulation modeling conducted to establish 
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needed pollutant reductions on a major sub
watershed basis, and were recommended to be 
refined by subsequent second-level, more site
specific planning programs. For the sub
watershed, including the West Bend study area, 
the recommended level of control was deter
mined to be a reduction of about 25 percent of 
the non point source loadings estimated under 
planned land use conditions. 

The water quality modeling conducted to develop 
these recommendations included simulation of 
temperature, biochemical oxygen demand, dis
solved oxygen, fecal coliforms, ammonia nitro
gen, and phosphorus. The levels of reduction 
recommended were also determined through 
simulation modeling to be consistent with the 
downstream pollution reduction levels needed to 
achieve the recommended water use objectives in 



Table 82 

ANNUAL PHOSPHORUS LOADINGS TO THE MILWAUKEE RIVER DRAINAGE AREA UNDER 
EXISTING, PLANNED UNCONTROLLED, AND PRELIMINARY RECOMMENDED PLAN CONDITIONS 

Preliminary 
Existing 1985 Land Use Planned Year 2010 Land Use with No Additional Nonpoint Source Controls RlJ'commended Plana 

" 

Percent Percent 
Total Total Uncontrolled Change Total Total Change 
Urban Urban Percent Percent Total Urban in Total Urban Urban in Total 

Urban Urban and Rural and Rural Uncontrolled Change Urban Change and Rural Urban and Rural and Rural Urban 
Subbasin Loads Area Loads Area Urban Loads in Urban Area in Urban Loads and Rural Area Loads and Rural 
Grouping (pounds) (acres) (pounds) (acres) (pounds) Loadsb (acres) Areab (pounds) Loadsb (acres) (pounds) Loadsb 

MR-A 14 20.1 109 137.1 83 493 98.3 389 115 6 137.1 59 -46 

MR-B 5 24.4 15 35.8 8 60 35.4 45 8 -47 35.8 8 -47 

MR-O 11 28.4 72 113.6 57 418 105.1 270 61 -15 113.6 39 -46 

MR-T 26 109.0 132 317.0 47 81 177.5 63 73 -45 317.0 59 -55 

MR-R 8 23.7 78 161.7 40 400 136.4 476 42 -46 161.7 38 -51 

WB03 126 296.7 540 1,083.0 289 129 663.0 123 409 -24 1,083.0 312 -42 

WB04 7 25.1 71 106.2 34 386 93.1 271 37 -48 106.2 37 -48 

WB05 142 244.4 168 284.8 142 0 244.4 0 168 0 284.8 153 -9 

WB06 17 29.9 17 32.4 29 71 29.9 0 29 71 32.4 26 53 

WB07 164 275.7 356 706.7 301 84 453.8 65 337 -5 706.7 260 -27 

WB08 546 631.2 570 676.0 562 3 666.1 6 563 -1 676.0 442 -22 

WB10 509 737.4 707 1,112.2 840 65 1,019.2 38 840 19 1,112.2 540 -24 

W811 c 113 252.4 318 528.9 255 126 480.4 90 256 -19 528.9 184 -42 

WB13d 30 44.4 138 173.8 172 473 164.5 270 173 25 173.8 85 -38 

WB149 90 305.0 604 1030.5 385 328 852.3 179 394 -35 1030.5 344 -43 

Total 1,808 3,047.8 3,895 6,499.7 3,244 79 5,219.4 71 3,505 -10 6,499.7 2,586 -34 

a Urban land areas and total urban and rural land areas for this condition are the same as for the planned uncontrolled condition. 

bThe percent change refers to the percent change relative to the existing loading. 

cExcludes subbasin MR48, which was included in subbasin grouping WBtt under the priority watershed study. 

dlncludes subbasin MR48, which was included in WB tt under the priority watershed study, and 20.5 acres of subbasin Wt5, which were included in subbasin grouping WBt4 under the priority 
watershed study. 

eExcludes 20.5 acres of subbasin Wt5 which were included in subbasin grouping WBtt under the priority watershed study. 

Source: SEWRPC. 

the downstream reaches of the Milwaukee River 
in the Milwaukee Harbor estuary.4 

In addition to the recommendations developed in 
the regional water quality management plan, 
nonpoint source pollutant reduction goals were 
established for the study area under the afore
mentioned priority watershed planning pro
gram. The latter nonpoint source pollutant 
reduction goals were established by the Wiscon
sin Department of Natural Resources staff, and 

4SEWRPC Planning Report No. 37, A Water 
Resources Management Plan for the Milwaukee 
Harbor Estuary, December 1987. 

considered primarily sediment, phosphorus, and 
lead as an indicator for metal loadings. The 
pollutant reduction goals were established on the 
basis of Department staff judgment, and consid
ered field observations, stormwater quality 
sampling, and estimates of the degree of 
improvement needed for achievement of desired 
recreation and aquatic life uses of the surface 
waters in the study area. 

The priority watershed planning program recom
mended that the total sediment, phosphorus, and 
lead loadings be reduced under planned condi
tions to about 50 percent of the existing condi
tion loads. A secondary goal of keeping urban 
nonpoint source pollutant loads at 1988 levels 
through the year 2000 was set to prevent further 
degradation where the enhancement goal cannot 
be achieved. 
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Table 83 

ANNUAL LEAD LOADINGS TO THE MILWAUKEE RIVER .DRAINAGE AREA UNDER 
EXIS"rlNG, PLANNED UNCONTROLLED, AND PRELIMINARY RECOMMENDED PLAN CONDITIONS 

Preliminary 

Existing 1985 Land Use Planned Year 2010 Land Use with No Additional Nonpoint Source Controls Recommended Plana 

Percent Percent 
Total Total Uncontrolled Change Total Total Change 
Urban Urban Percent Percent Total Urban in Total Urban Urban in Total 

Urban Urban and Rural and Rural Uncontrolled Change Urban Change and Rural Urban and Rural and Rural· Urban 
Subbasin Loads Area Loads Area Urban Loads in Urban Area in Urban Loads and Rural Area Loads and Rural 
Grouping (pounds) (acres) (pounds) (acres) (pounds) Loadsb (acres) Areab (pounds) Loadsb (acres) (pounds) Loadsb 

MR-A 19 20.1 20 137.1 131 589 98.3 389 131 555 137.1 44 120 

MR-B 2 24.4 2 35.8 3 50 35.4 45 3 50 35.8 3 50 

MR-O 14 28.4 15 113.6 92 557 105.1 270 92 513 113.6 48 220 

MR-T 15 109.0 26 317.0 21 40 177.5 63 31 19 317.0 25 -4 

MR-R 9 23.7 10 161.7 47 422 136.4 476 47 370 161.7 37 270 

WB03 101 296.7 109 1,083.0 222 120 663.0 123 227 108 1,083.0 141 29 

WB04 5 25.1 6 106.2 19 280 93.1 271 19 217 106.2 19 217 

WB05 136 244.4 137 284.8 136 0 244.4 0 137 0 284.8 106 -23 

WB06 20 29.9 20 32.4 40 100 29.9 0 40 100 32.4 32 60 

WB07 212 275.7 218 706.7 363 71 453.8 65 370 70 706.7 212 -3 

WB08 472 631.2 473 676.0 492 4 666.1 6- 492 4 676.0 354 -25 

WB10 540 737.4 548 1,112.2 941 74 1,019.2 38 942 72 1,112.2 426 -22 

WB11 c 120 252.4 ,36 528.9 246 105 480.4 90 247 82 528.9 119 -13 

WB13d 36 44.4 23 173.8 243 575 164.5 270 243 957 173.8 71 209 

WB14e 51 305.0 57 1,030.5 282 453 852.3 179 285 400 1,030.5 226 296 

Total 1,752 3,047.8 1,800 6,499.7 3,278 87 5,219.4 71 3,306 84 6,499.7 1,863 4 

8Urban land areas and total urban and rural land areas for this condition are the same 8S for the planned uncontrolled condition. 

bThe percent change refers to the percent change relative to the existing loading. 

cExcludes subbasin MR48, which was included in subbasin grouping W811 under the priority watershed study. 

d'nc'udes subbasin MR48, which was included in WBII under the priority watershed study, and 20.5 acres of subbasin W15, which were included in subbasin grouping WB14 under the priority 

watershed study. 

eExcludes 20.5 acres of subbasin W15 which were included in subbasin grouping WBII under the priority watershiJd study. 

Source: SEWRPC. 

Under the current planning process, considera
tion was given to achieving the levels of non
point source pollution control recommended 
under both planning efforts described above. 
However, experience, including that gained 
during preparation of the Silver Creek storm
water management plan as presented in Volume 
Two of this report, indicates that the levels of 
pollutant reduction recommended under the 
enhancement objective set forth in the priority 
watershed planning program are not likely to be 
practically achievable. The inability to achieve 
the recommended reductions is due to conditions 
in the watersheds which constitute physical 
constraints on the locations of control measures. 
Such constraints include limitations on the 
provision of detention in areas of existing urban 
development because open lands for the location 
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of detention ponds are generally not available 
and in developing areas because of topography 
and the need to avoid locating control measures 
within such natural resource features as certain 
woodland and wetland areas. 

PROCEDURES USED FOR SELECTION 
OF THE RECOMMENDED MEASURES 

The selection of the recommended control mea
sures considered the estimated uncontrolled 
pollutant loading for each of the 15 subbasin 
groups in the planning area. Table 84 presents 
a ranking of the subbasin groups according to 
the estimated planned uncontrolled non point 
source pollutant loadings of sediment, phospho
rus, and lead. As already noted, lead has been 
used as an indicator of, or a surrogate for, metals 



Table 84 

RANKING OF UNIT AREA LOADINGS FROM SUBBASIN GROUPS WITHIN THE MILWAUKEE RIVER DRAINAGE 
AREA: PLANNED YEAR 2010 URBAN AND RURAL LAND USE WITHOUT NON POINT SOURCE POLLUTION CONTROLS 

Unit Area 
Loading: Total 

Suspended Solids 
Subbasin (pounds per Subbasin 

Ranking Group acre per year) Group 

1 WB13 621 WB13 

2 MR-A 509 WB6 

3 WB6 485 MR-A 

4 WB10 369 WB8 

5 WB8 342 WB10 

6 MR-D 302 WB5 

7 WB5 253 MR-D 

8 WB11 224 WB11 

9 WB7 223 WB7 

10 WB14 159 WB14 

11 WB3 158 WB3 

12 WB4 124 WB4 

13 MR-R 119 MR-R 

14 MR-T 117 MR-T 

15 MR-B 60 MR-B 

Source: SEWRPC. 

from urban sources. This ranking was useful in 
targeting subbasin groups which should be 
provided with nonpoint source pollution controls 
under the recommended plan. 

The recommended water quality management 
measures were selected on the basis of required 
reductions in pollutant loadings, unit area 
pollutant loadings characteristics of the planned 
land uses in the tributary areas, cost-effec
tiveness of the measures, availability of suitable 
sites, consistence with City policies regarding 
the provision of curb and gutter drainage, and 
compatibility with needed stormwater drainage 
measures. 

The measures considered in developing nonpoint 
source pollution abatement alternatives included: 

Unit Area 
Loading: Unit Area 

Phosphorus Loading: Lead 
(pounds per Subbasin (pounds per 

acre per year) Group acre per year) 

1.03 WB13 1.53 

0.90 WB6 1.22 

0.84 MR-A 0.96 

0.83 WB10 0.85 

0.76 MR-D 0.81 

0.59 WB8 0.73 

0.54 WB7 0.52 

0.51 WB5 0.49 

0.48 WB11 0.49 

0.40 WB14 0.31 

0.38 MR-R 0.29 

0.35 WB3 0.21 

0.26 WB4 0.18 

0.23 MR-T 0.10 

0.22 MR-B 0.08 

1) wet detention basins, 2) infiltration of parking 
lot runoff, 3) increased street sweeping of indus
trial, commercial, and miscellaneous governmen
tal and institutional areas and cleaning of catch 
basins twice a year in each of those areas, and 
4) construction erosion control. The estimated 
nonpoint source pollutant removal effectiveness 
of the various measures is set forth in Table 85. 

Wet detention basins are appropriate nonpoint 
source pollution abatement measures in areas of 
future urban development because of the avail
ability of open lands in those areas and the high 
degree of pollutant removal possible through the 
use of such detention. The use of wet detention 
basins in areas of existing urban development is 
constrained by the general lack of suitable open 
space sites. The cost of providing a wet detention 
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Table 85 

NONPOINT SOURCE POLLUTANT REMOVAL EFFECTIVENESS OF VARIOUS CONTROL MEASURES 

Percent Reductions in Pollutant Loadings 

Total Total 
Control Measures Suspended Solids Phosphorus Leada 

Wet Detention Basins ........................ 90 50 70 

Construction Site Erosion Control ................ 75 75 - -
Sweeping Commercial and Industrial Streets 22 Times 

per Year plus Catch Basin Cleaning Twice a Year .... 20 20 30 

Sweeping Industrial Parking and Storage 
Areas and Adjacent Streets Weekly ............. 70 70 70 

'Infiltration of Runoff from Government Institutional 
Parking Lots and Commercial Parking Lots ......... 40 30 50 

a Lead is used as in indicator of the pollutant loadings of metals because lead loadings and the removal of lead in land 
management systems have been well characterized. 

Source: Wisconsin Department of Natural Resources and SEWRPC. 

basin in an area of intensive urban development 
may be ten times the cost of providing similar wet 
detention basin control in a developing area. 5 

Infiltration of runoff is a viable option in the 
West Bend area because of the predominance of 
well- to moderately well-drained soils, classified 
in Hydrologic Soil Groups A or B. Increased 
street sweeping was also considered a viable 
option and was expanded to include more 
intensive sweeping of industrial parking and 
storage areas as a relatively cost-effective means 
of reducing urban pollutant loads, particularly 
in areas where the provision of wet detention 
basins is not practical. 

The City of West Bend has enforced a construc
tion erosion control ordinance since May 6, 1985; 
continued enforcement of that ordinance should 
remain a key element of any nonpoint pollution 
source abatement plan. 

A preliminary evaluation was made of potential 
sites for wet detention basins and infiltration 
facilities. Sites were considered suitable for the 

5SEWRPC Technical Report No. 31, Costs of 
Urban Nonpoint Source Water Pollution Control 
Measures, June 1991. 
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location of wet detention basins if they con
tained adequate open land for the excavation of 
a basin, were located on a well-defined drainage 
system, and drained an appropriately sized area 
to generate significant pollutant loadings. Wet 
detention basins were not placed on major 
streams, where the impoundment could impede 
fish migration or alter the natural temperature 
regimen of the stream. Also, where possible, wet 
detention basins were located outside wetlands 
as identified on the Regional Planning Commis
sion land use inventory and the State of Wiscon
sin wetland inventory maps. As already noted, 
few suitable wet detention basin sites are 
available within the existing urban development 
area,s; therefore, such basins are the most 
appropriate in areas of proposed new urban 
development. Infiltration systems are limited to 
areas with adequate open land covered by 
relatively permeable soils, where the depth to 
bedrock and to the seasonally high water table 
is greater than five feet, f\nd where the land 
slopes do not exceed 5 percent. Infiltration 
systems are most feasible when the contributing 
drainage areas are less than five acres in size. 
In developed areas with limited open land 
available, infiltration trenches are usually more 
feasible than infiltration basins. 

The recommended measures were selected to 
help achieve the recommended levels of control 
at the least cost. The cost-effectiveness of 
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providing wet detention basins, infiltration 
systems, street sweeping, and construction 
erosion control measures was compared in 
Table 14 in Volume Two of this report. That 
table shows that of the three measures intended 
to provide long-term reductions of pollutant 
runoff from urban areas, as opposed to the 
temporary control afforded by construction 
erosion control measures, street sweeping is the 
most cost-effective for the removal of heavy 
metals, followed by infiltration and wet deten
tion. For sediment and phosphorus removal, 
street sweeping and wet detention are similar in 
cost-effectiveness, while infiltration is less cost
effective. Construction erosion control is highly 
cost-effective for control of sediment and phos
phorus, but not cost-effective for the removal of 
heavY metals due to the minimal contributions 
of heavY metals from construction sites. Infiltra
tion of storm water runoff from rooftops was not 
recommended because control of the low levels 
of pollutants in rooftop runoff did not justify 
the cost. 

PRELIMINARY RECOMMENDED 
WATER QUALITY MANAGEMENT PLAN 

Components and Level of Pollution Control 
of the Preliminary Recommended Plan 
The preliminary recommended water quality 
management plan element for the Milwaukee 
River drainage area, including the Wingate 
Creek subwatershed, is shown in graphic sum
mary form on Map 16. The control measures 
selected include the construction of 27 wet 
detention basins to control runoff from about 
2,188 acres, or 33 percent of the Milwaukee River 
study area; the infiltration of runoff from 
parking lots serving hospitals, miscellaneous 
governmental and institutional facilities, and 
high-density residential development in selected 
areas; the treatment of runoff from about 415 
acres of land, or 6 percent of the study area, 
through the sweeping of about 14 curb-miles of 
streets along with selected industrial parking 
and storage areas and twice-yearly catch basin 
cleaning in all areas to be swept; the use of 
natural vegetation where possible to filter 
pollutants in the runoff from the proposed West 
Bend Municipal Airport expansion; and con
tinued enforcement of the City of West Bend 
construction erosion control ordinance. The 
estimated pollutant removal effectiveness and 

costs of the preliminary recommended measures 
are summarized in Tables 81, 82, and 83 and in 
Table 86. 

The recommended 27 wet detention basins would 
have permanent ponds ranging in surface area 
from 0.25 acre to three acres and permanent 
storage volumes ranging from 1.25 acre-feet to 15 
acre-feet. The average depth of the permanent 
ponds was assumed to be five feet. On an annual 
basis, the wet basins may be expected to remove 
40 percent of the sediment, 21 percent of the 
phosphorus, and 32 percent of the heavy metals 
which would be contributed to surface waters in 
the Milwaukee River study area under planned 
land use conditions in the absence of non point 
source pollution abatement measures. 

Infiltration systems, which would probably 
consist of infiltration trenches with a pretreat
ment facility such as a grass filter strip or a 
sedimentation-flotation basin for the removal of 
oil and grease, are recommended to treat the 
stormwater runoff from about 50 percent of the 
school, hospital, and miscellaneous governmen
tal and institutional parking areas in those 
basins shown on Map 16. Infiltration facilities 
are also recommended for 7.4 acres in high
density residential use. It is estimated that the 
infiltration systems would control the runoff 
from about 29 acres of the school, hospital, and 
miscellaneous governmental and institutional 
parking lots. On an annual basis, the infiltration 
facilities may be expected to remove 1 percent of 
the sediment, 1 percent of the phosphorus, and 
1 percent of the heavY metals which would be 
contributed to surface waters in the Milwaukee 
River study area under planned land use condi
tions in the absence of non point source pollution 
abatement measures. 

