
I COMMUNITY ASSISTANCE 
PLANNING REPORT NO. 236 

r 

SOUTHEASTERN WISCONSIN REGIONAL 

/'J"l:/ --



LOCAL OFFICIALS AND UNDERWOOD CREEK 
FLOODING TASK FORCE MEMBERS 

SOUTHEASTERN WISCONSIN 
REGIONAL PLANNING COMMISSION 

CITY OF BROOKFIELD 

KENOSHA COUNTY 

Leon T. Dreger 
Thomas J. Gorlinski 
Sheila M. Siegler 

MILWAUKEE COUNTY 

Daniel J. Diliberti 
William R. Drew, 

Vice Chairman 
William Heinemann 

OZAUKEE COUNTY 

Leroy A. Bley 
Thomas H. Buestrin. 

Chairman 
Gus W. Wirth, Jr. 

RACINE COUNTY 

Richard A. Hansen 
Martin J. Itzin 
Jean M. Jacobson, 

Secretary 

WALWORTH COUNTY 

Anthony F. Balestrieri 
Allen L. Morrison, 

Treasurer 
Robert J. Voss 

WASHINGTON COUNTY 

Lawrence W. Hillman 
Daniel S. Schmidt 
Patricia J. Strachota 

Kathryn C. Bloomberg, Mayor 
Dean R. Marquardt, Director of Administrative Services 

Thomas M. Grisa, Director of Public Works 
William Muth, PE, former Director of Public Works 
Steven D. Loth, former Engineering Administrator 

Carrie Bristoll-Groll, PE, Project Engineer 
Thomas J. Hafner, PE, Project Engineer 

TASK FORCE MEMBERS 

Chris Blackburn, Co-Chairman 
Rob Buikema 
Dawn Carson 

James J. McGavock 
Jack Shaw 

Jerry Unruh 

VILLAGE OF ELM GROVE 

James W. Nortman, President 
Andrea Steen Crawford, Village Manager 

Charles D. Armao, Director of Public Works 

WAUKESHA COUNTY 

Duane H. Bluemke 
Robert F. Hamilton 
Paul G. Vrakas 

SOUTHEASTERN WISCONSIN REGIONAL 
PLANNING COMMISSION STAFF 

Philip C. Evenson,AICP .............. Executive Director 

Kenneth R. Yunker, PE ................ Assistant Director 

Nancy M. Anderson .................. Chief Community 
Assistance Planner 

Robert E. Beglinger ........ ChiefTransportation Engineer 

Robert P. Biebel, PE, PH ..... Chief Environmental Engineer 

Leland H. Kreblin, RLS .......... Chief Planning Illustrator 

Elizabeth A. Larsen ............... Administrative Officer 

John G. McDougall ............. Geographic Information 
Systems Manager 

John R. Meland .... Chief Economic Development Planner 

Donald M. Reed ....................... Chief Biologist 

William J. Stauber,AICP ......... Chief Land Use Planner 

Special acknowledgment is due Ms. Najoua Ksontini, PH, 
SEWRPC Senior Engineer; Mr. Michael G. Hahn, PE, PH, 
SEWRPC Principal Engineer; Mr. Michael F. Campbell, PE, 
Ruekert & Mielke, Inc. Principal in Charge; Mr. Todd B. Weik, 
RLA Ruekert & Mielke Project Manager; Mr. Richard J. 
Wirtz, PE, Ruekert & Mielke Project Engineer; and Mr. 
Thomas H. Koepp, Ruekert & Mielke Project Engineer, for 
theircontributionstothe preparation of this report. 

TASK FORCE MEMBERS 

Gerald Fellows, Co-Chairman 
John Bunce (ex officio) 
Paul Freedy (ex officio) 

James Keys 
Neil Palmer 

Richard Reinders 
John Schlosser 
James Schwai 



COMMUNITY ASSISTANCE PLANNING REPORT 
NUMBER 236 

A STORMW ATER AND FLOODLAND MANAGEMENT PLAN 
FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 

SUBWATERSHEDS IN THE CITY OF BROOKFIELD 
AND THE VILLAGE OF ELM GROVE 

WAUKESHA COUNTY 
WISCONSIN 

Prepared by the 

Southeastern Wisconsin Regional Planning Commission 
and Ruekert & Mielke, Inc. 