An increased street sweeping program with an 
intensive street sweeping effort in spring, to 
reduce high street surface loadings prior to the 
onset of heavy spring rainstorms, and in fall, to 
reduce high loadings due to leaves and other 
vegetative debris, is recommended in the com
mercial and industrial areas shown on Map 16. 
Under the current street sweeping program 
within the City of West Bend, all streets are 
swept approximately four times per year. Leaf 
collection occurs twice during the fall. The 
preliminary recommended plan calls for the 
designated streets to be swept an additional nine 
times early in spring and nine times in fall, 
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Subbasin 
Grouping 

MR-A 

MR-B 

MR-D 

MR-R 

MR-T 

WB-3 

WB-4 

WB-5 

WB-6 

WB-7 

WB-8 

WB-l0 
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Table 86 

D~SCRIPTION, POLLUTANT REMOVAL EFFECTIVENESS, AND COST OF THE 
PRELIMINARY RECOMMENDED WATER QUALITY MANAGEMENT PLAN ELEMENT 

Estimated Percent Reduction in 
Planned (2010) Pollutant Loads 

Total 
Suspended Capital 

Plan Component Description Sediment Phosphorus Lead Costa 

1. WD9, 2.2-acres, 11.2-acre-foot wet basin ................. 3.6 1.6 2.6 $ 394,000 

Subtotal 3.6 1.6 2.6 $ 394,000 

No nonpoint source pollution control measures ..•............... -- - - -- --
1. WDlO, 1.6-acres, 8.O-acre-foot wet basin ................. 1.3 0.6 1.3 $ 185,000 

Subtotal 1.3 0.6 1.3 $ 185,000 

1. SW15, sweep 0.8 curb-mile of street ..................... 0.2 0.1 0.3 $ 400 

Subtotal 0.2 0.1 0.3 $ 400 

1. WD22, 0.31-acre, 1.6-acre-foot wet basin ................. 0.2 0.1 0.1 $ 75,000 
2. WD26, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.3 0.2 0.1 71,000 
3. WD27, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.1 , 0.1 <0.1 65,000 

Subtotal 0.6 0.4 0.2 $ 211,000 

1. WD15, 2.4-acres, 12.O-acre-foot wet basin . ............... 1.8 1.1 0.5 $ 257,000 
2. WD16, 0.25-acre, 1.25-acre-foot wet basin ................ 0.1 0.1 0.1 71,000 
3. WD17, 0.25-acre, 1.25-acre-foot wet basin ................ 0.1 0.1 0.1 71,000 
4. WD18, 0.25-acre, 1.25-acre-foot wet basin ................ 0.2 0.1 0.2 71,000 
5. WD 19, O.7-acre, 3.5-acre-foot wet basin .................. 0.8 0.5 0.4 109,000 
6. WD20, 0.25-acre, 1.25-acre-foot wet basin ................ 0.4 0.3 0.2 81,000 
7. WD21, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.2 0.1 0.1 81,000 
8. IF5, infiltrate runoff from 1.8 acres of parking lots ....•....... 0.1 0.0 0.1 22,000 
9. SWll, sweep 3.4 acres of industrial parking and storage area .... 0.6 0.3 0.7 1,700 

10. SW12, sweep 1.1 curb-miles of street .................... 0.2 0.1 0.3 500 

Subtotal 4.5 1 2.7 2.8 $ 765,200 

No non point source pollution control measures .................. -- -- -- --
1. IF7, infiltrate runoff from 3.8 acres of parking lots ............ 0.1 0.1 0.1 $ 55,000 
2. SW5, sweep 2.4 acres of industrial parking and storage area ..... 0.5 0.2 0.5 1,200 
3. SW6, sweep 1.0 curb-mile of street ...................•.. 0.2 0.1 0.4 500 

Subtotal 0.7 0.4 0.9 $ 56,700 

1. SW7, sweep 0.5 curb-mile of street ...................... 0.1 0.1 0.2 $ 300 

Subtotal 0.1 0.1 0.2 $ 300 

1. WD25, 0.68-acre, 3.4-acre-foot wet basin . ................ 1.0 0.5 0.8 $ 128,000 
2. IF8, infiltrate runoff from 7.4 acres of 

high-density residential area ........................... 0.0 0.1 0.1 74,000 
3. SW1, sweep 2.7 curb-miles of street ...........•......... 0.4 0.3 0.7 1,300 
4. SW13, sweep 16.6 acres of industrial parking and storage arell ... 2.7 1.4 3.2 8,400 

Subtotal 4.1 2.3 4.8 $ 211,700 

1. WD4, 2.6-acres, 13.0-acre-foot wet basin ................. 3.6 2.6 2.1 $ 377,000 
2. IF1, infiltrate runoff from 3.2 acres of parking lots ............ 0.1 0.1 0.2 42,000 
3. IF2, infiltrate runoff from 3.6 acres of parking lots ............ 0.1 0.1 0.1 44,000 
4. SW2, sweep 4.2 curb-miles of street . .................... 0.7 0.5 1.4 2,000 
5. SW14, sweep 0.4 curb-mile of street and 5.6 acres of 

industrial parking and storage area ....................... 0.3 0.1 0.4 3,100 

Subtotal 4.8 3.4 4.2 $ 468,100 

1. WD1, 2.5-acres, 12.4-acre-foot wet basin ................. 4.2 2.2 3.4 $ 217,000 
2. WD2, 2.5-acres, 12.6-acre-foot wet basin ................. 4.4 2.3 3.8 355,000 
3. WD3, 3.2-acres, 15.8-acre-foot wet basin ................. 5.9 2.7 5.3 644,000 
4. IF3, infiltrate runoff from 7.0 acres of parking lots ............ 0.3 0.3 0.3 76,000 
5. IF4, infiltrate runoff from 4.4 acres of parking lots ............ 0.1 0.1 0.2 59,000 
S. IF6, infiltrate runoff from 5.6 acres of parking lots ............ 0.2 0.2 0.3 51,000 
7. SW3, sweep 2.1 curb-miles of street and 44.5 acres of 

industrial parking and storage area ....................... 1.2 0.7 1.6 12,100 
8. SW4, sweep 0.4 cutb-mile of street ...................... 0.1 0.1 0.2 200 
9. SW8, sweep 0.6 curb-mile of street ...................... 0.2 0.1 0.4 300 

Subtotal 16.6 8.7 15.5 $1,414,600 

Annual 
Operation and 
Maintenance 

Cost 

$ 5,100 

$ 5,100 

--
$ 4,000 

$ 4,000 

$ 400 

$ 400 

$ 1,700 
1,500 
1,500 

$ 4,700 

$ 5,400 
1,500 
1,500 
1,500 
2,300 
1,500 
1,500 
1,200 
1,900 

600 

$ 18,900 

--
$ 2.600 

1,400 
500 

$ 4,500 

$ 300 

$ 300 

$ 2,600 

3,500 
1,400 
9,300 

$ 16,800 

$ 5,900 
2,000 
2,400 
2,300 

2,300 

$ 14,900 

$ 5,500 
5,800 
6,500 
3,300 
2,800 
2,400 

13,300 
200 
300 

$ 40,100 



Table 86 (continued) 

Estimated Percent Reduction in 
Planned (2010) Pollutant loads Annual 

Total Operation and 
Subbasin Suspended Capital Maintenance 
Grouping Plan Component Description Sediment Phosphorus lead Costa Cost 

WB-ll 1. WD5, 1.3-acres, 6.5-acre-foot wet basin .................. 2.6 1.1 2.4 $ 285,000 $ 3.400 
2. WD6, 0.64-acre, 3.2-acre-foot wet basin .................. 1.3 0.5 1.2 135,000 2,000 
3. WD24, 0,49-acre, 2.5-acre-foot wet basin ................. 0.5 0.4 0.3 150,000 1,800 
4. WD28, 0.27-acre, 1,4-acre-foot wet basin ................. 0.5 0.3 0.5 85,000 1,800 

Subtotal 4.9 2.3 4,4 $ 655,000 $ 9,000 

WB-13 1. WD7, 1.6-acres, 8.0-acre-foot wet basin .................. 3.5 1.5 3.3 $ 404,000 $ 3,900 
2. WD8, 0.83-acre, 4.1-acre-foot wet basin ................... 1.6 0.7 1.5 219,000 2,600 

Subtotal 5.1 2.2 4.8 $ 623,000 $ 6,500 

WB-14 1. WDll, 0.58-acre, 2.9-acre-foot wet basin ................. 0.6 0.4 0.3 $ 94,000 $ 1,900 
2. WD12, 0.25-acre, 1.25-acre-foot wet basin ................ 0.5 0.3 0.5 69,000 1,500 
3. WD14, 0.25-acre, 1.25-acre-foot wet basin ................ 0.2 0.1 0.2 65,000 1,500 
4. WD23, 1.13-acres, 5.6-acre-foot wet basin ................ 0.7 0.5 0.3 127,000 3,000 
5. SW9, sweep 0.1 curb-mile of street ...................... 0.1 0.1 0.3 100 100 
6. SW10, sweep 0.2 curb-mile of street ..................... 0.1 0.1 0.2 100 100 

Subtotal 2.2 1.5 1.8 $ 355,200 $ 8,100 

-- Total 48.7 26.3 43.8 $5,340,200 $133,300 

a'nc'udes land acquisition and an additional 35 percent of the construction cost to account for engineering, administration, and contingencies. Based on 
1991 Engineering News-Record Construction Cost Index of 5,015. 

Source: SEWRPC. 

along with increased cleaning of catch basins. 
Also, intensive weekly sweeping of the industrial 
parking and storage areas indicated on Map 16 
is recommended. 

The West Bend Company, which has facilities in 
subbasin group WB7, has an ongoing program 
of intensive parking lot sweeping and covering 
or berming of material storage areas. Such 
programs are also recommended, where applica
ble, for the additional industrial areas indicated 
on Map 16. 

Many industries are currently involved in the 
process of obtaining Wisconsin Pollutant Dis
charge Elimination System (WPDES) permits 
for storm water discharges from industrial facili
ties other than parking areas. Permit conditions 
will specify necessary controls for pollutants 
carried in stormwater runoff. The initiation of 
sweeping and covering of storage areas are 
appropriate pollution control measures. The 
extension of such sweeping operations to park
ing areas, while not covered under the WPDES 
permitting program, is a logical adjunct to 

storage area sweeping to reduce pollutant load
ings from areas which cannot be readily treated 
using other methods. On an annual basis, the 
increased street, parking lot, and storage area 
sweeping may be expected to remove 8 percent 
of the sediment, 4 percent of the phosphorus, 
and 11 percent of the heavy metals which would 
be contributed to surface waters in the Milwau
kee River study area under uncontrolled planned 
land use conditions. 

The City of West Bend currently has a construc
tion site erosion control ordinance which defines 
land disturbance activities subject to control, 
sets forth standards and criteria for erosion 
control, describes permit application and admin
istrative procedures, and identifies enforcement 
and appeal procedures. Under the ordinance, 
land disturbance activities covering an area of 
2,000 square feet or more require an erosion 
control plan to ensure that erosion and sedimen
tation during and after the land disturbance will 
not exceed that which would have occurred if the 
land had been left in its natural state or if the 
land was properly treated with erosion control 
measures. Construction erosion control measures 

235 



Map 16 

PRELIMINARY RECOMMENDED WATER QUALITY MANAGEMENT 
PLAN ELEMENT FOR THE MILWAUKEE RIVER DRAINAGE AREA 
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Source: SEWRPC. 
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may be expected to achieve about a 75 percent 
reduction in the total uncontrolled pollutant 
loadings from the construction sites. 

Implementation of the recommended nonpoint 
source pollution control measures would result in 
sediment loadings to the Milwaukee River under 
planned land use conditions which are 57 per
cent lower than those under existing conditions, 
phosphorus loadings which are 34 percent lower 
than under existing conditions, and heavy metal 
loadings which are 3 percent higher than under 
existing conditions. In comparison to uncon
trolled loadings under planned land use condi
tions, the recommended control measures would 
reduce sediment loadings by 49 percent, phos
phorus loadings by 26 percent, and heavy metal 
loadings by 44 percent. The sediment and phos
phorus loading reductions are a smaller percent
age of the planned land use loadings in the 
absence of nonpoint source pollution abatement 
measures than of the existing land use loadings 
because the conversion of rural to urban uses 
may be expected to produce a modest reduction 
in the uncontrolled loadings of those pollutants 
even without controls. 

Recommended Public Education Program 
In addition to the components of the preliminary 
recommended plan measures, it is also recom
mended that a public education program be 
developed to encourage good urban "housekeep
ing" practices, to promote the selection of 
building and construction materials which 
reduce the runoff contribution of metals and 
other toxic pollutants, and to promote the 
acceptance and understanding of the proposed 
pollution abatement measures and the impor
tance of water quality protection. Urban house
keeping practices and source controls include 
restricted use of fertilizers and pesticides, 
improved pet waste and litter control, reduced 
use of galvanized steel roof materials and 
gutters, proper disposal of motor vehicle fluids, 
increased leaf collection and catch basin clean
ing, and reduced use of street-deicing salt. 
Particular attention should be given to reducing 
pollutant loadings from high pollutant loading 
areas, such as industrial and commercial sites, 

. parking lots, and material storage areas. To the 
extent practicable, rooftop and parking lot 
storm water runoff should be diverted to pervious 
soil and vegetated areas, rather than being 
directly discharged to a storm sewer. Special 
spill-control or containment facilities, such as 

earthen berms, may be used to reduce the 
discharge of spilled substances such as oil and 
grease, into waterways. Material storage areas 
may be enclosed or periodically cleaned and 
diversion of stormwater away from these sites 
may further reduce pollutant loadings. The 
continuing effects of the elimination of leaded 
gasoline and increased air pollution control, 
which may be implemented on a regional or 
national level, may also be expected to reduce 
loadings of certain pollutants, including metals. 

Comparison of the Nonpoint Source Pollution 
Reductions Achieved by the Preliminary 
Recommended Plan with Those Recommended 
under the Regional Water Quality Management 
Plan and under the Priority Watershed Study 
The preliminary recommended control measures, 
if fully implemented, would reduce non point 
source pollutant loadings to the Milwaukee River 
under planned land use conditions by from 
26 percent to 49 percent, depending on the type 
of pollutant. The estimated reductions associated 
with the recommended plan are compared to the 
levels of control set forth under the adopted 
regional water quality management plan and 
under the priority watershed plan in Table 87. 
The nonpoint source· control measures recom
mended in this stormwater management plan 
may be expected to provide levels of pollutant 
removal substantially exceeding those recom
mended in the adopted regional water quality 
management plan. As already noted, that plan 
recommended that a 25 percent reduction in 
nonpoint source pollutants would be adequate to 
achieve the water use objectives and standards. 
If fully implemented, the preliminary recom
mended plan measures may be expected to 
reduce phosphorus levels by about 26 percent 
and other pollutants by almost twice the 
required level. 

Implementation of the preliminary recom
mended non point source pollution control mea
sures would result in sediment loadings to the 
Milwaukee River under planned conditions 
which are 57 percent lower than those under 
existing conditions, phosphorus loadings which 
are 34 percent lower than under existing condi
tions, and heavy metal loadings which are 
3 percent higher than under existing conditions. 
The enhancement reduction goal for sediment as 
established in the priority watershed study 
would thus be achieved. However, the enhance-
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Table 87 

REDUCTION IN NONPOINT SOURCE POLLUTANT LOADINGS 

Reductions in Nonpoint Source Pollutant 
Loadings under Planned Land Use Conditions 

Regional Water Priority Watershed Preliminary Final 
Quality Management Plan Enhancement Recommended Recommended 

Pollutant Plan (percent) Goal (percent)a Plan (percent) Plan (percent) 

Sediment ........ 25 40 49 40 

Phosphorus ...... 25 44 26 21 

Metals - -b 73 44 39 ......... 

a Under planned land use conditions, the priority watershed study surface water enhancement goal called for nonpoint 
source pollutant loadings to be reduced to 50 percent of the loadings under existing land use conditions. The percentile 
reductions listed here are referenced to planned condition loadings in the absence of nonpoint source pollution abatement 
measures. The reduction percentages for sediment and phosphorus are less than 50 percent because the conversion of 
land from rural uses under existing conditions to urban uses under planned conditions results in some reduction in loadings 
of those pollutants even without controls. The reduction percentage for metals is greater than 50 percent because metals 
loadings are increased with the conversion of land from rural to urban uses. 

b No specific analyses were conducted to establish a level of reduction for metals in the regional water quality manage
ment plan. 

Source: SEWRPC. 

ment reduction levels for phosphorus and heavy 
metals would not. The anticipated phosphorus 
reduction is substantial and an improvement in 
water quality may be expected to result from the 
proposed reduction. The phosphorus reduction 
level substantially exceeds the secondary goal 
established in the priority watershed study of 
maintaining current 1988 levels. The limitation 
on the increase in metals loading, while falling 
short of the enhancement goal and the second
ary goal of maintaining 1988 loadings, is signifi
cant, given the inherent difficulty in reducing 
loadings of heavy metals and other predomi
nantly urban pollutants when an area experien
ces significant new urban development. 

The loading reductions achieved by the prelimi
nary recommended plan are the largest which 
are practically attainable and may be expected 
to improve the overall water quality conditions 
of the Milwaukee River and its intermittent 
tributaries in the study area. Thus, the nonpoint 
source pollution control measures called for 
under the preliminary recommended plan are 
considered to be not in conflict with the regional 
water quality management plan and in substan
tial conformance with the goals of the priority 
watershed plan. 
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PRELIMINARY RECOMMENDED 
PLAN NONPOINT SOURCE POLLUTION 
CONTROL FACILITY COSTS 

As set forth in Table 86, the total capital cost of 
the preliminary recommended water quality 
management plan for the Milwaukee River 
drainage area is approximately $5,340,000, 
consisting of $4,885,000 for wet detention basins, 
$423,000 for infiltration facilities, and $32,000 
for increased street, parking lot, and storage 
area sweeping. The annual operation and main
tenance cost attendant to this plan is estimated 
at $133,300, consisting of $78,700 for wet deten
tion basins, $20,200 for infIltration facilities, and 
$34,400 for increased street, parking lot, and 
storage area sweeping. 

REFINEMENTS TO THE PRELIMINARY 
RECOMMENDED WATER QUALITY 
MANAGEMENT PLAN ELEMENT 
FOLLOWING REVIEW BY CITY STAFF 

Some refinements were made in the preliminary 
recommended water quality management plan 
for subbasin groups WB08, WB10, and WBll as 
a result of review by City staff. Those refine-



ments include: 1) the elimination of single
purpose wet detention basins WD1 and WD2 and 
dual-purpose detention basin WD5 and 2) the 
elimination of the basin WD4 permanent pond 
for water quality control. The wet detention 
basins which were eliminated were intended to 
provide control of nonpoint source pollution from 
a total of 1.2 square miles of the City. The area 
which was to be controlled is almost entirely 
developed in urban uses under existing condi
tions and includes significant areas of commer
cial and industrial development. In order to 
partially offset the loss of nonpoint source 
pollution control from the 1.2-square-mile area 
due to elimination of the wet detention basins , 
intensive weekly sweeping of commercial and 
industrial parking and/or storage lots located in 
that area is now recommended at the locations 
shown on Maps 14 and 17. The net effect of 
eliminating the originally recommended wet 
detention basins and substituting intensive 
parking lot and storage area sweeping is a net 
reduction in the amount of nonpoint source 
pollutants removed. That occurs because the 
sweeping program would have lower pollutant 
removal rates and because less land area would 
be treated under the sweeping program than with 
implementation of a detention storage approach. 

Reasons for Elimination of Preliminary 
Recommended Wet Detention Basins 
Detention Basin WD1: It was proposed to locate 
this basin in Riverview Park, along the Milwau
kee River. The location was chosen to avoid 
locating the basin in park areas with existing 
trails and athletic fields, since City staff indi
cated that such areas should generally be 
avoided as locations for detention basins. Upon 
review of the site by City staff it was found that 
the proposed basin would encroach on an aban
doned landfill site and would, therefore, be 
unacceptable. Because there is no suitable 
alternative open space site, the basin was 
eliminated from the plan. 

Detention Basin WD2: It was proposed to con
struct this basin in Ziegler Park. Because con
struction of the basin would result in the loss of 
a baseball diamond and of much of the play
ground in the park, the proposed site was rejected 
by City staff. Location of the basin on the east 
side of the Wisconsin Central Transportation 
Corporation railway embankment was consid
ered, but rejected because of wetland conflicts 
and to the location of a concrete waste disposal 

site in the vicinity. The basin was eliminated 
from the plan because of the lack of an accept
able alternative site. 

Detention Basin WD4: It was proposed to con
struct this basin on school district property west 
of Badger Middle School. The basin was 
intended to be a dual-purpose facility for both 
water quantity and water quality control. The 
permanent pond for water quality control was 
eliminated because of safety concerns related to 
the location of such a pond near a school and 
in a relatively densely developed residential 
area. The plan was, therefore, refined to call for 
water quantity control through construction of a 
dry detention basin at the WD4 site. 

Detention Basin WD5: It was proposed to con
struct this dual-purpose basin west of Schoen
haar Drive between Lang Street and Washington 
Street (STH 33). Because of the location of the 
basin on a prime parcel for future industrial 
development, the site was rejected by City staff. 
The dual-purpose detention basin was eliminated 
from the plan because of the lack of another 
open-space site. 