In Cooperation with 

City of Brookfied, Village of Elm Grove, and 
Wisconsin Department of Natural Resources 

February 2000 

Inside Region $10.00 
Outside Region $20.00 



 

 

(This page intentionally left blank) 



TABLE OF CONTENTS 

Page 

Chapter I-INTRODUCTION ........................ . 
Study Background ............................................... . 
Distinction between Storm water 

Drainage, Stormwater Management, 
and Flood Control.............................................. 4 

Need for and Importance of 
Storm water Management Planning.................... 4 

Basic Concepts Involved...................................... 4 
Scope of the Storm water and 

Floodland Management Plan ............................. 5 
Review of Previous Studies ................................. 5 
Summary.............................................................. 8 

Chapter IT-INVENTORY 
AND ANALYSIS .............................................. 11 

Introduction.......................................................... 11 
Storm water Management Study Area.................. 11 
Land Use.............................................................. 11 
Land Use Regulations.......................................... 15 
Impact of Changing Land Use on 

Subwatershed Stormwater 
Management Systems ..................... ................... 16 

Climate................................................................. 17 
Temperature and Seasonal Considerations ....... 17 
Precipitation...................................................... 18 
Snow Cover and Frost Depth............................ 19 

Soils .................................................................... 20 
Bedrock................................................................ 20 
Storm water Management and 
Flood Control System ........................................ 20 
Topography....................................................... 20 
Hydrologic Units and Subbasins ...................... 22 
Streams, Drainage Channels, 

Storm Sewers, and Ponds ............................... 22 
Wetlands........................................................... 24 
Navigability Assessment for Streams· 

in the Dousman Ditch and Underwood 
Creek Subwatersheds...................................... 24 
Reasons for the Determination 
of Navigability......................................... .... 24 

Regulations Governing Shore land 
Wetlands in Southeastern Wisconsin .......... 25 

Determination of Navigability....................... 25 
Navigability Determination within 

the Dousman Ditch and Underwood 
Creek Watershed ......................................... 25 

Bridges, Culverts, and Other Structures ........... 27 

iii 

Page 

Flood Discharges and Natural Floodlands ....... 27 
Stormwater Drainage and Flooding Problems..... 27 

Storm water Drainage Problems........................ 27 
Flooding Problems ........................................... 32 

Description of Sources of Water Pollution.......... 32 
Rural Land Runoff ........................................... 33 
Urban Land Runoff .......................................... 33 
Construction Site Erosion................................. 34 
Stream bank Erosion ......................................... 37 
Atmospheric Contributions .............................. 37 
Leaks and Spills ofIndustrial Materials........... 38 

Existing Nonpoint Source Pollution 
Control Facilities and Programs 
within the Subwatershed.................................... 38 

Description and Assessment 
of Existing Water Quality 
and Biological Conditions ................................. 38 
Water Quality Conditions................................. 38 
Fishery Resources ............................................ 39 
Benthic Organisms ........................................... 39 
Aquatic Habitat................................................. 39 

Summary.............................................................. 40 

Chapter III-STORMW ATER AND 
FLOODLAND MANAGEMENT 
OBJECTIVES, STANDARDS, 
AND DESIGN CRITERIA ............................. 43 

Introduction ......................................................... 43 
Stormwater and Floodland Management 
Objectives and Standards................................... 43 

Overriding Considerations.................. ................. 51 
Analytical Procedures and 

Engineering Design Criteria.............................. 52 
Analytical Procedures....................................... 52 

Rainfall Intensity-Duration-
Frequency Data ....................................... .... 52 

Design Rainfall Frequency............................ 54 
Time Distribution of Design Rainfall........... 55 
Additional Hydrologic 
and Hydraulic Data ..................................... 57 

Simulation of Hydrologic, 
Hydraulic, and Nonpoint Source 
Pollutant Delivery Process.......................... 57 

Criteria and Assumptions................................. 58 
Street Cross-Sections, Site Grading, 

Inlets, and Parallel Roadside Culverts ........ 58 
Roadside Swales .................................... ....... 59 



Page 

Cross Culverts .............................................. . 
Open Drainage Channels .............................. . 
Storm Sewers ................................................ . 
Stormwater Storage Facilities ....................... . 
Stormwater Pumping Facilities .................... . 
Urban Nonpoint Source Pollution 

Control Measures ....................................... . 
Stormwater Management Facility 

Safety Design Criteria ................................ . 
Economic Evaluation .......................................... . 
Summary ............................................................. . 