REVIEW OF SHORELAND ZONING 
ISSUES RELATED TO RECOMMENDED 
WET DETENTION BASIN SITES 
IN UNINCORPORATED AREAS 
OF WASHINGTON COUNTY 

. According to Section 59.971(7) of the Wisconsin 
Statutes, county shoreland and wetland zoning 
regulations remain in effect in areas which are 
annexed by a city or village after May 7, 1982. 
Chapters NR 115 and 117 of the Wisconsin 
Administrative Code define the shoreland juris
dictional zone associated with a pond, lake, or 
flowage as including the greater land area 
defined by either 1) a boundary located 1,000 feet 
from the ordinary high-water mark of the lake, 
pond, or flowage, or 2) the 100-year recurrence 
interval floodplain Ipnit. The staff of the City of 
West Bend expressed concerns regarding the 
possibility that the City would be required to 
enforce the more stringent Washington County 
shoreland zoning regulations in shoreland 
jurisdictional zones around wet detention basins 
constructed on land annexed since May 7, 1982. 
City staff stated that they would not pursue 
construction of wet detention basins which 
would have a shoreland zone requiring enforce-
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Map 17 

RECOMMENDED WATER QUALITY MANAGEMENT PLAN ELEMENT FOR THE MILWAUKEE RIVER DRAINAGE AREA 
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Table 88 

ANNUAL TOTAL SUSPENDED SOLIDS LOADINGS TO THE MILWAUKEE RIVER DRAINAGE 
AREA UNDER EXISTING, PLANNED UNCONTROLLED, AND RECOMMENDED PLAN CONDITIONS 

Existing 1985 Land Use Planned Year 2010 Land Use with No Additional Nonpoint Source Controls Recommended Plana 

Percent Percent 
Total Total Uncontrolled Change Total Total Change 
Urban Urban Percent Percent Total Urban in Total Urban Urban in Total 

Urban Urban and Rural and Rural Uncontrolled Change Urban Change and Rural Urban and Rural and Rural Urban 
Subbasin Loads Area Loads Area Urban Loads in Urban Area in Urban Loads and Rural Area Loads and Rural 
Grouping (pounds) (acres) (pounds) (acres) (pounds) Loadsb (acres) Areab (pounds) Loadsb (acres) (pounds) Loadsb 

MR-A 7,750 20.1 57,650 137.1 52,720 580 98.3 389 69,850 21 137.1 11,310 -80 

MR-8 1,570 24.4 6,690 35.8 2,130 36 35.4 45 2,160 -68 35.8 2,160 -68 

MR-O 5,590 28.4 36,760 113.6 32,750 486 105.1 270 34,350 -7 113.6 13,710 -63 

MR-T 8,520 109.0 72,210 317.0 15,770 85 177.5 63 37,040 -49 317.0 28,230 -61 

MR-R 3,340 23.7 39,650 161.7 18,120 443 136.4 476 19,270 -51 161.7 16,780 -58 

W803 55,500 296.7 269,570 1,083.0 111,930 102 663.0 123 171,370 -36 1,083.0 102,760 -62 

WB04 2,270 25.1 35,600 106.2 11,540 408 93.1 271 13,160 -63 106.2 13,160 -63 

WB05 66,030 244.4 80,100 284.8 66,030 0 244.4 0 80,100 0 284.8 68,810 -14 

WB06 8,670 29.9 8,950 32.4 15,670 81 29.9 0 15,720 76 32.4 13,580 52 

WB07 87,020 275.7 -187,600 706.7 152,160 75 453.8 65 157,720 -16 706.7 91,440 -51 

WB08 231,620 631.2 244,240 676.0 231,330 0 666.1 6 231,370 -5 676.0 197,620 -19 

WB10 235,350 737.4 301,520 1,112.2 410,340 74 1,019.2 38 410,870 36 1,112.2 216,610 -28 

WB11 c 53,520 252.4 160,400 528.9 98,320 84 480.4 90 112,020 -30 528.9 67,760 -58 

WB13d 15,180 44.4 71,880 173.8 99,520 556 164.5 270 100,130 39 173.8 9,850 -86 

WB14e 27,220 305.0 350,830 1,030.5 150,040 451 852.3 179 151,270 -57 1,030.5 115,630 -67 

Total 809,150 3,047.8 1,923,650 6,499.7 1,468,370 81 5,219.4 71 1,606,400 -16 6,499.7 969,410 -50 

aUrban land areas and total urban and rural land areas for this condition are the same as for the planned uncontrolled condition. 

bThe percent change refers to the percent change relative to the existing loading. 

cExcludes subbasin MR48, which was included in subbasin grouping WBll under the priority watershed study. 

dlncludes subbasin MR48, which was included in WB 11 under the priority watershed study, and 20.5 acres of subbasin W15, which were included in subbasin grouping WB 14 under the priority 
watershed study. 

eExcludes 20.5 acres of subbasin W15 which were included in subbasin grouping WBll under the priority watershed study. 

Source: SEWRPC. 

ment of county shoreland zoning regulations. At 
the request of the staff of the City of West Bend, 
the staff of the Wisconsin Department of N atu
ral Resources reviewed the wet detention basins 
recommended in this plan and concluded that 
the permanent ponds of the basins would be 
classified as private waters and, therefore, would 
not have an associated shoreland zone. Thus, 
the shoreland zoning issue should not be an 
impediment to the implementation of the wet 
detention basins recommended in this plan. 

RECOMMENDED WATER 
QUALITY MANAGEMENT PLAN 

Components and Level of Pollution 
Control of the Recommended Plan 
The recommended water quality management 
plan element for the Milwaukee River drainage 
area, including the Wingate Creek subwater-

shed, is shown in graphic summary form on 
Maps 14 and 17. The control measures selected 
include the construction of 23 wet detention 
basins to control runoff from about 1,437 acres, 
or 22 percent of the Milwaukee River study area; 
the infiltration of runoff from parking lots 
serving hospitals, miscellaneous governmental 
and institutional facilities, and high-density 
residential development in selected areas; the 
treatment of runoff from about 592 acres of land, 
or 9 percent of the study area, through the 
sweeping of about 14 curb-miles of streets along 
with selected industrial parking and storage 
areas; the use of natural vegetation where 
possible to filter pollutants in the runoff from the 
proposed West Bend Municipal Airport expan
sion; and continued enforcement of the City of 
West Bend construction erosion control ordi
nance. The estimated pollutant removal effec
tiveness and costs of the recommended measures 
are summarized in Tables 88, 89, 90, and 91. 
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Table 89 

ANNUAL PHOSPHORUS LOADINGS TO THE MILWAUKEE RIVER DRAINAGE AREA 
UNDER EXISTING, PLANNED UNCONTROLLED, AND RECOMMENDED PLAN CONDITIONS 

Existing 1985 Land Use Planned Year 2010 Land Use with No Additional Nonpoint Source Controls Recommended Plana 

Percent Percent 
Total Total Uncontrolled Change Total Total Change 
Urban Urban Percent Percent Total Urban in Total Urban Urban in Total 

Urban Urban and Rural and Rural Uncontrolled Change Urban Change and Rural Urban and Rural and Rural Urban 
Subbasin Loads Area Loads Area Urban Loads in Urban Area in Urban Loads and Rural Area Loads and Rural 
Grouping (pounds) (acres) (pounds) (acres) (pounds) Loadsb (acres) Areab (pounds) Loadsb (acres) (pounds) Loadsb 

MR-A 14 20.1 109 137.1 83 493 98,3 389 115 6 137.1 59 -46 

MR-B 5 24.4 15 35.8 8 60 35.4 45 8 -47 35.8 8 -47 

MR-O 11 28.4 72 113.6 57 418 105.1 270 61 -15 113.6 39 -46 

MR-T 26 109.0 132 317_0 47 81 177.5 63 73 -45 317.0 59 -55 

MR-R 8 23.7 78 161.7 40 400 136.4 476 42 -46 161.7 38 -51 

WB03 126 296.7 540 1,083.0 289 129 663.0 123 409 -24 1,083.0 312 -42 

WB04 7 25.1 71 106.2 34 386 93.1 271 37 -48 106.2 37 -48 

WB05 142 244.4 168 284.8 142 0 244.4 0 168 0 284.8 153 -9 

WB06 17 29.9 17 32.4 29 71 29.9 0 29 71 32.4 26 53 

WB07 164 275.7 356 706.7 301 84 453.8 65 337 -5 706.7 260 -27 

WB08 546 631.2 570 676.0 562 3 666.1 6 563 -1 676.0 518 -9 

WB10 509 737.4 707 1,112.2 840 65 1,019.2 38 840 19 1,112.2 624 -12 

WBll c 113 , 252.4 318 528.9 255 126 480.4 90 256 -19 528.9 207 -35 

WB13d 30 44.4 138 173.8 172 473 164.5 270 173 25 173.8 85 -38 

WB14e 90 305.0 604 1030.5 385 328 852.3 179 394 -35 1,030.5 344 -43 

Total 1,808 3,047.8 3,895 6.499.7 3,244 79 5,219.4 71 3,505 -10 6.499.7 2,769 -29 

aUrban land areas and total urban and rural land areas for this condition are the same as for the planned uncontrolled condition. 

bThe percent change refers to the percent change reiative to the existing loading. 

cExcludes subbasin MR48, which was included in subbasin grouping WBII under the priority watershed study. 

d'nc'udes subbasin MR48, which was included in WBII under the priority watershed study, and 20.5 acres of subbasin W15, which were included in subbasin grouping WB14 under the priority 
watershed study. 

eExcludes 20.5 acres of subbasin W15 which were included In subbasin grouping WBII under the priority watershed study. 

Source: SEWRPC. 

The recommended 23 wet detention basins would 
have permanent ponds ranging in surface area 
from 0.25 acre to three acres and permanent 
storage volumes ranging from 1.25 acre-feet to 15 
acre-feet; The average depth of the permanent 
ponds was assumed to be five feet. On an annual 
basis, under planned land use conditions, the 
wet basins may be expected to remove 25 percent 
of the sediment, 13 percent of the phosphorus, 
and 20 percent of the heavy metals which would 
be contributed to surface waters in the Milwau
kee River study area under planned land use 
conditions in the absence of nonpoint source 
pollution abatement measures. 

Infiltration systems, which would probably 
consist of infiltration trenches with a pretreat
ment facility such as a grass filter strip or a 
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sedimentation-flotation b!:lsin for the removal of 
oil and grease, are recommended to treat the 
stormwater runoff from about 50 percent of the 
school, hospital, and miscellaneous governmen
tal and institutional parking areas in those 
basins shown on Map 17. Infiltration facilities 
are also recommended for 7.4 acres of high
density residential use area. It is estimated that 
the infiltration systems would control the runoff 
from 29 acres of the school, hospital, and 
miscellaneous governmental and institutional 
parking lots. On an annual basis, the infiltration 
facilities may be expected to remove 1 percent of 
the sediment, 1 percent of the phosphorus, and 
1 percent of the heavy metals which would be 
contributed to surface waters in the Milwaukee 
River study area under planned land use condi
tions in the absence of nonpoint source pollution 
abatement measures. 



Table 90 

ANNUAL LEAD LOADINGS TO THE MILWAUKEE RIVER DRAINAGE AREA UNDER 
EXISTING, PLANNED UNCONTROLLED, AND RECOMMENDED PLAN CONDITIONS 

Existing 1985 land Use Planned Year 2010 land Use with No Additional Nonpoint Source Controls Recommended Plana 

Percent Percent 

Total Total Uncontrolled Change Total Total Change 
Urban Urban Percent Percent Total Urban in Total Urban Urban in Total 

Urban Urban and Rural and Rural Uncontrolled Change Urban Change and Rural Urban and Rural and Rural Urban 
Subbasin loads Area loads Area Urban loads in Urban Area in Urban loads and Rural Area loads and Rural 
Grouping (pounds) (acres) (pounds) (acres) (pounds) Loadsb (acres) Areab (pounds) loadsb (acres) (pounds) loadsb 

MR-A 19 20.1 20 137.1 131 589 98.3 389 131 555 137.1 44 120 

MR-B 2 24.4 2 35.8 3 50 35.4 45 3 50 35.8 3 50 

MR·D 14 28.4 15 113.6 92 557 105.1 270 92 513 113.6 48 220 

MR-T 15 109.0 26 317.0 21 40 177.5 63 31 19 317.0 25 ·4 

MR-R 9 23.7 10 161.7 47 422 136.4 476 47 370 161.7 37 270 

WB03 101 296.7 109 1,083.0 222 120 663.0 123 227 108 1,083.0 141 29 

WB04 5 25.1 6 106.2 19 280 93.1 271 19 217 106.2 19 217 

WB05 136 244.4 137 284.8 136 0 244.4 0 137 0 284.8 106 ·23 

W806 20 29.9 20 32.4 40 100 29.9 0 40 100 32.4 32 60 

WB07 212 275.7 218 706.7 363 71 453.8 65 370 70 706.7 212 ·3 

WB08 472 631.2 473 676.0 492 4 666.1 6 492 4 676.0 391 -17 

WB10 540 737.4 548 1,112.2 941 74 1,019.2 38 942 72 1,112.2 501 ·9 

WBll c 120 252.4 136 528.9 246 105 480.4 90 247 82 528.9 160 -18 

WB13d 36 44.4 23 173.8 243 575 164.5 270 243 957 173.8 71 209 

W814e 51 305.0 57 1,030.5 282 453 852.3 179 285 400 1,030.5 226 296 

Total 1,752 3,047.8 1,800 6,499.7 3,278 87 5,219.4 71 3,306 84 6,499.7 2,016 12 

8Urban land areas and total urban and rural land areas for this condition are the same as for the planned uncontrolled condition. 

bThe percent change refers to the percent change relative to the existing loading. 

cExcludes subbasin MR48, which was included in subbasin grouping W811 under the priority watershed study. 

d'nc'udes subbasin MR48, which was included in WBII under the priority watershed study, and 20.5 acres of subbasin W15, which were included in subbasin grouping WB14 under the priority 
watershed study. 

eExcludes 20.5 acres of subbasin W15 which were included in subbasin grouping WBI1- under the priority watershed study. 

Source: SEWRPC. 

An increased street sweeping program with an 
intensive street sweeping effort in spring, to 
reduce high street surface loadings prior to the 
onset of heavy spring rainstorms, and in fall, to 
reduce high loadings due to leaves and other 
vegetative debris, is recommended in the com
mercial and industrial areas shown on Map 17. 
Under the current street sweeping program 
within the City of West Bend, all streets are 
swept approximately four times per year. Leaf 
collection occurs twice during the fall. The 
recommended plan calls for the designated 
streets to be swept an additional nine times early 
i.h spring and nine times in fall, along with 
increased cleaning of catch basins. Also, inten
sive weekly sweeping of the industrial parking 
and storage areas indicated on Map 17 and 
covering or berming of material storage areas as 
applicable at those sites is recommended. On an 

annual basis, the increased street, parking lot, 
and storage area sweeping may be expected to 
remove 13 percent of the sediment, 7 percent of 
the phosphorus, and 18 percent of the heavy 
metals which would be contributed to surface 
waters in the Milwaukee River study area under 
uncontrolled planned land use conditions. 

The recommended continued enforcement of the 
City of West Bend construction site erosion 
control ordinance, as described in the section of 
this chapter which sets forth the preliminary 
recommended plan, may be expected to achieve 
about a 75 percent reduction in the total 
uncontrolled pollutant loadings from the con
struction sites. 

Implementation of the recommended non point 
source pollution control measures would result in 

243 



Table 91 

DESCRIPTION, POLLUTANT REMOVAL EFFECTIVENESS, AND COST 
OF THE RECOMMENDED WATER QUALITY MANAGEMENT PLAN ELEMENT 

Estimated Percent Reduction in 
Planned (2010) Pollutant loads 

Annual 
Total Operation and 

Subbasin Suspended Capital Maintenance 
Grouping Plan Component Description Sediment Phosphorus lead Costa Cost 

MR-A 1. WD9, 2.2-acres, 11.2-acre-foot wet basin . ................ 3.6 1.6 2.6 $ 394,000 $ 5,100 

Subtotal 3.6 1.6 2.6 $ 394,000 $ 5,100 

MR-B No nonpoint source pollution control measures .................. -- -- -- - - --
MR-D 1. WD10, 1.6-acres, 8.o-acre-foot wet basin ................. 1.3 0.6 1.3 $ 185,000 $ 4,000 

Subtotal 1.3 0.6 1.3 $ 185,000 $ 4,000 

MR-R 1. SW15, sweep 0.8 curb-mile of street ...................... 0.2 0.1 0.3 $ 400 $ 400 

Subtotal 0.2 0.1 0.3 $ 400 $ 400 

MR-T 1. WD22, 0.31-acre, 1.6-acre-foot wet basin . ................ 0.2 0.1 0.1 $ 75,000 $ 1,700 
2. WD26, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.3 0.2 0.1 71,000 1,500 
3. WD27, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.1 0.1 <0.1 65,000 1,500 

Subtotal 0.6 0.4 0.2 $ 211,000 $ 4,700 

WB-3 1. WD15, 2.4-acres, 12.0-acre-foot wet basin . ............... 1.8 1.1 0.5 $ 257,000 $ 5,400 
2. WD16, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.1 0.1 0.1 71,000 1,500 
3. WD17, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.1 0.1 0.1 71,000 1,500 
4. WD18, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.2 0.1 0.2 71,000 1,500 
5. WD19, 0.7-acre, 3.5-acre-foot wet basin . ................. 0.8 0.5 0.4 109,000 2,300 
6. WD20, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.4 0.3 0.2 81,000 1,500 
7. WD21, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.2 0.1 0.1 81,000 1,500 
8. IF5, infiltrate runoff from 1.8 acres of parking lots . ........... 0.1 0.0 0.1 22,000 1,200 
9. SWll, sweep 3.4 acres of industrial parking and storage area .... 0.6 0.3 0.7 1,700 1,900 

10. SW12, sweep 1.1 curb-miles of street . ................... 0.2 0.1 0.3 500 600 

Subtotal 4.5 2.7 2.8 $ 765,200 $ 18,900 

WB-4 No non point source pollution control measures ..........•....... -- -- -- -- --
WB-5 1. IF7, infiltrate runoff from 3.8 acres of parking lots ....•......• 0.1 0.1 0.1 $ 55,000 $ 2,600 

2. SW5, sweep 2.4 acres of industrial parking and storage area ....• 0.5 0.2 0.5 1,200 1,400 
3. SW6, sweep 1.0 curb-mile of street .......•..•.......•.•. 0.2 0.1 0.4 500 500 

Subtotal 0.7 0.4 0.9 $ 56,700 $ 4,500 

WB-6 1. SW7, sweep 0.5 curb-mile of street .•.......••••......... 0.1 0.1 0.2 $ 300 $ 300 

Subtotal 0.1 0.1 0.2 $ 300 $ 300 

WB-7 1. WD25, 0.68-acre, 3.4-acre-foot wet basin . ................ 1.0 0.5 0.8 $ 128,000 $ 2,600 
2. IF8, infiltrate runoff from 7.4 acres of. 

high-density residential area ........................... 0.0 0.1 0.1 74,000 3,500 
3. SW1, sweep 2.7 curb-miles of street ..................... 0.4 0.3 0.7 1,300 1,400 
4. SW13, sweep 16.6 acres of industrial parking and storage area ... 2.7 1.4 3.2 8,400 9,300 

Subtotal 4.1 2.3 4.8 $ 211,700 $ 16,800 

WB-8 1. IF1, infiltrate runoff from 3.2 acres of parking lots . ........... 0.1 0.1 0.2 $ 42,000 $ 2,000 
2. IF2, infiltrate runoff from 3.6 acres of parking lots . ........... 0.1 0.1 0.1 44,000 2,400 
3. SW2, sweep 4.2 curb-miles of street . .................... 0.7 0.5 1.4 2,000 2,300 
4. SW14, sweep 0.4 curb-mile of street and 5.6 acres of 

industrial parking and storage area ....................... 0.3 0.1 0.4 3,100 2,300 
5. SW16, sweep 4.1 acres of commercial parking lots . .......... 0.2 0.1 0.3 2,100 2,300 
6. SW17, sweep 7.5 acres of industrial parking and storage lots . .. 0.6 0.3 0.7 3,800 4,200 

Subtotal 2.0 1.2 3.1 $ 97,000 $ 15,500 

WB-l0 1. WD3, 3.2-acres, 15.8-acre-foot wet basin . ................ 5.9 2.7 5.3 $ 644,000 $ 6,500 
2. IF3, infiltrate runoff from 7.0 acres of parking lots . ........... 0.3 0.3 0.3 76,000 3,300 
3. IF4, infiltrate runoff from 4.4 acres of parking lots ............ 0.1 0.1 0.2 59,000 2,SOO 
4. IF6, infiltrate runoff from 5.6 acres of parking lots .•....•..... 0.2 0.2 0.3 51,000 2,400 
5. SW3, sweep 2.1 curb-miles of street and 44.5 acres of 

industrial parking and storage area ....................... 1.2 0.7 1.6 12,100 13,300 
6. SW4, sweep 0.4 curb-mile of street .....•......•.•....•.. 0.1 0.1 0.2 200 200 
7. SWS, sweep 0.6 curb-mile of street ......•........•...... 0.2 0.1 0.4 300 300 
S. SW1S, sweep 3S.6 acres of commercial parking lots . ......... 2.2 1.1 2.S 19,600 21,600 
9. SW19, sweep 2S.7 acres of industrial parking and storage lots ... 1.9 1.0 2.2 14,600 16,100 

Subtotal 12.1 6.3 13.3 $ 876,800 $ 66,500 
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Table 91 (continued) 

Estimated Percent Reduction in 
Planned (2010) Pollutant Loads Annual 

Total Operation and 
Subbasin Suspended Capital Maintenance 
Grouping Plan Component Description Sediment Phosphorus Lead Costa Cost 

WB-ll 1. WD6, 0.64-acre, 3.2-acre-foot wet basin . ................. 1.3 0.5 1.2 $ 135,000 $ 2,000 
2. WD24, 0.49-acre, 2.5-acre-foot wet basin ................. 0.5 0.4 0.3 150,000 1,800 
3. WD28, 0.27-acre, l.4-acre-foot wet basin ................. 0.5 0.3 0.5 85,000 1,800 
4. SW20, sweep 10.1 acres of industrial parking and storage lots . .. 0.9 0.5 1.1 5,100 5,700 

Subtotal 3.2 1.7 3.1 $ 375,100 $ 11,300 

WB-13 1. WD7, 1.6-acres, 8.0-acre-foot wet basin . ................. 3.5 1.5 3.3 $ 404,000 $ 3,900 
2. WD8, 0.83-acre, 4.1-acre-foot wet basin . ................. 1.6 0.7 1.5 219,000 2,600 

Subtotal 5.1 2.2 4.8 $ 623,000 $ 6,500 

WB-14 1. WD 11, 0.58-acre, 2.9-acre-foot wet basin ................. 0.6 0.4 0.3 $ 94,000 $ 1,900 
2. WD 12, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.5 0.3 0.5 69,000 1,500 
3. WD14, 0.25-acre, 1.25-acre-foot wet basin . ............... 0.2 0.1 0.2 65,000 1,500 
4. WD23, 1.13-acres, 5.6-acre-foot wet basin . ............... 0.7 0.5 0.3 127,000 3,000 
5. SW9, sweep 0.1 curb-mile of street ...................... 0.1 0.1 0.3 100 100 
6. SW10, sweep 0.2 curb-mile of street ..................... 0.1 0.1 0.2 100 100 

Subtotal 2.2 1.5 1.8 $ 355,200 $ 8,100 

- - Total 39.7 21.1 39.2 $4,151,400 $162,600 

a Includes land acquisition and an additional 35 percent of the construction cost to account for engineering, administration, and contingencies. Based on 
1991 Engineering News-Record Construction Cost Index of 5,015. 

Source: SEWRPC. 

sediment loadings to the Milwaukee River under 
planned land use conditions which are 50 per
cent lower than those under existing conditions; 
phosphorus loadings which are 29 percent lower 
than under existing conditions; and heavy metal 
loadings which are 12 percent higher than under 
existing conditions. In comparison to uncon
trolled loadings under planned land use condi
tions, the recommended control measures would 
reduce sediment loadings by 40 percent, phos
phorus loadings by 21 percent, and heavy metal 
loadings by 39 percent. The sediment and phos
phorus loading reductions are a lesser percent
age of the planned land use loadings . in the 
absence of nonpoint source pollution abatement 
measures than of the existing land use loadings 
because the conversion of rural to urban uses 
may be expected to produce a modest reduction 
in the uncontrolled loadings of those pollutants 
even without controls. 

Recommended Public Education Program 
In addition to the components of the recom
mended alternative plan measures, it is also 
recommended that a public education program 
be developed as described above in this chapter. 

Comparison of the Nonpoint Source 
Pollution Reductions Achieved by the 
Recommended Plan with Those Recommended 
under the Regional Water Quality Management 
Plan and under the Priority Watershed Study 
The recommended control measures, if fully 
implemented, would reduce nonpoint source 
pollutant loadings to the Milwaukee River under 
planned land use conditions by from 21 percent 
to 40 percent, depending on the type of pollutant. 
The estimated reductions associated with the 
recommended plan are compared to the levels of 
control set forth under the adopted regional 
water quality management plan, under the 
priority watershed plan, and under the prelimi
nary recommended plan in Table 87. The non
point source control measures recommended in 
this storm water management plan may be 
expected to provide a level of pollutant removal 
substantially exceeding that recommended for 
sediment and slightly less than that recom
mended for phosphorus in the adopted regional 
water quality management plan. As already 
noted, that plan recommended that about a 
25 percent reduction in nonpoint source pollu
tants would be adequate to achieve the water use 
objectives and standards. 
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Implementation of the non point source pollution 
control measures recommended herein would 
result in sediment loadings to the Milwaukee 
River under planned conditions which are 
50 percent lower than those under existing 
conditions, phosphorus loadings which are 
29 percent lower than under existing conditions, 
and heavy metal loadings which are 12 percent 
higher than under existing conditions. The 
water quality "enhancement" reduction goal for 
sediment as established in the priority water
shed study would thus be achieved. However, the 
enhancement reduction levels for phosphorus 
and heavy metals would not. The anticipated 
phosphorus reduction is substantial and an 
improvement in water quality may be expected 
to result from the proposed reduction. The 
phosphorus reduction level substantially exceeds 
the "secondary" goal established in the priority 
watershed study of maintaining current 1988 
levels. The limitation on the increase in metals 
loading, while falling short of the "enhance
ment" goal and the "secondary" goal of main
taining 1988 loadings, is significant, given the 
inherent difficulty in reducing loadings of heavy 
metals and other predominantly urban pollu
tants when an area experiences significant new 
urban development. 

The pollutant loading reductions achieved by the 
plan are the largest which are practically 
attainable under the constraints identified 
during the review of the plan by City of West 
Bend staff. The anticipated loading reductions 
following complete implementation of the recom
mended plan may be expected to improve the 
overall water quality conditions of the Milwau
kee River and its intermittent tributaries in the 
study area. Thus, the nonpoint source pollution 
control measures called for under the recom
mended plan are considered to be not in conflict 
with the regional water quality management 
plan and in substantial conformance with the 
goals of the priority watershed plan. 

RECOMMENDED PLAN 
NONPOINT SOURCE POLLUTION 
CONTROL FACILITY COSTS 

As set forth in Table 91, the total capital cost of 
the recommended water quality management 
plan for the Milwaukee River drainage area is 
approximately $4,151,000, consisting of $3,651,000 
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for wet detention basins; $423,000 for infiltration 
facilities; and $77,000 for increased street, parking 
lot, and storage area sweeping. The annual 
operation and maintenance cost attendant to this 
plan is estimated at $162,600, consisting of 
$58,100 for wet detention basins, $20,200 for 
infiltration facilities, and $84,300 for increased 
street, parking lot, and storage area sweeping. 

The recommended plan costs are based upon 
planned development of the study area. The costs 
reflect only the nonpoint source pollution abate
ment measures and do not include costs for the 
stormwater drainage plan element. Costs for the 
entire storm water management system plan, 
including those for both stormwater drainage and 
nonpoint source pollution abatement measures, 
are presented in Chapter VII of this volume, 
which deals with implementation of the plan. 
That chapter also includes an apportionment of 
costs to be borne by the City of West Bend, the 
State of Wisconsin, and by private concerns. 6 

SUMMARY 

The recommended water quality management 
plan element for the Milwaukee River drainage 
area, including the Wingate Creek subwater
shed, calls for the construction of 23 wet deten
tion basins which would control runoff from 
about 1,437 acres, or 22 percent of the Milwaukee 
River study area; the infiltration of runoff from 
parking lots serving hospitals, miscellaneous 
governmental and institutional facilities, and 
high-density residential development in selected 
areas; the abatement of pollutant runoff from 
about 592 acres of land, or 9 percent of the study 
area, through the sweeping of about 14 curb
miles of streets, cleaning of catch basins twice 
a year, and sweeping of selected industrial 
parking and storage areas; the use of buffer 
zones of natural vegetation where possible to 
filter pollutants in the runoff from the proposed 
West Bend Municipal Airport expansion; and 
continued enforcement of the City of West Bend 
construction erosion control ordinance. 

6 The final date for implementing nonpoint source 
pollution control projects in the East and West 
Branches of the Milwaukee River priority water
shed is June 1997. Such projects are eligible for 
State cost-sharing funds up to that final date. 



Implementation of the recommended nonpoint 
source pollution control measures would result in 
sediment loadings to the Milwaukee River under 
planned land use conditions which are 50 percent 
lower than those under existing conditions, 
phosphorus loadings which are 29 percent lower 
than under existing conditions, and heavy metal 
loadings which are 12 percent higher than under 
existing conditions. In comparison to uncon
trolled loadings under planned land use condi
tions, the recommended control measures would 
reduce sediment loadings by 40 percent, phospho
rus loadings by 21 percent, and heavy metal 
loadings by 39 percent. The recommended plan 
levels of control of non point source pollutants 
approximately meet or exceed the recommended 
reductions set forth in the regional water quality 
management plan. In addition, the recommended 
plan achieves the pollutant reduction goals for 
sediment as established in the priority watershed 
planning program for water quality enhance
ment. The water quality enhancement reduction 
goals for phosphorus and metals loadings set 
forth in the priority watershed program are not 
fully achieved. However, the secondary goal for 
phosphorus of maintaining 1988 loadings is 
substantially exceeded. The limitation on metals 

loading falls short of meeting either the enhance
ment or the secondary goals set forth in the 
priority watershed plan. However, the metals 
loading reduction expected is significant given 
the inherent difficulty in reducing metals load
ings below pre-development loadings in areas 
which experience significant new development. 
The nonpoint source pollution control measures 
called for under the recommended plan are 
considered to be not in conflict with the regional 
water quality management plan and in substan
tial conformance with the goals of the priority 
watershed plan. 

The total capital cost of the recommended water 
quality management plan for the Milwaukee 
River drainage area is approximately $4,151,000, 
consisting of $3,651,000 for wet detention 
basins; $423,000 for infiltration facilities; and 
$77,000 for increased street, parking lot, and 
storage area sweeping. The attendant annual 
operation and maintenance cost is estimated at 
$162,600, consisting of $58,100 for wet detention 
basins; $20,200 for infiltration facilities; and 
$84,300 for increased street, parking lot, and 
storage area sweeping. 
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Chapter V 

AUXILIARY PLAN RECOMMENDATIONS 

INTRODUCTION 

The recommendations set forth in Chapters II, 
III, and IV of this report address primarily 
storm water drainage system facilities and water 
quality management measures. To provide a 
comprehensive stormwater management plan, 
however, these recommendations must be sup
plemented by plan elements relating to natural 
resource and open space protection and to the 
continued proper maintenance of the storm water 
management system. 

Natural Resource and Open Space Preservation 
A land use plan has been prepared and adopted 
by the City that provides for the preservation of 
the primary environmental corridor lands within 
the City and environs, including associated 
floodlands and wetlands, in essentially natural, 
open uses. 1 The protection of floodlands and 
wetlands from the intrusion of urban land uses 
has important implications for storm water 
management, since these lands can provide 
needed capacity for the storage, infiltration, and 
transport of storm water runoff. 

Floodplain Map Revisions: Upon adoption of 
this system plan, the City should amend those 
portions of its floodplain zoning ordinance 
pertaining to Wingate Creek to reflect the 100-
year recurrence interval water surface profiles 
set forth in this plan for the existing channel 
and drainage system under future land use 
conditions. At that time, the City should also 

1 SEWRPC Community Assistance Planning 
Report No. 167, A Land Use Plan for the City of 
West Bend: 2010, July 1992. 

submit its proposed floodplain revisions and 
additions to the Wisconsin Department of N atu
ral Resources, requesting revision of the Flood 
Hazard Boundary Maps by the Federal Insur
ance Administration. 

Wetland Protection: Authority for the preserva
tion of wetlands exists at the local, State, and 

. Federal levels as discussed in the regulatory 
considerations section of Chapter VI of this 
volume. The proper exercise of that authority 
will result in the preservation of the stormwater 
management functions of the wetlands in the 
study area. 

Maintenance of Storm water 
Management Facilities 
The effectiveness of the stormwater conveyance 
and detention facilities, once developed, can be 
sustained only if proper operation, repair, and 
maintenance procedures are carefully followed. 
The City has a program of annual catch basin 
cleaning, outfall cleaning, inspection by televi
sion camera, storm sewer pipe cleaning, street 
sweeping four times a year, and leaf collection 
twice a year. Important additional maintenance 
activities include the periodic repair of storm 
sewers, clearing sewer obstructions, mainte
nance of open-channel vegetative lining, clear
ing debris and sediment from open channels, 
maintenance of detention facility inlets and 
outlets, maintenance of detention basin vegeta
tive cover, periodic removal of sediment accum
ulated in detention basins, and sweeping 
parking lots used as detention facilities. These 
maintenance activities are recommended to be 
carried out on a continuing basis to maximize 
the effectiveness of the stormwater management 
facilities and measures and to protect the capital 
investment in the facilities. 
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Chapter VI 

PLAN IMPLEMENTATION 

INTRODUCTION 

The recommended stormwater management 
plan described in this volume is designed to 
attain, to the maximum extent practicable, the 
stormwater management objectives and stand
ards set forth in Chapter IV of Volume One of 
this report. In a practical sense, however, the 
plan is not complete until the steps to implement 
it, that is, to convert the plan into action policies 
and programs, have been specified. Following 
formal adoption of this plan by the City of West 
Bend, realization of the plan will require a long
term commitment to the objectives of the plan 
and a high degree of coordination and coopera
tion among city officials and staff, land devel
opers; and concerned citizens in undertaking the 
substantial investments and series of actions 
needed to provide urban development in the 
West Bend area with an efficient and effective 
storm water drainage system. The plan should be 
used as a guide for the development of the 
stormwater drainage system and related storm
water management measures within the planned 
urban service area. 

The first section of this chapter describes the 
relationship of land use development and rede
velopment to the effectiveness of the planned 
storm water management measures. The second 
section discusses the importance of more 
detailed engineering to implementation of the 
plan. The third section sets forth the specific 
actions required to implement the plan. The 
fourth section summarizes the overall plan costs 
and presents an apportionment of costs between 
the City of West Bend, the State of Wisconsin, 
and the private sector. A preliminary plan 
implementation sohedule is presented in the fifth 
section. The sixth section presents regulatory 
considerations. The seventh section discusses 
the need for periodic reevaluation and updating 
of the plan itself. 

RELATION TO FUTURE 
LAND USE DEVELOPMENT 

Fundamental to implementation of a sound 
storm water management plan is coordination 
with land use development and redevelopment. 

Design year 2010 planned land use conditions 
for the stormwater management area are set 
forth in SEWRPC Community Assistance 
Planning Report No. 167, A Land Use Plan for 
the City of West Bend: 2010, July 1992. The 
estimated rates and volumes of runoff and 
non point source pollutant loadings which were 
used in the development of the alternatives set 
forth here were determined based on the recom
mended land use plan set forth in Community 
Assistance Planning Report No. 167. To a large 
extent, the effectiveness of the recommended 
storm water management measures will depend 
upon the degree to which future land use devel
opment and redevelopment and the stormwater 
management plan properly complement each 
other. 

Importantly, the stormwater management plan 
identifies those areas of the subwatershed that 
should be preserved in open, natural uses. Such 
preservation will provide major economies in 
stormwater management, maximizing the use of 
natural stormwater conveyance and storage, 
and permitting such conveyance and storage to 
be incorporated into the storm water manage
ment plan and system. If the preservation of 
these open areas is greatly compromised, storm
water management problems, such as localized 
flooding, poor drainage, and water pollution, 
may be expected to result. 

RELATION OF DETAILED ENGINEERING 
DESIGN TO SYSTEM PLANNING 

The systems level storm water management plan 
presented in this report is intended to s~rve as 
a guide to the design and constructlOn of 
stormwater management facilities. Engineering 
design should begin as the systems planning 
phase is completed. The detailed engineering 
design should examine in greater depth and 
detail the variations in the technical, economic, 
and environmental features of the recommended 
solutions to problems identified in the system 
plan in order to determine the bes~ mean~. of 
carrying out the plan. The resultmg faclhty 
development plans should be fully consistent 
with the stormwater collection, conveyance, and 
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detention facility recommendations presented in 
this report. 

Chapter IV of Volume One of this report pre
sented the engineering design criteria and 
analytic procedures used in the preparation and 
evaluation of the alternative stormwater man
agement system plans. These criteria and proce
dures, firmly based in current engineering 
practice, provided the means for quantitatively 
sizing and analyzing the performance of both 
the minor and major stormwater drainage 
system components. These criteria and proce
dures should also serve as a basis for the more 
detailed design of stormwater management 
system components in the implementation of the 
recommended plan. It is important that such 
criteria and procedures be applied uniformly and 
consistently in all phases of implementation of 
the plan if the resulting system is to perform as 
envisioned in the plan. 

Table 92 sets forth the design criteria and 
analytic procedures recommended to be followed 
in the engineering design of the recommended 
plan components. Criteria and procedures are 
presented in the table for estimating stormwater 
flows; calculating hydraulic capacities of con
veyance facilities; designing street cross-sections 
and related site grading; locating and designing 
storm sewer inlets; designing storm sewer~; 
designing roadside swales, open channels, and 
culverts; and designing storage facilities. In this 
respect, it is recognized that over time new 
design techniques may be developed and become 
available for use in the design of storm water 
management system components. Any such 
techniques should, however, be carefully 
reviewed before adoption for consistency with 
the criteria and procedures set forth in the plan. 

PLAN IMPLEMENTATION 

Plan Adoption 
An important first step in plan implementation 
is the formal adoption of the recommended 
storm water management plan, as documented 
herein, by the City of West Bend Plan Commis
sion, the Board of Public Works, and the City 
Council. In addition, the plan should be 
endorsed by the Wisconsin Department of Natu
ral Resources. 

, 

Upon such adoption, the stormwater manage
ment plan becomes the official guide for making 
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storm water management decisions by City 
officials. Such formal adoption serves to signify 
agreement with, and official support of, the 
recommendations contained in the plan, and 
enables the City staff to begin integrating the 
plan recommendations into the ongoing land use 
control, public works development planning and 
programming, and subdivision plat review 

. processes of the City. 

Implementation Procedures 
The plan can be implemented by using the 
existing City procedures for land subdivision 
plat approval, capital improvement program
ming, and public works construction, operation, 
and maintenance. Funding for capital improve
ments and operation and maintenance may be 
obtained through the property tax levy, special 
assessments, issuance of general obligation 
bonds, reserve funds, private developer contribu
tions, and grants from the State of Wisconsin. 

In reviewing subdivision plats, the City Plan 
Commission would determine the compatibility 
of the plats with the land use recommendations 
set forth in the adopted City land use plan and 
used in preparation of the stormwater manage
ment plan. Any proposed departures from those 
recommendations should be carefully considered 
in light of the stormwater management needs of 
the proposed development and the impacts on 
upstream and downstream areas. The plat review 
function can and should, under Wisconsin law, 
be exercised extraterritorially by the City. 

Capital improvements programming would be a 
particularly important tool for implementing the 
recommended storm water . management plan. 
Typically, a capital improvements program is a 
five-year program for the timing and financing of 
priority capital improvement projects. Such a 
program is based upon the projected financial 
capability of the community and is formulated 
from a detailed analysis of municipal revenues, 
debt service obligations, financing procedures, 
and external funding potentials. Once formulated, 
the program would be reevaluated, refined, and 
extended on an annual basis. Under this option, 
the City's well-developed procedure for capital 
improvement financing would incorporate the 
stormwater management plan components in a 
manner consistent with the construction priorit
ization set forth below. 

Implementation of the plan through the City 
zoning map and ordinance would be another 
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Table 92 

DESIGN CRITERIA AND PROCEDURES RECOMMENDED TO BE FOLLOWED IN DETAILED 
ENGINEERING DESIGN OF THE RECOMMENDED STORMWATER MANAGEMENT COMPONENTS 

Design 
Function Recommended Criteria and Procedures 

Storm Runoff Minor system components should be designed to accommodate flows expected from a 10-year 
Flows recurrence interval storm event. Major system components should be designed to accommodate 

flows expected from a 100-year recurrence interval storm event. To determine peak rates of flow for 
the design of pure conveyance facilities with no significant upstream storage, the Rational Method, as 
described in SEWRPC Technical Record, Vol. 2, No.4, April-May 1965, "Determination of Runoff for 
Urban Storm water Drainage System Design," or the U. S. Soil Conservation Service Method, as 
described in SCS Technical Release 55, June 1986, "Urban Hydrology for Small Watersheds," should 
be used. The rainfall intensity, duration, and frequency curves suitable for use with the Rational 
Method are provided in Figure 9 in Chapter IV of Volume One of this report. When storage is to be 
included in the facilities and estimates of runoff volumes as well as peak rates of discharge are 
required, the TR55 Method for sizing detention basins or a suitable hydrologic-hydraulic simulation 
model should be used 

Conveyance The sizes of recommended conveyance facilities are set forth in Tables 6 and 9 and on Maps 6 
Facilities and 14 of Chapters II and III of this volume. Manning's formula should be used to determine the 

hydraulic capacities of conveyance facilities where flow conditions approximate uniform conditions. 
The use of Kutter's formula is also acceptable for uniform pipe flow computations. Storm sewers 
should be designed to flow full during the design storm event. Flow velocities should not be less than 
2.5 feet per second in storm sewers. The chart set forth in Figure 17, Chapter IV of Volume One of 
this report should be used to determine the hydraulic elements of the storm sewers. Manning's "n" 
values for roadside swales should be selected using retardance levels C or D, as shown in Figure 14 
of Chapter IV of Volume One of this report. Flow velocities should not exceed six feet per second in 
turf-lined channels. Where pipe flow does not approach uniform conditions, backwater, drawdown, or 
inlet control conditions should be determined mathematically or by use of appropriate nomographs. 
Where open-channel flow does not approach uniform conditions, the U. S. Army Corps of Engineers 
HEC-2 model or another comparable model should be used to compute water surface profiles 

Street Cross- Except in areas specifically recommended to have rural cross-sections, streets should be designed with 
Sections and urban cross-sections. Typical street cross-sections are shown in Figure 2 of Chapter III of Volume 
Related Site One of this report. Slopes away from all buildings, as well as the slopes of interior drainage swales, 
Grading should be at least one-quarter inch per foot to provide positive drainage 

Storm Sewer Storm sewer inlet location and capacity should be dictated by the allowable stormwater spread 
Inlets and depth of flow in streets. Combination inlets should be used in most instances. Uncontrolled flow 

across streets should not be allowed when the streets are functioning as a part of the minor 
storm water drainage system. At locations where storm sewers function as a part of the major 
drainage system and are sized to convey design flows resulting from storms with recurrence intervals 
greater than 10 years, and at locations where a storm sewer is intended to divert a specific design 
flow to an offline detention basin, sufficient inlet hydraulic capacity should be provided to permit the 
design capacity of the storm sewer to be developed 

Culverts The length and size of recommended culverts are set forth in Tables 6 and 9 and on Maps 6 and 14 
of Chapters II and III of this volume. Culvert capacities should be determined by using appropriate 
nomographs and charts or by using the HEC-2 model or a comparable substitute where the culvert is 
a component of an open-channel system. Where appropriate, culverts should be designed to permit 
fish passage 

Storage The size and design outflows of recommended storage facilities are set forth in Tables 7 and 10 
Facilities of Chapters II and III of this volume. The effects of storage facilities on the frequency, duration, and 

magnitude of downstream flows under future conditions as compared to existing conditions should be 
carefully examined 

NOTE: For a more detailed discussion of these design criteria, see Chapter IV of this report. 

Source: SEWRPC. 
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means of ensuring that land use development 
takes place in accordance with the assumptions 
underlying the stormwater management plan. 
Unlike subdivision control, which operates on a 
plat-by-plat basis, the zoning ordinance operates 
over the entire City in advance of development 
proposals, serving to increase public acceptance 
of the plan recommendations and improving 
coordination between upstream development 
and downstream stormwater management. As in 
the case of subdivision plat review, any zoning 
changes should consider the potential impacts 
on the facilities included in the stormwater 
management plan. 

A common stormwater management problem 
facing municipalities is a lack of a continuing 
maintenance program for storm water facilities, 
including periodic inspection and routine preven
tive maintenance. This problem is caused by the 
absence of an assured, continuous source of 
funding and incomplete records to justify 
budgeting for this funding. Storm water facility 
maintenance can be easily ignored for a limited 
period of time; many officials and citizens alike 
incorrectly perceive that certain components, 
such as open channels or sewers, are self
maintaining, or that no hazards will result if 
such facilities become defective. H~wever, a 
sound, continuing, preventive maintenance 
program must be given a high priority, particu
larly for a stormwater management system 
which includes various types of components 
such as storm sewers, roadside swales, culverts, 
open channels, and detention facilities that are 
interrelated and interconnected. The City does 
have a maintenance program for drainage 
facilities. It is recommended that the public 
works program of the City continue to provide 
for the maintenance, as well as construction, of 
the storm water management facilities, including 
periodic inspection of conveyance and detention 
facilities; timely repair of facilities; cleaning of 
storm sewers, open channels, and detention 
facility inlets and outlets; maintenance of open 
channel and detention facility lining materials; 
and periodic removal of accumulated sediment 
from conveyance, detention, and sediment con
trol facilities. 

Financing 
Several means of financing stormwater manage
ment components are available to local govern
mental agencies that are not available to the 
private sector. Although these means offer 
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flexibility, certain constraints and limitations 
are imposed on these financing methods by 
State law; in some cases approval by the 
electorate required. Therefore, successful public 
financing of the recommended plan will require 
a thorough study of costs and available 
revenues, careful financial planning, public 
information programs, and a timely approach 
for securing public support and approvals. 

In addition to using such current tax revenue 
sources as property taxes, the City may make use 
of such revenue sources as reserve funds, general 
obligation bonds, private developer contribu
tions, and State grants .. Since the City has 
established the legal limit of two tax incremental 
financing districts, that means of financing 
public works projects is not currently available. 

Other than Wisconsin Department of Natural 
Resources nonpoint source pollution abatement 
program funds, State and Federal grants are 
generally not available to finance storm water 
management measures at this time. The City 
may be able to obtain financial assistance from 
the Department of Natural Resources' Wisconsin 
Fund Nonpoint Source Pollution Abatement 
Program for the construction of many of the 
components of the water quality management 

. plan element.1 It is also possible that the cost of 
certain components of the recommended storm
water drainage or flood control systems could be 
shared between the City and the Wisconsin 
Department of Transportation as a part of 

. highway and airport construction or reconstruc
tion projects. 

To provide a dependable source of funds neces
sary to meet the operation and maintenance costs 
attendant to implementation of the plan, such 
costs should be funded from the City general fund 
as part of the ongoing public works program. 

For new urban developments which contain 
recommended storm water management compo
nents to be financeq all or in part by the private 

1 The end date for implementing nonpoint source 
pollution control projects in the East and West 
Branches of the Milwaukee River priority water
shed is June 1997. Such projects can be signed 
up for State cost sharing funds up to that 
end date. 



sector, provision of the recommended facilities 
would ordinarily be a condition of plat approval 
by the City. Thus, the costs would be ultimately 
borne at least in part by the land parcel purchas
ers. Contributions of materials and services to 
the City may also be made by land developers. 

STORMWATER MANAGEMENT 
SYSTEM COSTS 

The capital costs and operation and mainte
nance costs of the recommended stormwater 
management system plan are presented in 
Table 11 of Chapter III of this volume. The 
capital cost of the recommended plan is esti
mated to be $29.54 million. The annual operation 
and maintenance cost increase of the recom
mended plan is estimated to be $224,600. Of the 
total capital cost of the recommended plan, 
about $25.39 million, or 86 percent, is for the 
storm water drainage plan element; and about 
$4.15 million, or 14 percent, is for the water. 
quality management plan element. Of the total 
annual operation and maintenance cost, about 
$62,000, or 28 percent, is for the stormwater 
drainage plan element; and about $162,600, or 
72 percent, is for the water quality management 
plan element. 

These coSts are based upon full development of 
the portion of the urban service area within the 
study area and do not include the cost of small
diameter collector sewers, roadside swale collec
tors, and road culverts that may be required to 
drain collector and land access roadways, the 
alignments of which have not as yet been 
determined, . or the cost of roadway sections in 
newly developing areas that have been desig
nated to function as a component of the major 
drainage system. The cost of minimum size 
collectors would be approximately $7,000 per 
acre of area served. 

Schedule of Public Sector 
and Private Sector Costs 
In general, the capital costs of each storm water 
management component were assumed to be 
borne by the public sector if the components 
.were designed to serve public property, or if the 
general public, not just owners of new develop
ment, would benefit from the component. Capital 
costs were assumed to be borne by the private 
sector if the primary benefit of the component 
would accrue to new development. Public sector 
and private sector expenditures are listed in 

Table 93. The following criteria were applied to 
allocate capital costs to the public sector and 
private sector: 

1. Upgrading existing drainage system com
ponents intended to resolve existing storm
water problems for more than an isolated 
area, and components designed to serve 
public property, were assumed to be funded 
by the public sector. 

2. Components, or portions of components, 
designed to served specific, new urban 
development or to solve an isolated prob
lem related to existing private urban 
development were assumed to be funded by 
the private sector. Also, components which 
would be likely to serve multiple new 
developments were assigned to the pri
vate sector. 

3. The capital costs and operation and main
tenance costs of the recommended street 
sweeping were assigned to the public sector. 

4. The capital costs and operation and main
tenance costs of sweeping of industrial and 
commercial parking lots· and storage areas 
was assigned to the private sector. 

5. The capital costs of infiltration facilities 
were assigned depending on whether the 
facilities would serve private or public land. 

Funds may be available from the State of 
Wisconsin for the installation of best manage
ment practices which meet the nonpoint source 
pollution reduction objectives set forth in the 
East and West Branches of the Milwaukee River 
Priority Watershed Study. The current p~licy of 
the Wisconsin Department of Natural Resources 
regarding the provision of funding for nonpoint 
source pollution control measures undertaken by 
local units of government provides for State 
funding of up to 70 percent of the capital cost of 
wet detention basins to serve areas of existing 
urban development. Department funding may 
also be available for up to 50 percent of the land 

. acquisition cost, up to 50 percent of the cost of 
the conveyance components required to divert 
runoff into treatment facilities, and up to 
100 percent of the design and engineering costs 
for structural best management practices which 
serve existing urban development. 
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Table 93 

RECOMMENDED APPORTIONMENT OF PUBLIC-SECTOR AND PRIVATE-SECTOR 
COSTS FOR COMPONENTS OF THE RECOMMENDED MILWAUKEE RIVER DRAINAGE AREA 

STORMWATER MANAGEMENT PLAN IN THE CITY OF WEST BEND STUDY AREA 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Stormwater Drainage Plan Element (refer to Tables 6 and 9) 

Wingate Creek Subwatershed 

Subbasin W1 B 1 -- 100 14,000 -- 14,000 100 
2 -- 100 25,000 - - 25,000 100 
3 -- 200 34,000 - - 34,000 200 
4 -- 400 135,000 -- 135,000 400 
5 -- 200 12,000 -- 12,000 200 

Subtotal -- -- 1,000 220,000 -- 220,000 1,000 

Subbasin W1 D 1 -- 600 6,000 - - 6,000 600 
2 -- 1,100 27,000 -- 27,000 1,100 
3 -- 2,700 68,000 - - 68,000 2,700 

Subtotal -- 4,400 101,000 - - 101,000 4,400 

Subbasin W2A 1 -- 100 9,000 -- 9,000 100 
2 -- 300 58,000 -- 58,000 300 
3 -- 200 120,000 - - 120,000 200 
4 -- 100 106,000 - - 106,000 100 
5 - - 100 169,000 - - 169,000 100 

Subtotal - - -- 800 462,000 - - 462,000 800 

Subbasin W2B 1 - - 100 73,000 - - 73,000 100 
2 -- 100 123,000 - - 123,000 100 
3 - - 400 43,000 - - 43,000 400 
4 -- 800 77,000 - - 77,000 800 

Subtotal - - - - 1,400 316,000 - - 316,000 1,400 

Subbasin W3A 1 1,000 100 - - - - 1,000 100 
2 5,000 200 -- - - 5,000 200 
3 72,000 2,800 -- - - 72,000 2,800 

Subtotal -- 78,000 3,100 -- -- 78,000 3,100 

Subbasin W3B 1 -- 200 53,000 - - 53,000 200 
2 -- 100 65,000 - - 65,000 100 
3 - - 600 36,000 -- 36,000 600 

Subtotal -- -- 900 154,000 -- 154,000 900 

Subbasin W4 1 77,000 300 -- - - 77,000 300 
2 39,000 0 -- -- 39,000 0 
3 180,000 -200 -- -- 180,000 -200 

Subtotal - - 296,000 100 -- - - 296,000 100 

Subbasin W7 1 34,000 100 - - - - 34,000 100 

Subtotal -- 34,000 100 - - - - 34,000 100 

Subbasin W8A 1 42,000 - - -- - - 42,000 0 

Subtotal -- 42,000 -- - - -- 42,000 0 

Subbasin W8B 1 - - 100 12,000 - - 12,000 100 
2 - - 50 9,000 -- 9,000 50 
3 - - 100 16,000 -- 16,000 100 
4 -- 100 42,000 - - 42,000 100 
5 - - 50 38,000 -- 38,000 50 
6 66,000 2,700 - - -- 66,000 2,700 

Subtotal -- 66,000 3,100 117,000 -- 183,000 3,100 

Subbasin W9A 1 - - 100 14,000 - - 14,000 100 
2 -- 200 23,000 -- 23,000 200 

Subtotal - - -- 300 37,000 -- 37,000 300 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Subbasin W9B 1 - - 100 3,000 -- 3,000 100 
2 - - 200 39,000 -- 39,000 200 
3 - - 100 36,000 - - 36,000 100 
4 -- 100 30,000 - - 30,000 100 

Subtotal - - -- 500 108,000 - - 108,000 500 

Subbasin W9D 1 9,000 100 -- -- 9,000 100 
2 38,000 100 -- -- 38,000 100 
3 81,000 100 - - - - 81,000 100 
4 74,000 -- - - - - 74,000 0 

Subtotal - - 202,000 300 -- - - 202,000 300 

Subbasin W11 1 - - 100 23,000 - - 23,000 100 
2 -- 100 26,000 - - 26,000 100 
3 - - 100 50,000 - - 50,000 100 

Subtotal - - - - 300 99,000 - - 99,000 300 

Subbasin W12 1 -- 300 19,000 - - 19,000 300 

Subtotal -- - - 300 19,000 - - 19,000 300 

Subbasin W14 1 - - 100 41,000 - - 41,000 100 
2 -- 100 58,000 -- 58,000 100 
3 -- 200 132,000 -- 132,000 200 
4 - - 3,800 93,000 -- 93,000 3,800 

Subtotal - - - - 4,200 324,000 - - 324,000 4,200 

Subbasin W1 5 1 37,000 200 - - -- 37,000 200 
2 42,000 200 -- -- 42,000 200 
3 31,000 100 - - -- 31,000 100 

Subtotal - - 110,000 500 - - -- 110,000 500 

Wingate Creek 
Subwatershed 
Subtotal -- 828,000 21,300 1,957,000 - - 2,785,000 21,300 

Milwaukee River Drainage Area outside Wingate Creek 

Hydrologic Unit A 1 -- 170 27,000 - - 27,000 170 
2 - - 300 53,000 - - 53,000 300 
3 - - 130 28,000 -- 28,000 130 
4 - - 150 34,000 -- 34,000 150 
5 - - 90 24,000 -- 24,000 90 
6 - - 70 46,000 -- 46,000 70 
7 - - 70 58,000 - - 58,000 70 

Subtotal -- - - 980 270,000 -- 270,000 980 

Hydrologic Unit B 1 39,000 330 3,000 -- 42,000 330 
2 13,000 80 - - - - 13,000 80 
3 8,000 40 - - - - 8,000 40 
4 - - 180 48,000 -- 48,000 180 
5 1,000 30 -- - - 1,000 30 
6 - - 1,100 16,000 -- 16,000 1,100 
7 - - 30 7,000 -- 7,000 30 
8 -- 20 3,000 - - 3,000 20 

Subtotal -- 61,000 1,810 77,000 - - 138,000 1,810 

Hydrologic Unit C 1 -- 310 34,000 -- 34,000 310 
2 - - 40 5,000 - - 5,000 40 
3 -- 60 9,000 -- 9,000 60 
4 9,000 20 -- -- 9,000 20 
5 - - 100 9,000 - - 9,000 100 
6 1,000 30 -- - - 1,000 30 

Subtotal -- 10,000 560 57,000 -- 67,000 560 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit 0 1 148,000 2,800 - - - - 148,000 2,800 

Subtotal - - 148,000 2,800 -- -- 148,000 2,800 

Hydrologic Unit E 1 11,000 90 - - - - 11,000 90 
2 16,000 110 -- - - 16,000 110 
3 22,000 130 -- -- 22,000 130 
4 9,000 50 - - -- 9,000 50 
5 25,000 180 16,000 - - 41,000 180 
6 - - 30 6,000 - - 6,000 30 
7 110,000 130 - - - - 110,000 130 
8 - - 70 57,000 - - 57,000 70 
9 - - 200 198,000 - - 198,000 200 

10 10,000 -- - - - - 10,000 - -
11 37,000 -- -- -- 37,000 --
12 23,000 -- -- -- 23,000 --
13 15,000 -- - - -- 15,000 --
14 78,000 - - -- -- 78,000 --
15 104,000 -- - - - - 104,000 - -
16 12,000 - - -- -- 14,000 --
17 13,000 -- -- - - 15,000 - -
18 -- 5,000 97,000 - - 97,000 5,000 
19 -- 100 8,000 - - 8,000 100 
20 59,000 -- -- -- 59,000 - -

Subtotal -- 544,000 6,090 382,000 -- 926,000 6,090 

Hydrologic Unit F 1 114,000 -- -- -- 114,000 --
2 2,000 -- - - -- 2,000 - -
3 36,000 -- -- -- 36,000 --
4 5,000 -- -- -- 5,000 - -
5 56,000 -- -- - - 56,000 --
6 38,000 -- -- - - 38,000 - -
7 37,000 -- -- -- 37,000 --
8 87,000 -70 -- -- 87,000 -70 
9 13,000 -10 -- -- 13,000 -10 

10 - - 70 12,000 -- 12,000 70 
11 52,000 -40 -- - - 52,000 -40 
12 34,000 -- -- -- 34,000 - -
13 31,000 -- - - -- 31,000 --
14 43,000 -- - - -- 43,000 --
15 11,000 -- - - -- 11,000 --
16 5,000 -- - - -- 5,000 - -
17 16,000 -- - - -- 16,000 --
18 17,000 - - - - -- 17,000 --

Subtotal - - 597,000 -50 12,000 - - 609,000 -50 

Hydrologic Unit G 1 43,000 -40 -- - - 43,000 -40 
2 22,000 -20 -- - - 22,000 -20 
3 4,000 - - -- -- 4,000 --
4 15,000 -- - - - - 15,000 --
5 34,000 - - -- -- 34,000 --
6 26,000 -- - - -- 26,000 - -
7 61,000 -- -- -- 61,000 --
8 3,000 - - -- -- 3,000 --
9 15,000 -- - - -- 15,000 --

10 7,000 - - -- - - 7,000 - -
11 34,000 -- - - -- 34,000 --
12 38,000 -- -- - - 38,000 --
13 50,000 -- - - -- 50,000 --
14 64,000 - - -- - - 64,000 --
15 10,000 -- -- - - 10,000 --

Subtotal -- 426,000 -60 -- - - 426,000 -60 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit H 1 - - 260 29,000 - - 29,000 260 
2 - - 100 16,000 - - 16,000 100 
3 - - 240 58,000 -- 58,000 240 
4 - - 730 206,000 -- 206,000 730 
5 - - 1,700 102,000 -- 102,000 1,700 
6 - - 300 26,000 -- 26,000 300 

Subtotal - - -- 3,330 437,000 - - 437,000 3,330 

Hydrologic Unit I 1 -- 150 34,000 - - 34,000 150 
2 - - 100 21,000 - - 21,000 100 
3 13,000 440 -- -- 13,000 440 
4 6,000 40 - - -- 6,000 40 

Subtotal -- 19,000 730 55,000 -- 74,000 730 

Hydrologic Unit J 1 34,000 -- -- -- 34,000 - -
2 39,000 - - -- -- 39,000 - -
3 29,000 -- - - - - 29,000 --
4 7,000 -- -- -- 7,000 - -
5 82,000 -70 -- - - 82,000 -70 
6 29,000 - - -- -- 29,000 --
7 6,000 - - -- -- 6,000 --
8 30,000 - - -- -- 30,000 --
9 28,000 -- - - -- 28,000 - -

10 4,000 -- - - -- 4,000 --
11 79,000 -60 - - -- 79,000 -60 
12 60,000 60 -- -- 60,000 60 
13 64,000 60 -- -- 64,000 60 
14 7,000 -10 -- -- 7,000 -10 
15 33,000 -20 - - -- 33,000 -20 
16 9,000 -10 - - -- 9,000 -10 
17 55,000 -30 -- -- 55,000 -30 
18 37,000 -20 -- -- 37,000 -20 
19 110,000 -60 -- -- 110,000 -60 
20 8,000 - - -- -- 8,000 - -
21 7,000 -10 -- -- 7,000 -10 
22 27,000 -30 - - - - 27,000 -30 
23 16,000 -10 - - -- 16,000 -10 

Subtotal - - 800,000 -210 - - -- 800,000 -210 

Hydrologic Unit K 1 24,000 -- -- -- 24,000 - -
2 17,000 20 -- -- 17,000 20 
3 11,000 40 - - -- 11,000 40 
4 83,000 -- -- -- 83,000 --
5 62,000 -- -- -- 62,000 --
6 23,000 - - - - - - 23,000 --
7 50,000 -- - - -- 50,000 --
8 137,000 -130 -- - - 137,000 -130 
9 39,000 - - - - - - 39,000 --

10 23,000 -- - - -- 23,000 - -
11 6,000 40 -- - - 6,000 40 
12 24,000 -- - - - - 24,000 --
13 134,000 - - - - - - 134,000 - -
14 61,000 -- -- -- 61,000 --
15 35,000 -- -- -- 35,000 --
16 83,000 - - -- -- 83,000 - -
17 38,000 - - -- -- 38,000 - -
18 5,000 -100 - - - - 5,000 -100 
21 45,000 40 - - -- 45,000 -40 
22 125,000 -- - - -- 125,000 --
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit K 19 77,000 -- -- - - 77,000 --
(continued) 20 39,000 -- -- -- 39,000 - -

23 59,000 - - -- - - 59,000 - -
24 152,000 -110 -- -- 152,000 -110 
25 198,000 -170 -- -- 198,000 -170 
26 34,000 -- - - - - 34,000 --
27 69,000 -40 -- - - 69,000 -40 
28 457,000 - - - - -- 457,000 --
29 104,000 -- -- -- 104,000 --
30 110,000 -80 - - -- 110,000 -80 
31 29,000 -20 - - -- 29,000 -20 
32 60,000 -- -- -- 60,000 ,- -
33 171,000 -- -- -- 171,000 --
34 41,000 - - -- -- 41,000 --
35 255,000 -90 -- -- 255,000 -90 
36 63,000 - - -- -- 63,000 --
37 60,000 -- - - - - 60,000 - -
38 35,000 -- -- - - 35,000 --
39 27,000 -30 -- - - 27,000 -30 
40 218,000 -- -- -- 218,000 --
41 16,000 -10 -- - - 16,000 -10 
42 17,000 -- -- -- 17,000 - -
43 29,000 -- - - - - 29,000 --
44 112,000 1,400 -- -- 112,000 1,400 
45 277,000 1,700 -- -- 277,000 1,700 
46 279,000 1,900 - - - - 279,000 1,900 

Subtotal - - 4,013,000 4,280 - - - - 4,013,000 4,280 

Hydrologic Unit L 1 48,000 0 - - -- 4~,000 0 
2 148,000 -130 -- -- 148,000 -130 
3 98,000 0 - - -- 98,000 0 
4 205,000 0 - - -- 205,000 0 
5 126,000 0 - - -- 126,000 0 
6 202,000 0 - - -- 202,000 0 
7 247,000 0 - - - - 247,000 0 
8 139,000 0 - - -- 139,000 0 
9 14,000 0 - - -- 14,000 0 

10 102,000 0 - - -- 102,000 0 
11 98,000 0 - - -- 98,000 0 
12 78,000 0 - - -- 78,000 0 
13 59,000 0 - - -- 59,000 0 
14 206,000 -200 -- -- 206,000 -200 
15 56,000 -50 -- - - 56,000 -50 
16 93,000 -70 - - -- 93,000 -70 
17 16,000 -10 

, -- 16,000 -10 --
18 655,000 360 -- -- 655,000 360 
19 8,000 -- -- -- 8,000 - -
20 67,000 -60 - - -- 67,000 -60 
21 139,000 -100 - - -- 139,000 -100 
22 99,000 -- -- - - 99,000 --
23 39,000 - - -- -- 39,000 --
24 51,000 - - -- - - 51,000 --
25 319,000 -- - - - - 319,000 --
26 94,000 - - -- - - 94,000 - -
27 191,000 -- -- -- 191,000 --
28 1,102,000 470 -- - - 1,102,000 470 
29 301,000 110 - - -- 301,000 110 

Subtotal -- 5,000,000 320 -- -- 5,000,000 320 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit M 1 20,000 - - - - - - 20,000 - -
2 45,000 - - - - - - 45,000 - -
3 65,000 -- - - -- 65,000 - -
4 102,000 - - -- -- 102,000 - -
5 68,000 - - - - - - 68,000 - -
6 87,000 - - -- -- 87,000 - -
7 91,000 -70 - - - - 91,000 -70 
8 82,000 - - - - -- 82,000 - -
9 224,000 - - - - - - 224,000 - -

10 78,000 - - - - - - 78,000 - -
11 219,000 2,000 -- -- 219,000 2,000 

Subtotal - - 1,081,000 1,930 -- - - 1,081,000 1,930 

Hydrologic Unit N 1 -- 190 30,000 - - 30,000 190 
2 - - 230 47,000 - - 47,000 230 
3 - - 690 180,000 - - 180,000 690 
4 - - 320 267,000 -- 267,000 320 
5 65,000 60 - - - - 65,000 60 
6 - - 250 294,000 -- 294,000 250 
7 - - 150 207,000 - - 207,000 150 
8 202,000 150 - - - - 202,000 150 
9 263,000 100 -- -- 263,000 100 

10 102,000 0 - - -- 102,000 ° 11 35,000 100 - - - - 35,000 100 
12 22,000 170 -- - - 22,000 170 
13 32,000 150 -- -- 32,000 150 
14 41,000 180 . - -- 41,000 180 
15 89,000 130 - - -- 89,000 130 
16 15,000 10 - - - - 15,000 10 
17 20,000 100 - - - - 20,000 100 

Subtotal - - 886,000 2,980 1,025,000 -- 1,911,000 2,980 

Hydrologic Unit 0 1 75,000 500 - - - - 75,000 500 
2 23,000 370 -- -- 23,000 370 
3 63,000 900 - - - - 63,000 900 

Subtotal - - 161,000 1,770 - - -- 161,000 1,770 

Hydrologic Unit P 1 8,000 -- - - - - 8,000 - -
2 110,000 - - -- -- 110,000 - -
3 85,000 -- - - - - 85,000 - -

Subtotal - - 203,000 - - -- -- 203,000 --
Hydrologic Unit Q 1 125,000 - - - - - - 125,000 - -

2 91,000 0 - - - - 91,000 - -
3 60,000 ° - - -- 60,000 - -
4 60,000 ° - - - - 60,000 - -
5 45,000 ° - - - - 45,000 - -
6 - - 1,400 75,000 - - 75,000 1,400 

Subtotal - - 381,000 1,400 75,000 -- 456,000 1,400 

Hydrologic Unit R 1 -- 20 29,000 -- 29,000 220 
2 - - 50 23,000 - - 23,000 150 
3 - - 20 56,000 - - 56,000 320 
4 - - 80 208,000 - - 208,000 280 
5 - - 70 108,000 - - 108,000 470 
6 - - 90 61,000 - - 61,000 90 
7 - - 150 119,000 - - 119,000 150 
8 70,000 380 - - -- 70,000 380 
9 4,000 20 - - -- 4,000 20 

10 9,000 40 - - - - 9,000 40 
11 3,000 20 - - - - 3,000 20 

Subtotal - - 86,000 2,140 604,000 - - 690,000 2,140 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit S 1 97,000 -100 -- - - 97,000 -100 
2 70,000 -70 -- - - 70,000 -70 
3 73,000 -- - - - - 73,000 --
4 26,000 -- -- -- 26,000 - -
5 13,000 -- -- - - 13,000 - -
6 60,000 -50 -- -- 60,000 -50 
7 21,000 -20 -- -- 21,000 -20 

Subtotal -- 360,000 -240 -- -- 360,000 -240 

Hydrologic Unit T 1 12,000 210 11,OqO -- 23,000 210 
2 191,000 560 40,000 -- 231,000 560 
3 6,000 150 42,000 -- 48,000 150 
4 29,000 160 -- -- 29,000 160 

.5 19,000 660 129,000 - - 148,000 660 
6 35,000 520 85,000 -- 120,000 520 
7 38,000 230 24,000 - - 62,000 230 
8 11,000 20 - - -- 11,000 20 
9 45,000 70 - - -- 45,000 70 

10 31,000 430 -- -- 31,000 430 
11 4,000 -- -- - - 4,000 - -
12 -- 250 19,000 -- 19,000 250 

Subtotal -- 421,000 3,260 350,000 -- 771,000 3,260 

Hydrologic Unit Z 1 18,000 100 -- - - 18,000 100 
2 9,000 60 -- - - 9,000 60 
3 6,000 20 -- -- 6,000 20 

Subtotal -- 33,000 180 -- -- 33,000 180 

Hydrologic Unit AB 1 13,000 - - -- -- 13,000 --
2 7,000 -- -- -- 7,000 --
3 39,000 -- -- -- 39,000 --
4 3,000 - - - - -- 3,000 --

Subtotal - - 62,000 -- -- -- 62,000 0 

Hydrologic Unit AE 1 41,000 - - -- -- 41,000 0 
2 49,000 -- - - -- 49,000 0 
3 35,000 -- -- -- 35,000 0 
4 88,000 -- -- -- 88,000 0 
5 1,000 100 -- -- 1,000 100 

Subtotal -- 214,000 100 -- - - 214,000 100 

Hydrologic Unit AF 1 9,000 -- - - -- 9,000 --
2 47,000 - - -- - - 47,000 -20 
3 18,000 -20 - - - - 18,000 30 
4 ·5,000 20 -- -- 5,000 20 
5 32,000 10 - - - - 32,000 10 
6 13,000 30 - - -- 13,000 --
7 17,000 - - - - - - 17,000 - -
8 34,000 -- -- -- 34,000 --
9 3,000 20 - - -- 3,000 20 

10 5,000 40 - - -- 5,000 40 
11 10,000 50 - - - - 10,000 50 
12 4,000 30 - - -- 4,000 30 
13 4,000 20 -- -- 4,000 20 
14 60,000 - - -- -- 60,000 - -

Subtotal -- 261,000 200 - - - . 261,000 200 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit AH 1 13,000 - - -- - - 13,000 - -
2 41,000 -- - - - - 41,000 - -
3 13,000 -- - - - - 13,000 - -
4 38,000 - - -- -- 38,000 - -
5 71,000 -60 - - - - 71,000 -60 

Subtotal -- 176,000 -60 - - - - 176,000 -60 

Hydrologic Unit AI 1 31,000 - - -- -- 31,000 - -
2 16,000 -- -- -- 16,000 - -
3 25,000 - - - - -- 25,000 - -
4 37,000 - - -- - - 37,000 --
5 7,000 -- -- -- 7,000 - -
6 5,000 - - - - - - 5,000 --
7 4,000 -- -- -- 4,000 - -
8 43,000 - - -- -- 43,000 --
9 43,000 -- - - - - 43,000 - -

Subtotal - - 211,000 - - - - - - 211,000 - -
Hydrologic Unit AJ 1 42,000 -- -- -- 42,000 --

2 46,000 - - - - - - 46,000 - -
3 47,000 -- - - -- 47,000 - -
4 14,000 -- -- - - 14,000 - -

Subtotal -- 149,000 -- -- -- 149,000 - -

Hydrologic Unit AK 1 53,000 -- -- -- 53,000 - -
Subtotal -- 53,000 -- -- -- 53,000 - -

Hydrologic Unit AL 1 25,000 -- -- -- 25,000 --
2 50,000 -- -- -- 50,000 --
3 34,000 -- -- -- 34,000 - -
4 4,000 -- -- -- 4,000 - -
5 74,000 - - - - - - 74,000 - -
6 24,000 -- - - - - 24,000 --
7 26,000 -- -- -- 26,000 --

Subtotal - - 237,000 - - -- - - 237,000 - -

Hydrologic Unit AM 1 2,000 - - -- - - 2,000 - -
2 7,000 -- -- - - 7,000 - -
3 42,000 -- -- - - 42,000 --
4 68,000 -- -- - - 68,000 --
5 125,000 - - - - - - 125,000 --
6 50,000 - - - - - - 50,000 - -
7 33,000 -30 - - - - 33,000 -30 

Subtotal - - 327,000 -30 - - -- 327,000 -30 

Hydrologic Unit AP 1 62,000 -- - - -- 62,000 - -
2 34,000 -- -- -- 34,000 - -
3 16,000 -- -- -- 16,000 - -

Subtotal - - 112,000 - - - - - - 112,000 --
Hydrologic Unit AQ 1 176,000 - - - - -- 176,000 - -

2 36,000 150 - - -- 36,000 150 

Subtotal - - 212,000 150 - - -- 212,000 150 

Hydrologic Unit AS 1 23,000 350 - - - - 23,000 350 
2 10,000 - - - - -- 10,000 - -
3 7,000 - - - - - - 7,000 - -

Subtotal - - 40,000 350 - - -- 40,000 350 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Hydrologic Unit AU 1 1,000 - - -- - - 1,000 - -
2 27,000 -- - - -- 27,000 - -
3 4,000 - - -- - - 4,000 - -
4 27,000 -- -- -- 27,000 --
5 39,000 -- -- -- 39,000 --
6 2,000 - - - - -- 2,000 --
7 4',000 -- - - -- 4,000 - -
8 1,000 - - -- -- 1,000 - -
9 51,000 - - -- -- 51,000 - -

10 16,000 - - -- - - 16,000 --
11 45,000 - - - - -- 45,000 --
12 50,000 - - -- -- 50,000 - -
13 35,000 -30 - - - - 35,000 -30 
14 13,000 -10 -- - - 13,000 -10 
15 64,000 -- -- -- 64,000 --
16 3,000 - - - - - - 3,000 --
17 21,000 -- - - -- 21,000 --
18 86,000 -- - - -- 86,000 --

Subtotal - - 489,000 -40 - - -- 489,000 -40 

Hydrologic Unit AY 1 25,000 270 8,000 - - 33,000 270 
2 56,000 490 20,000 -- 76,000 490 
3 19,000 450 57,000 - - 76,000 450 
4 - - 170 29,000 -- 29,000 170 
5 - - 10 3,000 - - 3,000 10 
6 - - 100 34,000 - - 34,000 100 
7 37,000 230 34,000 - - 71,000 230 
8 63,000 60 -- - - 63,000 60 
9 500 30 - - - - 500 30 

10 400 50 -- - - 400 50 

Subtotal - - 200,900 1,860 185,000 - - 385,900 1,860 

Hydrologic Unit AZ 1 -- 100 3,000 -- 3,000 100 

Subtotal - - - - 100 3,000 -- 3,000 100 

Hydrologic Unit BC 1 -- 80 9,000 -- 9,000 80 
2 - - 150 23,000 -- 23,000 150 
3 - - 140 30,000 - - 30,000 140 
4 - - 350 88,000 - - 88,000 350 
5 - - 110 75,000 - - 75,000 110 
6 - - 100 84,000 - - 84,000 100 
7 - - 30 4,000 -- 4,000 30 
8 - - 50 6,000 -- 6,000 50 

Subtotal - - -- 1,010 319,000 - - 319,000 1,010 

Hydrologic Unit BE 1 - - 280 60,000 -- 60,000 280 
2 - - 90 21,000 -- 21,000 90 
3 - - 320 86,000 -- 86,000 320 
4 - - 60 39,000 - - 39,000 60 
5 - - 80 84,000 - - 84,000 80 
6 - - 70 67,000 - - 67,000 70 
7 - - 80 81,000 - - 81,000 80 
8 - - 230 266,000 - - 266,000 230 
9 - - 1,800 73,000 -- 73,000 1,800 

Subtotal - - -- 3,010 777,000 -- 777,000 3,010 

Milwaukee River 
Drainage Area 
outside Wingate 
Creek Subtotal - - 17,973,900 40,650 4,628,000 -- 22,601,900 40,650 

Stormwater Drainage 
Subtotal - - 18,801,900 61,950 6,585,000 -- 25,386,900 61,950 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Water Quality Management Plan Element (refer to Table 87) 

Hydrologic Unit A 1 - - 5,100 394,000 - - 394,000 5,100 

Subtotal - - -- 5,100 394,000 -- 394,000 5,100 

Hydrologic Unit D 1 - - 4,000 185,000 - - 185,000 4,000 

Subtotal - - - - 4,000 185,000 - - 185,000 4,000 

Hydrologic Unit R 1 400 400 -- - - 400 400 

Subtotal - - 400 400 - - - - 400 400 

Hydrologic Unit T 1 -- 1,700 75,000 -- 75,000 1,700 
2 - - 1,500 71,000 - - 71,000 1,500 
3 - - 1,500 65,000 -- 65,000 1,500 

Subtotal - - - - 4,700 211,000 -- 211,000 4,700 

Subbasin WB3 1 103,000 5AOO 154,000 - - 257,000 5AOO 
2 -- 1,500 71,000 -- 71,000 1,500 
3 - - 1,500 71,000 -- 71,000 1,500 
4 - - 1,500 71,000 -- 71,000 1,500 
5 17,000 2,300 92,000 - - 109,000 2,300 
6 - - 1,500 81,000 -- 81,000 1,500 
7 - - 1,500 81,000 - - 81,000 1,500 
8 - - 1,200 22,000 - - 22,000 1,200 
9 - - -- 1,700 1,900 1,700 1,900 

10 500 600 -- -- 500 600 

Subtotal - - 120,500 17,000 644,700 1,900 765,200 18,900 

Subbasin WB5 1 19,000 2,600 36,000 - - 55,000 2,600 
2 - - - - 1,200 lAOO 1,200 lAOO 
3 500 500 -- -- 500 500 

Subtotal - - 19,500 3,100 37,200 lAOO 56,700 4,500 

Subbasin WB6 1 300 300 -- -- 300 300 

Subtotal - - 300 300 -- -- 300 300 

Subbasin WB7 1 - - 2,600 128,000 - - 128,000 2,600 
2 - - 3,500 74,000 -- 74,000 3,500 
3 1,300 lAOO - - -- 1,300 lAOO 
4 -- -- 8AOO 9,300 8AOO 9,300 

Subtotal - - 1,300 7,500 210AOO 9,300 211,700 16,800 

Subbasin WB8 1 29AOO 2,000 12,600 - - 42,000 2,000 
2 30,800 2AOO 13,200 -- 44,000 2AOO 
3 2,000 2,300 - - - - 2,000 2,300 
4 300 200 2,800 2,100 3,100 2,300 
5 - - -- 2,100 2,300 2,100 2,300 
6 - - - - 3,800 4,200 3,800 4,200 

Subtotal - - 62,500 6,900 34,500 8,600 97,000 15,500 

Subbasin WB 1O 1 - - 6,500 644,000 -- 644,000 6,500 
2 53,200 3,300 22,800 -- 76,000 3,300 
3 31,000 2,800 28,000 - - 59,000 2,800 
4 19,600 2AOO 31AOO -- 51,000 2AOO 
5 1,600 1,700 10,500 11,600 12,100 13,300 
6 200 200 -- -- 200 200 
7 300 300 - - - - 300 300 
8 - - - - 19,600 21,600 19,600 21,600 
9 - - -- 14,600 16,100 14,600 16,100 

Subtotal - - 105,900 17,200 770,900 49,300 876,800 66,500 
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Table 93 (continued) 

Public-Sector Costs (dollars) Private-Sector Costs (dollars) Total Costs (dollars) 

Hydrologic Annual Annual Annual 
Unit Designation Component Operation and Operation and Operation and 

or Subbasin Grouping Designation Capitala Maintenance Capitala Maintenance Capital Maintenance 

Subbasin WB 11 1 135,000 2,000 -- - - 135,000 2,000 
2 -- 1,800 150,000 -- 150,000 1,800 
3 85,000 1,800 -- -- 85,000 1,800 
4 -- - - 5,100 5,700 5,100 5,700 

Subtotal -- 220,000 5,600 155,100 5,700 375,100 11,300 

Subbasin WB 1 3 1 121,000 3,900 283,000 -- 404,000 3,900 
2 - - 2,600 219,000 - - 219,000 2,600 

Subtotal -- 121,000 6,500 502,000 -- 623,000 6,500 

Subbasin WB14 1 -- 1,900 94,000 -- 94,000 1,900 
2 - - 1,500 69,000 -- 69,000 1,500 
3 -- 1,500 65,000 -- 65,000 1,500 
4 -- 3,000 127,000 - - 127,000 3,000 
5 100 100 - - - - 100 100 
6 100 100 -- -- 100 100 

Subtotal -- 200 8,100 355,000 - - 355,200 8,100 

Water Quality Subtotal - - 651,600 86,400 3,499,800 76,200 4,151,400 162,600 

Total - - 19,453,500 148,350 10,084,800 76,200 29,538,300 224,550 

a Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News-Record Construction Cost 
Index = 5,015. 

Source: SEWRPC. 

Chapter NR 120 of the Wisconsin Administrative 
Code, which details the administrative procedures 
of the State nonpoint source water pollution 
abatement program, forbids provision of State 
funds for stormwater management practices to 
serve new urban development and for construc
tion site erosion control measures. However, State 
funds may be available to pay the entire cost of 
local staff to enforce a construction erosion 
control ordinance over a maximum period of five 
years. State funds may also be provided for 
accelerated street sweeping above the current 
levels practiced by the City. The funds would 
cover the costs of accelerated sweeping, for a five
year period, after which the City would be 
required to maintain the accelerated sweeping 
schedule for 10 years. Tables 94 and 95 provide 
possible allocations of costs between the City, the 
State, and the private sector on the basis of 
current State cost-sharing policy .. 

The East and West Branches of the Milwaukee 
River Priority Watershed Study was completed 
by the Wisconsin Department of Natural Resour
ces in 1989. In order for urban best management 
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practice to be eligible for State funds provided 
under the Wisconsin Fund N onpoint Source 
Pollution Abatement Program, funds must be 
applied for by June 1997. In addition to funds 
provided by the Wisconsin Department of Natu
ral Resources, it is also possible that the cost of 
certain recommended components of the storm
water drainage system may be shared between 
the City and the Wisconsin Department of 
Transportation as a part of future highway 
construction or reconstruction projects. Because 
the division of costs for such measures is 
presently unknown, this plan assigns all such 
costs to the City. 

All operation and maintenance costs, except 
those for sweeping of industrial and commercial 
parking lot and storage areas, were assumed to 
be financed by the public sector regardless of 
whether public sector or private sector funds 
were used to construct the facilities. It may be 
desirable for the operation and maintenance 
costs of some stormwater drainage and some 
additional non point source pollution control 
measures to be borne by the private sector, 



depending on the specific nature of individual 
projects. If operation and maintenance costs for 
a specific project are financed by the private 
sector, it would be necessary for the City and the 
party responsible for operation and maintenance 
to execute a legal agreement which details both 
the responsibility of the private party for provid
ing operation and maintenance and the degree 
of maintenance to be provided. Those storm
water management facilities which are con
structed with private funds, but maintained by 
the City, would be dedicated to the City follow
ing construction. 

PRELIMINARY PLAN SCHEDULE 
FOR IMPLEMENTATION 

Prioritization of Capital Improvements 
A preliminary prioritization of the recommended 
capital improvements is given in Table 96. This 
prioritization is provided to identify those 
projects that should be implemented to alleviate 
the most pressing stormwater management 
problems and to identify a necessary sequence 
for implementation of certain interdependent 
components of the total system. For this prior
itization, a project is defined as a set of storm
water management components that should be 
constructed in concert in order for the set to 
function properly by itself and within the 
context of the larger total system of which it is 
a part. In some instances, several relatively 
small sewer replacement projects in the same 
localized area were grouped together as one 
larger project for the purposes of prioritization. 
An economy-of-scale may be possible by con
structing several small projects in the same area 
at the same time. 

The projects are classified as high-, intermedi
ate-, or low-priority projects. The high-priority 
projects are those that address significant 
existing problems or those that are required to 
serve new development that is actually occur
ring. The intermediate-priority projects are those 
required to serve new development anticipated in 
the near future on the basis of development 
proposals which have been submitted to the City 
and on plans for the extension of sanitary sewer 
service. The low-priority projects are those 
required to serve and promote development in 
the more distant future. The storm frequency for 
which certain projects are to be designed and the 
consequences of exceeding the capacity of the 

existing stormwater management system were 
also considered in the prioritization. 

The sequence in which projects are actually 
implemented and the time at which they are 
implemented will ultimately depend on a number 
of factors not related solely to stormwater 
management considerations. Such factors 
include budgetary constraints, the need to 
implement other projects in the City's capital 
improvements program, and variations in future 
development patterns as determined by the 
urban land market. As a result, some inter
mediate-priority projects may actually be con
structed before some high-priority projects. 
However, where a specific implementation 
sequence for a series of components comprising 
a unified storm water management project is 
required, that sequence should be followed to 
ensure the proper functioning of the system. 

Identification of Critical 
Implementation Sequences 
This section identifies projects for which the 
implementation sequence of the project compo
nents is critical. The project numbers are those 
assigned in Table 96. 

In general, projects which call for upgrading the 
existing stormwater conveyance system should 
proceed from downstream to upstream to insure 
that the downstream portions of the system are 
not overloaded when the hydraulic capacities of 
the upstream portions are increased. When a 
detention facility for water quantity control is to 
be constructed downstream of new or improved 
conveyance facilities, it is desirable to construct 
the detention facility first. It is recommended 
that a detention facility which is intended to 
provide non point source pollution control for 
areas of new development be constructed prior to 
the commencement of site disturbance so that 
the basin can act as a sediment basin during 
construction. Accumulated sediment would have 
to be removed following stabilization of the site 
in order to restore the storage capacity of the 
detention basin. 

Projects No.1 and 2, Storm Sewer Replacement 
in Hydrologic Unit MR-L and Storm Sewer 
Replacement and Detention Storage Construc
tion in Hydrologic Unit MR-K: As indicated by 
the prioritization set forth in Table 96, the 
recommended storm sewer replacements in 
Hydrologic Unit MR-L should be implemented 
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Table 94 

ASSIGNMENT OF CITY, STATE, AND PRIVATE-SECTOR COSTS OF THE 
RECOMMENDED MILWAUKEE RIVER DRAINAGE AREA WATER QUALITY MANAGEMENT PLAN 

Hydrologic Unit Capital Costa (dollars) 

Designation or Component City of State of 
Subbasin Grouping Designation West Bend Wisconsin Private Sector Total 

Water Quality Management Plan" Element (Refer to Table 91) 

Hydrologic Unit A 1 - - - - 394,000 394,000 

Subtotal - - 0 0 394,000 394,000 

Hydrologic Unit D 1 - - -- 185,000 185,000 

Subtotal - - 0 0 185,000 185,000 

Hydrologic Unit R 1 400 - - -- 400 

Subtotal - - 400 -- - - 400 

Hydrologic Unit T 1 - - -- 75,000 75,000 
2 - - - - 71,000 71,000 
3 - - - - 65,000 65,000 

Subtotal - - - - - . 211,000 211,000 

Subbasin WB3 1 35,000 68,000 154,000 257,000 
2 - - - - 71,000 71,000 
3 - - - - 71,000 71,000 
4 - - -- 71,000 71,000 
5 6,000 11,000 92,000 109,000 
6 -- - - 81,000 81,000 
7 -- - - 81,000 81,000 
8 -- - - 22,000 22,000 
9 -- - - 1,700 1,700 

10 500 - - - - 500 

Subtotal - - 41,500 79,000 644,700 765,200 

Subbasin WB5 1 -- 19,000 36,000 55,000 
2 - - -- 1,200 1,200 
3 500 - - - - 500 

Subtotal - - 500 19,000 37,200 56,700 

Subbasin WB6 1 300 - - - - 300 

Subtotal - - 300 -- - - 300 

Subbasin WB7 1 -- - - 128,000 128,000 
2 - - - - 74,000 74,000 
3 1,300 - - - - 1,300 
4 -- - - 8,400 8,400 

Subtotal - - 1,300 -- 210,400 211,700 

Subbasin WB8 1 - - 29,400 12,600 42,000 
2 - - 30,800 13,200 44,000 
3 2,000 - - - - 2,000 
4 300 - - 2,800 3,100 
5 -- -- 2,100 2,100 
6 - - -- 3,800 3,800 

Subtotal - - 2,300 60,200 34,500 97,000 

Subbasin WB 1 0 1 - - - - 644,000 644,000 
2 - - 53,200 22,800 76,000 
3 -- 31,000 28,000 59,000 
4 - - 19,600 31,400 51,000 
5 1,600 - - 10,500 12,100 
6 200 - - - - 200 
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Table 94 (continued) 

Hydrologic Unit Capital Costa (dollars) 

Designation or Component City of State of 
Subbasin Grouping Designation West Bend Wisconsin Private Sector Total 

Subbasin WB 1 a 7 300 - - - - 300 
(continued) 8 - - - - 19,600 19,600 

9 - - - - 14,600 14,600 

Subtotal - - 2,100 103,800 770,900 876,800 

Subbasin WB 11 1 49,000 86,000 - - 135,000 
2 - - - - 150,000 150,000 
3 25,000 60,000 - - 85,000 
4 - - - - 5,100 5,100 

Subtotal - - 74,000 146,000 155,100 375,100 

Subbasin WB 1 3 1 39,000 82,000 283,000 404,000 
2 - - -- 219,000 219,000 

Subtotal - - 39,000 82,000 502,000 623,000 

Subbasin WB 1 4 1 - - - - 94,000 94,000 
2 - - -- 69,000 69,000 
3 - - - - 65,000 65,000 
4 - - - - 127,000 127,000 
5 100 - - - - 100 
6 100 - - - - 100 

Subtotal - - 200 - - 355,000 355,200 

Total - - 161,600 490,000 3,499,800 4,151,400 

a Includes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News
Record Construction Cost Index = 5,015. 

Source: SEWRPC. 

Table 95 

POSSIBLE APPORTIONMENT OF TOTAL CITY OF WEST BEND, STATE OF WISCONSIN, 
AND PRIVATE-SECTOR COSTS FOR THE RECOMMENDED MILWAUKEE RIVER DRAINAGE AREA 

STORMWATER MANAGEMENT PLAN BASED ON CURRENT STATE COST-SHARING POLICY 

City of West Bend State of Wisconsin Private Sector Total 

Annual Annual Annual Annual 
Capital Operation and Capital Operation and Capital Operation and Operation and 

Plan Element Costa Maintenance Costa Maintenance Costa Maintenance Capital Costa Maintenance 

Storm water Drainage System $18.801.900 $ 61,950 -- - - $ 6,585,000 $ 0 $25,386,900 $ 61,950 

Water Quality 
Management Measures 161,600 86,400 $490,000 $0 3,499,800 76,200 4,151,400 162,600 

Total $18,963,500 $148,350 $490,000 $0 $10,084,800 $76,200 $29,538,300 $224,550 

alncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News-Record Construction Cost Index = 5,015. 

Source: SEWRPC. 
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Table 96 

PRIORITIZATION OF STORMWATER MANAGEMENT PLAN PROJECTS FOR THE MILWAUKEE RIVER DRAINAGE AREA 

Capital Costa (dollars) 

Project Number Hydrologic Unit or Project Components as Listed City of State of 
and Description Subbasin Grouping in Chapters III and IV West Bend Wisconsin Private Sector Total 

High-Priority Projects 

1. Storm Sewer L Table 9, entire Hydrologic Unit L 5,000,000 - - - - 5,000,000 
Conveyance 
Improvements 

2. Storm Sewer K Table 9, entire Hydrologic Unit K 4,013,000 -- - - 4,013,000 
Conveyance 
Improvements and 
Detention Storage 

3. Storm Sewer AU Table 9, entire Hydrologic Unit AU i 489,000 -- - - 489,000 
Conveyance 
Improvements and 
Detention Storage 

4. Storm Sewer J Table 9, entire Hydrologic Unit J 800,000 -- - - 800,000 
Conveyance 
Improvements 

5. Storm Sewer G Table 9, entire Hydrologic Unit G 426,000 -- -- 426,000 
Conveyance 
Improvements 

6. Storm Sewer E Table 9, Hydrologic Unit E, items 10 296,000 -- -- 296,000 
Conveyance through 17 
Improvements 

7. Storm Sewer AE Table 9, entire Hydrologic Unit AE 214,000 -- -- 214,000 
Conveyance 
Improvements 

8. Storm Sewer AF Table 9, entire Hydrologic Unit AF 261,000 -- -- 261,000 
Conveyance 
Improvements 

9. Storm Sewer N Table 9, Hydrologic Unit N, items 5, 886,000 -- 644,000 1,530,000 
Conveyance and 8 through 17; and Table 84, 
Improvements and subbasin grouping WBlO, item 1 
Detention Storage 

10. Open Channel a Table 9, entire Hydrologic Unit 0; 210,000 86,000 - - 296,000 
Conveyance ,and Table 84, WBll, item 1 
Improvements and 
Detention Storage 

11. Storm Sewer P Table 9, entire Hydrologic Unit P 203,000 -- -- 203,000 
Conveyance 
Improvements 

12. Storm Sewer F Table 9, entire Hydrologic Unit F, 597,000 -- -- 597,000 
Conveyance except item 10 
Improvements 

13. Open Channel I Table 9, Hydrologic Unit I, 19,000 -- - - 19,000 
Conveyance items 3 and 4 
Improvements 

14. Storm Sewer M and S Table 9, entire Hydrologic Units 1.441,000 -- -- 1.441,000 
Conveyance M and S 
Improvements and 
Detention Storage 

15. Storm Sewer Z Table,9, entire Hydrologic Unit Z 33,000 -- -- 33,000 
Conveyance 
Improvements 

16. Storm Sewer AB Table 9, entire Hydrologic Unit AB 62,000 -- -- 62,000 
Conveyance 
Improvements 

17. Storm Sewer AH Table 9, entire Hydrologic Unit AH 176,000 -- -- 176,000 
Conveyance 
Improvements 
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Table 96 (continued) 

Capital Costa (dollars) 

Project Number Hydrologic Unit or Project Components as Listed City of State of 
and Description Subbasin Grouping in Chapters II, III and IV West Bend Wisconsin Private Sector Total 

High·Priority Projects (continued) 

18. Storm Sewer AI Table 9, entire Hydrologic Unit AI 211,000 · . · . 211,000 
Conveyance 
Improvements 

19. Storm Sewer AJ Table 9, entire Hydrologic Unit AJ 149,000 · . · . 149,000 
Conveyance 
Improvements 

20. Storm Sewer AK Table 9, entire Hydrologic Unit AK 53,000 · . · . 53,000 
Conveyance 
Improvements 

21. Storm Sewer AL Table 9, entire Hydrologic Unit AL 237.000 · . · . 237.000 
Conveyance 
Improvements 

22. Storm Sewer AM Table 9. entire Hydrologic Unit AM 327,000 · . ., 327.000 
Conveyance 
Improvements 

23. Storm Sewer AP Table 9. entire Hydrologic Unit AP 112,000 · . · . 112,000 
Conveyance 
Improvements 

24. Storm Sewer AO Table 9, entire Hydrologic Unit AO 212.000 · . · . 212,000 
Conveyance 
Improvements 

25. Detention Basin AS Table 9, entire Hydrologic Unit AS; 65.000 60,000 · . 125.000 
WD28 and Table 84, subbasin WB11. 

item 3 

26. Storm Sewer Wingate Creek W8A Table 6, subbasin W8A, 42,000 · . · . 42.000 
Conveyance items 1 and 2 
Improvements 

27. Storm Sewer Wingate Creek W7 Table 6. subbasin W7. items 1 and 2 34.000 · . · . 34.000 
Conveyance 
Improvements 

28. Storm Sewer Wingate Creek W4 Table 6, subbasin W4, items 1 296.000 · . · . 296,000 
Conveyance through 4 
Improvements 

29. Trenton Road Culvert Wingate Creek W9D Table 6. subbasin W9D, items 4 74,000 · . · . 74.000 
Replacement and 5 (partial) 

30. Storm Sewer and 0 Table 9. entire Hydrologic Unit 0 381.000 · . 75.000 456,000 
Open Channel 
Conveyance Project 

31. Runoff Infiltration .. Table 86 
Practicesb 

.. 183,200 239.800 423,000 

32. Street, parking, and .. Table 86 7,600 · . 69,800 77,400 
storage area 
sweepingb 

i 
Subtotal .. -- 17,322.doo 329,200 1,028.600 18,680,400 

Intermediate-Priority Projects 

33. Storm Sewer and R Table 9, entire Hydrologic Unit R 86,000 · . 604.000 690.000 
Open Channel 
Conveyance 

34. New Storm Sewers BC Table 9. entire Hydrologic Unit BC; .. · . 469.000 469,000 
and Detention Storage and Table 84, subbasin WB11, 

item 2 

35. Wingate Creek Wingate Creek Table 6, minus items 26 through 29 382.000 · . 2,312,000 2.694.000 
Subwatershed above; and Table 84, subbasin 
Facilities Associated WB14, items 1 through 4 
with Future 
Development 
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Table 96 (continued) 

Capital Costa (dollarsl 

Project Number Hydrologic Unit or Project Components as Listed City of State of 
and Description Subbasin Grouping in Chapters III and IV West Bend Wisconsin Private Sector Total 

Intermediate-Priority Projects (continuedl 

36. New Storm Sewers I Table 9, Hydrologic Unit I, -- -- 55,000 55,000 
items 1 and 2 

37. Storm Sewer and N 
; Table 9, Hydrologic Unit N, items 1, -- -- 1,025,000 1,025,000 

Open Channel through 4, 6, and 7 
Conveyance 

38. Storm Sewer BE Table 9, entire Hydrologic Unit BE; 39,000 82,000 1,279,000 1,400,000 
Conveyance and and Table 84, subbasin WB13, 
Detention Storage items 1 and 2 

39. Storm Sewer H Table 9, entire Hydrologic Unit H; -- -- 565,000 565,000 
Conveyance and and Table 84, subbasin WB7, 
Detention Storage item 1 

40. Detention Basin 0 Table 9, Hydrologic Unit 0; 148,000 -- 185,000 333,000 
WD10 and Table 84, subbasin MR-D, 

item 1 

Subtotal -- - - 655,000 82,000 6.494,000 7,231,000 

Low-Priority Projects 

41. New Storm Sewers A Table 9, entire Hydrologic Unit A; -- -- 664,000 664,000 
and Wet Detention and Table 84, subbasin MR-A, 
Basin WD9 item 1 

42. Storm Sewer B Table 9, entire Hydrologic Unit B 61,000 - - 77,000 138,000 
Conveyance and 
Detention Storage 

43. Storm Sewer and C Table 9, entire Hydrologic Unit C 10,000 -- 57,000 67,000 
Open Channel 
Conveyance with 
Detention Storage 

44. Storm Sewer and E Table 9, Hydrologic Unit E, items 1 293,000 79,000 1,003,000 1,375,000 
Open Channel through 9 and 1 8 through 20; and 
Conveyance with Table 84, subbasin W8-3, items 1 
Detention Storage through 7 

45. New Storm Sewer F Table 9, Hydrologic Unit F, item 10 - - -- 12,000 12,000 

46. Storm Sewer and T Table 9, entire Hydrologic Unit T; 421,000 -- 561,000 982,000 
Open Channel and Table 84, subbasin MR-T, 
Conveyance with items 1 through 3 
Detention Storage 

47. New Storm Sewers AY Table 9, entire Hydrologic Unit A Y 200,900 - - 185,000 385,900 

48. New Open Channel AZ Table 9, entire Hydrologic Unit AZ -- -- 3,000 3,000 
Conveyance 

Subtotal -- -- 985,900 79,000 2,562,000 3,626,900 

Total -- - - 18,963,500 490,200 10,084,600 29,538,300 

alncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1991 with Engineering News-Record Construction Cost Index = 5,015. 

bThese nonpoint source measures are assigned a high priority because State of Wisconsin cost-sharing funds available under the Wisconsin Nonpoint Source 
Pollution Abatement Program must be applied for by June 1997. 

Source: SEWRPC. 

prior to the recommendations for Hydrologic 
Unit MR-K. This implementation sequence is 
necessary to eliminate overflow from Hydrologic 
Unit MR-L into Hydrologic Unit MR-K as a 
contributor to potential flooding along 5th 
Avenue between Hawthorn Drive and Decorah 
Road. As discussed in Chapter III of this 
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volume, under existing conditions, flow in excess 
of the storm sewer capacities at the intersection 
of Main and Vine Streets and in Hawthorn 
Drive west of Sunset Drive would overflow from 
Hydrologic Unit MR-L into Hydrologic Unit 
MR-K, worsening the potential for flooding 
along 5th Avenue between Hawthorn Drive and 



Decorah Road. Once that overflow is removed as 
a potential flooding source, the improvements 
recommended for Hydrologic Unit MR-K could 
proceed. Those facilities would eliminate the 
potential for flooding in Hydrologic Unit MR-K 
during storms with recurrence intervals up to, 
and including, 100 years. 

When a project involves the provision of both a 
series of detention storage facilities and improved 
conveyance facilities in a hydrologic unit which 
is completely developed in urban land uses, as is 
essentially the case with Hydrologic Unit MR-K, 
the optimum approach from a hydrologic and 
hydraulic standpoint is to construct the detention 
facilities and their outlets in sequence from 
upstream to downstream followed by the instal
lation of the improved conveyance facilities from 
downstream to upstream. Construction of deten
tion facilities in sequence from upstream to 
downstream avoids a situation whereby peak 
flows in the downstream portion of a hydrologic 
unit would be temporarily increased during the 
time period over which detention basins were 
constructed. The increase in downstream flows 
could occur because: the time of occurrence of 
peak outflows from downstream detention facili
ties would be delayed in comparison to existing 
conditions, 2) that delay could cause those peak 
outflows to be coincident, or more closely coinci
dent, with peak flows from upstream areas, 3) the 
resultant higher peak flows would exceed those 
for which the downstream detention basin was 
designed, and 4) the release rate from the basin 
would be higher than intended. 

In Hydrologic Unit MR-K it is recommended 
that the three detention basins and their asso
ciated outlets be constructed in sequence from 
upstream to downstream, and that the recom
mended replacement storm sewers be con
structed from downstream to upstream, 
following completion of the detention basins. 
Construction of the basin outlets at the same 
time as the basins should be feasible prior to 
upgrading the storm sewer system because the 
basin outlets are to be connected to existing 
storm sewers which are not recommended for 
replacement. 

Project No.9, New and Replacement Storm 
Sewers and Detention Storage in Hydrologic 
Unit MR-N: This project calls for the construc
tion of dual-purpose detention basin WD3 to 

store runoff from areas of both existing and 
planned urban development. Appurtenances to 
the detention basin include an open channel 
inlet, a 790-foot-Iong, 48-inch-diameter reinforced 
concrete pipe outlet, and a 200-foot-Iong outlet 
channel downstream from the 48-inch-diameter 
pipe. It is recommended that the facilities be 
constructed in the following order: 1) detention 
basin and inlet channel, 2) 48-inch-diameter pipe 
outlet and outlet channel, and 3) replacement 
storm sewer in Lang Drive and new storm 
sewers in River Road. 

Project No. 10, Open Channel Construction and 
Modification and Detention Storage Construction 
in Hydrologic Unit MR-O: This project calls for 
the construction or modification of 2,080 feet of 
open channel in the area northeast of the inter
section of Washington Street (STH 33) and River 
Road and the construction of dual-purpose deten
tion basin WD6 to store runoff from the existing 
West Bend Industrial Park-North. It is recom
mended that the detention basin be constructed 
prior to the open channels and that the 880-foot
long section of open channel to be located 
between Lang Street and Washington Street 
(STH 33) be constructed prior to modification of 
the existing upstream 1,200-foot-Iong section of 
open channel located north of Lang Street. 

Project No. 14, New and Replacement Storm 
Sewers in Hydrologic Units MR-M and MR-S: 
The recommended facilities for each of these 
hydrologic units are grouped as a single project 
because, as described in Chapter III of this 
volume, implementation of the recommendations 
for Hydrologic Unit MR-S are required in order 
to fully abate potential storm water drainage 
problems in Hydrologic Unit MR-M. It is recom
mended that the facilities be implemented in the 
following order: 1) detention basin Ml, 2) 
replacement of the designated existing storm 
sewer tributary to basin Ml, and 3) replacement 
of the designated existing storm sewers and 
installation of one new storm sewer which will 
connect Units MR-M and MR-S, proceeding from 
downstream to upstream. 

Project No. 39, New Storm Sewers and Detention 
Storage in Hydrologic Unit MR-H: This project 
calls for the construction of dual-purpose deten
tion basins WD25 and WD26 to store runoff from 
areas of planned urban development. It is 
recommended that the facilities be constructed 
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in the following order: 1) detention basin WD26 
and its outlet storm sewer, 2) detention basin 
WD25 and its outlet, and 3) new storm sewers. 

. Construction of basin WD26 first will insure that 
runoff from the area tributary to WD26 is 
diverted from basin WD25, which is not sized to 
handle that runoff. 

REGULATORY CONSIDERATIONS 

Implementation of some of the drainage 
improvements recommended in this system plan 
may require the prior approval of certain regu
latory agencies oth~r than the City, including 
the Wisconsin Department of Natural Resources 
and the U. S. Army Corps of Engineers. Because 
the regulatory process involved is complex, the 
City should seek legal counsel before proceeding 
with stormwater management and flood control 
improvements which involve the construction or 
improvement of artificial waterways connecting 
to navigable waters, the alteration or enclosure 
of navigable watercourses, the removal of mate
rial from the beds of navigable watercourses, or 
the disturbance of wetlands. 

Federal regulatory authority relates to the filing 
of wetlands and is granted under Section 404 of 
the Federal Water Pollution Control Act of 1972 
as amended. The administering agency is the 
U. S. Army Corps of Engineers. 

State regulatory authority relates to the con
struction or improvement of artificial water
ways, canals, or ponds connecting to, or located 
within 500 feet of, a navigable waterway, the 
alteration of navigable waterways, the place
ment of deposits or structures in the bed of 
navigable waterways or the enclosure of naviga
ble waterways, the removal of material from 
navigable waterways, and also to activities 
affecting the water quality of wetlands. This 
authority is contained in Sections 30.12, 30.19, 
30.195, 30.20, 30.206, and 144.025 of the Wiscon
sin Statutes. The administering agency is the 
Wisconsin Department of Natural Resources. 
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Chapters of the Wisconsin Administrative Code 
which are pertinent to activities called for under 
the recommended plan include Chapter NR 103, 
"Water Quality Standards for Wetlands," Chap
ter NR 116, "Wisconsin's Floodplain Manage
ment Program," Chapter NR 115, "Wisconsin's 
Shoreland Management Program," and Chapter 
NR 117, "Wisconsin's City and Village Shore
land-Wetland· Protection Program." Because of 
the importance of the relatively new Chapter NR 
103 regulations, special an.alyses have been 
conducted under this planning effort to address 
the requirements of this Chapter of the Code. 
Those analyses are set forth in Chapters II and 
III of this volume and in Appendix A of this 
volume. 

Implementation of the plan will allow the Federal 
Emergency Management Agency, upon the 
request of the City, to revise the floodplain 
boundary maps following submittal of substan
tiating information. Such revisions should be 
requested immediately upon adoption of this plan. 

PLAN REEVALUATION AND UPDATING 

The recommended storm water management and 
flood control components, as well as the fore
casts and assumptions used as a basis for plan 
development, should be reevaluated at 10-year 
intervals in light of changes in actual develop
ment in the identified area. The plan compo
nents, including the need for certain facilities 
and the location, size and capacity of facilities, 
should be revised as necessary to reflect chang
ing development patterns and stormwater man
agement needs. In addition, in the initial plan 
development, it was necessary to limit the 
analysis and recommendations to major convey
ance and detention facilities, since the layout of 
some future collector and land access streets had 
not been determined. A major effort in plan 
updating should be directed toward developing 
recommendations and updating inventories for 
smaller conveyance elements as development 
plans are prepared and incorporating this 
information into the master stormwater manage
mentplan. 



Chapter VII 

SUMMARY 

The recommended stormwater management 
system plan for that portion of the Milwaukee 
River drainage area within the City of West 
Bend study area consists of a storm water 
drainage plan element and a related water 
quality management plan element. The recom
mended plan was selected following careful 
evaluation of numerous alternatives considered 
for each of the 58 hydrologic units defined 
within the study area. 

A recommended stormwater drainage plan 
element, based on the best alternative identified 
for each hydrologic unit in the study area, was 
developed with minor system components and 
major system components. The minor system 
components were designed for a 10-year recur
rence interval peak flow, while the major system 
components were designed for a 100-year recur
rence interval peak flow. The recommended 
components consist of about 12.4 miles of new 
storm sewers, 11.4 miles of replacement storm 
sewers, 2.4 miles of open channels or roadside 
swales, 1,900 lineal feet of new or replacement 
culverts, nine dry detention basins for water 
quantity control, and eight dual-purpose deten
tion basins for both water quantity and water 
quality control. 

The water quality management plan element 
calls for 15 wet detention basins for water 
quality control alone; the infiltration of runoff 
from about 77 acres of parking lots associated 
with government and institutional or commer
cial land uses; the treatment of runoff from 
about 592 acres of land through increased 
sweeping of about 14 curb-miles of streets and 
138 acres of industrial and commercial parking 
and/or storage areas during spring and fall, 
along with increased catch basin cleaning and 
improved collection of leaves and other vegeta
tive debris; continued enforcement of the City 
construction erosion control ordinance; and 
public education programs. 

In comparison to uncontrolled loadings under 
planned land use conditions, the recommended 
measures may be expected to reduce uncon
trolled pollutant loadings from the study area by 
40 percent for sediment; 21 percent for phospho-

rus; and 39 percent for lead, used as an indicator 
for metals. The estimated reductions associated 
with the recommended plan are compared to the 
levels of control set forth under the adopted 
regional water quality management plan and 
under the priority watershed plan in Table 87 of 
Chapter IV of this volume. The non point source 
control measures recommended in this storm
water management plan may be expected to 
provide levels of pollutant removal substantially 
exceeding those recommended for sediment and 
slightly less than that recommended for phos
phorus in the adopted regional water quality 
management plan. That plan recommended that 
a 25 percent reduction in nonpoint source pollu
tants would be adequate to achieve the water use 
objectives and standards. 

The enhancement reduction goal for sediment as 
established in the priority watershed study 
would be achieved. However, the enhancement 
reduction levels for phosphorus and heavy 
metals would not. The anticipated phosphorus 
reduction is substantial and an improvement in 
water quality may be expected to result from the 
proposed reduction. The phosphorus reduction 
level substantially exceeds the secondary goal 
established in the priority watershed study of 
maintaining current 1988 levels. The limitation 
on the increase in metals loading, while falling 
short of the enhancement goal and the second
ary goal of maintaining 1988 loadings, is signifi
cant, given the inherent difficulty in reducing 
loadings of heavy metals and other predomi
nantly urban pollutants when an area experien
ces significant new urban development. 

The loading reductions achieved by the plan are 
the largest which are practically attainable, 
given the constraints identified during the 
review of the plan by City of West Bend staff; 
they may be expected to improve the overall 
water quality conditions of the Milwaukee River 
and its intermittent tributaries in the study area. 
Thus, the nonpoint source pollution control 
measures called for under the recommended plan 
are considered to be not in conflict with the 
regional water quality management plan and in 
substantial conformance with the goals of the 
priority watershed plan. 
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The total capital cost of the recommended plan 
is about $29.54 million. Of that cost, about $25.39 
million, or 86 percent, is for the stormwater 
drainage plan element and about $4.15 million, 
or 14 percent, is for the water quality manage
ment plan element. Of the total capital cost of 
the plan, about $18.96 million, or 64 percent, is 
recommended to be borne by the City of West 
Bend; about $0.49 million, or 2 percent, is 
recommended to be borne by the State of Wiscon
sin; and about $10.08 million, or 34 percent, is 
recommended to be financed by the private 
sector, primarily land developers. Of the total 
annual operation and maintenance cost of 
$224,550, about $61,950, or 28 percent, is for the 
stormwater drainage plan element; about 
$162,600, or 72 percent, is for the water quality 
management plan element. About $148,350, or 
66 percent of the total annual operation and 
maintenance cost, is recommended to be borne 
by the City of West Bend and the remaining 
$76,200, or 34 percent, is recommended to be 
borne by the private sector. The private sector 
operation and maintenance costs are for inten
sive sweeping of industrial and commercial 
parking and/or storage areas. 

The initial step in plan implementation is formal 
adoption of the plan by the City Plan Commis
sion, Board of Public Works, and City Council. 
The plan can be implemented and financed 
through the existing City structure for review, 
administration, and financing of stormwater 
management projects. The recommended plan 
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should be integrated into the City's public works 
program to ensure construction of the recom
mended facilities and to ensure reliable and 
stable operation and maintenance of both the 
existing and new facilities. In order to help 
implement the plan, the City should carefully 
review subdivision plats to determine conform
ance to the recommended plan, incorporating 
public expenditures for stormwater management 
into a· sound overall capital improvements 
program for the City. 

The plan recommends· the most cost-effective 
means of resolving existing and probable future 
stormwater management problems in the por~ 
tion of the Milwaukee River drainage area 
within the City of West Bend study area, thereby 
reducing the public costs attributable to improp
erly functiolring facilities. Implementation of the 
recommended plan would provide protection 
against substantial inconvenience to residents 
during minor storm events and also against 
major property damage. It would significantly 
abate the hazard to human health and safety 
attendant to major storm events. The plan would 
improve water quality and aquatic habitat 
conditions in the study area, thereby enhancing 
the potential use of the surface waters for 
recreational purposes. Implementation of the 
plan will also support the continued sound 
development and redevelopment of the City in 
accordance with the comprehensive City plan 
adopted in 1992. 
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Appendix A 

WETLAND ALTERNATIVES ANALYSIS FOR COMPLIANCE WITH 
CHAPTER NR 103 OF THE WISCONSIN ADMINISTRATIVE CODE 

INTRODUCTION 

This appendix documents the analysis of practicable alternatives performed for those stormwater 
management and flood control features which were called for under the recommended plan and which 
involved significant disturbance of wetlands. Where a practicable alternative to location of a given 
facility in a wetland was identified, the final recommended plan as presented in Chapters II and 
III of this volume was revised to include that alternative. The final recommended storm water 
management plan is shown on Maps 6 and 14. Wetlands in the study area are shown on Map 4 in 
Volume One of this report. The alternatives analysis was performed in the context of the system plan 
presented in this report and is intended to be adequate to obtain conceptual approval of the stormwater 
management plan from the Wisconsin Department of Natural Resources and to expedite the 
permitting process at such time as specific features of the recommended plan are implemented. It 
may be necessary that the applicant for a State permit, required to implement a facility recommended 
under this plan, provide additional data in support of the proposed project. 

WETLAND CONSIDERATIONS IN THE WINGATE CREEK SUBWATERSHED 

Channel Deepening at Outlet of Detention Basin WD23 
Under the recommended stormwater drainage plan, deepening of about 265 feet of an existing 
drainage channel is recommended within a portion of a 100-acre wetland which extends along Wingate 
Creek in the northeast one-quarter of U. S. Public Land Survey Section 7, Township 11 North, 
Range 20 East. This channel deepening is required to provide a free outlet for proposed dual-purpose 
detention basin WD23. That detention basin would be located outside the wetland. 

The area draining to the portion of the wetland in which channel deepening would occur totals about 
148 acres. The existing land uses tributary to that portion of the wetland are almost entirely rural, 
while under planned conditions the land uses would be almost entirely urban, with medium-density 
residential uses being predominant. 

The wetland affected by the channel deepening is classified as a combination of forested and shrub 
wetland characterized by broad-leaved vegetation on wet soils (T3K and S3K). 

The soils in the portion of the wetland where the channel deepening is to occur are classified as 
Mussey loam and Adrian mucky peat. Mussey loam is poorly drained and has a high water table. 
Adrian mucky peat is very poorly drained and also is associated with a high water table. 

The wetland is not in, nor adjacent to, an area of special natural resource interest. Wildlife habitat 
at the site is classified as Class II, or of medium quality. 

The wetland is located partially in the floodplain of Wingate Creek and has significant floodwater 
and sediment storage capacity and may provide some shoreline erosio)l protection. 

As already noted, the recommended channel deepening is required to provide an outlet for 
recommended detention basin WD23, and for recommended storm sewers located within subbasin 
W2B. The design of those storm sewers dictates that the outlet from the detention basin be located 
about 2.5 feet below the existing channel bottom. Because of a lack of topographic relief, and the 
fact that the recommended storm sewers would be provided with the minimal allowable cover, it is 
not possible to raise the sewer inverts sufficiently to eliminate the need for the channel deepening. 
Also, no alternative location for the storm sewer and detention basin outlet is available which would 
not encroach on the subject wetland. It would be possible to eliminate the need for the channel 
deepening if future development within subbasins W2A and W2B were provided with roadside swales, 
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rather than curb and gutter and storm sewers. The use of roadside swales in areas of medium-density 
residential development would be uneconomical and unacceptable to the City. It was, therefore, 
concluded that there'is no practicable alternative to the recommended channel deepening which would 
provide the required outlet. Thus, the recommended plan includes the channel deepening which would 
be carried out in conjunction with the construction of the storm sewers and detention basin in 
subbasin W2B. Since the deepelling of the drainage channel would occur only along a 265-foot-Iong 
reach within the outer boundary of the wetland, it is not expected to significantly lower water levels 
within the wetland. Those water levels would continue to be governed by that portion of the existing 
drainage channel which would not be deepened, as well as by Wingate Creek. 

Detention Basin WD13 
Under the initial recommended stormwater drainage plan, dual-purpose detention basin WD13 was 
recommended to be constructed, in a portion of a 26-acre wetland which extends along Wingate Creek 
and an unnamed tributary to Wingate Creek in the southwest one-quarter of U. S. Public Land Survey 
Section 8, Township 11 North, Range 20 East. That wetland lies within a much larger area of primary 
environmental corridor. Basin WD13 is intended to control more frequent floods which contribute to 
streambank erosion and streambed scour and also to provide reductions in loadings of nonpoint source 
pollutants delivered to Wingate Creek under planned land use conditions. 

The total area draining to the portion of the wetland in which basin WD13 is to be located is about 
147 acres. The existing land uses tributary to that portion of the wetland are almost entirely rural, 
while under planned conditions the land uses would be mostly urban, with medium- and high-density 
residential uses predominant. 

The wetland affected by basin WD13 is classified as an emergent marsh wetland with unknown 
vegetation type on wet soils (ElK). 

The soils in the portion of the wetland where WD13 is to be located are classified as Granby fine 
sandy loam and Houghton mucky peat. Granby fine sandy loam is generally poorly drained and is 
assqciated with a seasonal high water table. Houghton mucky peat is very poorly drained and is 
subject to flooding. 

The wetland is not in, nor adjacent to, an area of special natural resource interest. Wildlife habitat 
for most of the wetland is classified as Class I, or of high quality, with a small portion in the northern 
tip of the wetland classified a.s Class II, or of medium quality. 

The wetland is located primarily in the floodplain of Wingate Creek and the unnamed tributary to 
Wingate Creek and has significant floodwater and sediment storage capacity and may provide some 
minor shoreline erosion protection. 

Construction of the detention basin as initially recommended would involve excavating a 2.5-acre area 
of the wetland. No deepening ofthe unnamed tributary to Wingate Creek is envisioned either upstream 
or downstream of the pond. Because of possible high groundwater levels at this site, there is the 
potential for the water in the permanent pool to be directly interchanged with the groundwater, 
leading to possible pollution of groundwater. 

Direct disturbance of the wetland and of the primary environmental corridor could be avoided by 
relocating the detention basin about 1,200 feet upstream along the unnamed tributary. Such a 
relocation, however, would reduce the effectiveness of the basin, both in controlling discharge rates 
and in reducing pollutant loadings. Relocation of the basin would reduce the tributary area served 
from 147 acres to 90 acres, or by about 39 percent. Also, the area tributary to the relocated basin 
would be comprised entirely of single-family residential development under the land use plan, as 
opposed to a combination of single-family and higher-density, multi-family residential development 
under the recommended location. Therefore, pollutant loadings at the relocated basin site would be 
low, eliminating the need for a wet pond at this location. In addition, the relocated basin would not 
be capable of restricting the two-year recurrence interval storm discharge from subbasin W14 under 
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proposed land use conditions to the discharge under existing land use conditions. The anticipated 
two-year recurrence interval discharge from subbasin W14 would be about 20 cubic feet per second 
(cfs). This is compared to six cfs under existing land use conditions, and about 60 cfs under planned 
land use conditions assuming no provision of detention storage. 

The cost of the relocated detention basin is estimated at $127,000. This includes the $34,000 cost of 
extending the storm sewer proposed for subbasin W14 an additional 177 feet so as to discharge directly 
to the relocated basin. The recommended plan was revised to incorporate relocation of this detention 
basin as the most practicable alternative. This basin would still serve to significantly reduce the 
anticipated two-year storm discharge from subbasin W14. Also, since anticipated pollutant loadings 
from subbasin W14 are low, the loss of water quality benefits from this basin would be minimal. 

WETLAND CONSIDERATIONS IN THE MILWAUKEE RIVER 
DRAINAGE AREA OUTSIDE THE WINGATE CREEK SUBWATERSHED 

Detention Basin M-1 
Detention basin M-1 is recommended to be constructed in Hydrologic Unit M in a portion of an isolated 
0.75-acre wetland which extends along an unnamed tributary to the Milwaukee River on the east side 
of Eastern and Indiana Avenues in the northeast one-quarter of U. S. Public Land Survey Section 
24, Township 11 North, Range 19 East in the City of West Bend. The wetland and unnamed tributary 
are located upstream of a very long channel enclosure within storm sewers. The detention basin is 
intended to control runoff from planned land uses from storms with recurrence intervals up to, and 
including, 100 years. Only approximately the western one-third of the basin would encroach on the 
existing wetland. Construction of the basin as proposed could be accomplished without the discharge 
of fill to the wetland. The basin could be constructed as an expansion of the existing wetland through 
planting of wetland vegetation. The outlet from the wetland would continue to be the existing 58-inch
wide by 36-inch-high corrugated metal pipe arch storm sewer. Thus, water levels in the wetland would 
be unaffected by construction of the proposed detention basin. 

If the unnamed tributary were determined to be navigable by the Wisconsin Department of Natural 
Resources, construc~ion of the basin would require a permit from the State under Chapter 30 of the 
Wisconsin Statutes. Because the project would involve activities in a wetland, a permit for the project 
would be required from the U. S. Army Corps of Engineers under Section 404 of the Federal Clean 
Water Act; Wisconsin Department of Natural Resources water quality certification applying the 
standards of Chapter NR 103 would also be required. Thus, a systems-level wetland evaluation and 
practicable alternatives analysis is presented here. 

The total area draining to the wetland is about 25 acres. The existing and planned land uses tributary 
to that portion of the wetland are predominantly industrial with some government and institutional 
uses and some upstream wetlands. 

The wetland affected by basin M-1 is classified as an isolated wetland of less than two acres in size. 
No wetland or vegetation type has been assigned to the wetland in the Regional Planning Commission 
wildlife habitat inventory. The soils in the wetland are classified as Mussey loam. Mussey loam is 
poorly drained and has a high water table. 

The wetland is not in, nor adjacent to, an area of special natural resource interest and it has no 
significant recreational, cultural, educational, scientific, or natural aesthetic values due to its small 
size and isolated location. The wetland is located to the east of an isolated natural area which is 
designated for preservation through public land use regulation as set forth in SEWRPC Community 
Assistance Planning Report No. 104, A Park and Open Space Plan for the City of West Bend, June 
1985, and SEWRPC Community Assistance Planning Report No. 167, A Land Use Plan for the City 
of West Bend: 2010, July 1992. However, no special preservation status is assigned in those reports 
to the wetland in question. 
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Wildlife habitat in the wetland is classified as Class III, or of good quality. The wetland is located 
upstream of a long channel enclosure which would not permit fish passage to the wetland from the 
Milwaukee River. It is, therefore, highly unlikely that the wetland would provide spawning habitat 
for fish. 

The wetland is located in the floodplain of the unnamed tributary, and it has relatively significant 
floodwater and sediment storage capacity, may provide some filtration or storage of nutrients or toxic 
substances, and may provide some minor shoreline erosion protection. All those characteristics could 
be enhanced through the proposed construction of detention basin M-l, which would expand the 
available storage volume and could be landscaped to actually expand the wetland area. 

The larger wetland on the west side of Indiana Avenue is an unacceptable alternative site for the 
construction of the detention basin. There are no upland sites on which the basin could be constructed 
practically. The only feasible alternative to the construction of the detention basin as proposed would 
be to implement Alternative M-l, which calls for replacement of storm sewers at an additional capital 
cost of $169,000. Because of the prohibitively high capital cost increase of the alternative to 
construction of the proposed basin in the wetland and the lack of practical upland sites, it was 
concluded that there is no practicable, cost-effective alternative to construction of the basin which 
would meet the stormwater drainage objectives of the plan. Thus, it is recommended that detention 
basin M-l be constructed as proposed. 
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