Chapter IV-WATER QUALITY 
MANAGEMENT PLAN ELEMENT ............ . 

Introduction ......................................................... . 
Water Use Objectives and 

Water Quality Standards ................................... . 
Pollutant Loading Analysis ................................. . 

Critical Land Uses within the Study Area ....... . 
Quantification of Existing (1990) 

and Planned Buildout Condition Loadings 
of Non point Source Pollutants ....................... . 

Basis for the Selection of the 
Targeted Levels of Control of 
Nonpoint Source Pollution ................................ . 

Evaluation of Stream bank Erosion ..................... . 
Construction Erosion Control Ordinances .......... . 
Winter Management of Roadways ...................... . 
State of Wisconsin Storm water 

Discharge Permitting Program .......................... . 
Proposed State Nonagricultural Runoff 

Performance Standards ..................................... . 
Alternative Water Quality 

Management Plans ............................................ . 
Introduction ..................................................... . 
Descriptions of Alternative Plans .................... . 

Water Quality Alternative Plan No. 1-
Dousman Ditch Detention Basin 
with Increased Street Sweeping 
in Critical Areas .......................................... . 

Water Quality Alternative Plan No. 2-
Dousman Ditch Detention Basin 
with Additional Increased Street 
Sweeping in Critical Areas ......................... . 

Evaluation of Water Quality 
Management Alternatives .............................. . 
Pollutant Removal Effectiveness .................. . 
Cost. .............................................................. . 

Selection of the Preliminary Recommended 
Alternative Plan for Control of Non point 
Source Pollution within the Study Area ........ . 

59 Comparison of Non point Source 
61 Pollution Reductions with Those 
62 Recommended under the Regional 
63 Water Quality Management Plan and 
64 the Priority Watershed Study ............................ . 

Integration of the Preliminary Recommended 
64 Stormwater Drainage and Water Quality 

Management Plans into a Preliminary 
65 Recommended Storm water 
65 Management Plan ............................................. . 
66 

Chapter V-ALTERNATIVE AND 
PRELIMINARY RECOMMENDED 

69 STORMWATER AND FLOODLAND 
69 MANAGEMENT PLANS .............................. . 

Introduction ........................................................ . 
69 Evaluation of the Existing Stormwater 
69 Drainage and Floodland Management 
69 System in the Subwatersheds ........................... . 

Introduction ..................................................... . 
Physical Characteristics ................................... . 

70 Hydraulic Capacities of Conveyance 
Systems and Comparison with 
Anticipated Storm Flows ............................... . 

70 Identified Problem Areas ................................. . 
74 Flooding and Stormwater Drainage 
74 Problems Resulting from the 
75 Storm of June 20-21, 1997 ......................... . 

Flooding and Storm water Drainage 
75 Problems Resulting from the 

Storm of August 6, 1998 ............................ . 
75 Underwood Creek Flooding Task Force ...... . 

Description and Evaluation of 
75 Alternative Storm water and Floodland 
75 Management Approaches ................................. . 
76 Introduction ..................................................... . 

Alternative Stormwater and Floodland 
Management Approaches .............................. . 
Storm Sewer Conveyance ............................ . 

76 Roadside Swale Conveyance ....................... . 
Centralized Detention ................................... . 
Onsite Detention ........................................... . 
Natural System ............................................. . 

78 Nonstructural Measures for Control 
of Storm water Runoff and Floods .............. . 

80 Description and Evaluation of Alternative 
80 Floodland Management Plans for 
80 the Main Steins of Dousman Ditch 

and Underwood Creek ...................................... . 
Introduction ..................................................... . 

80 

iv 

Page 

82 

82 

83 
83 

84 
84 
84 

86 
86 

86 

88 
89 

89 
89 

95 
95 
95 
96 
96 
97 

97 

98 
98 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Page Page 

Summary of Flood Control Alternatives Alternative Floodland Management Plan 
Considered under Past Studies ........................ 98 No. 9-Two-Basin Detention Storage with 
Menomonee River Watershed Study ............. 98 Excavation Minimized, No Wetland 

Menomonee River Watershed Plan Disturbance, and Structure 
Alternatives Which Most Commonly Floodproofing, and Elevation ...................... 130 
Address the Flooding Problem ................. 98 Alternative Floodland Management Plan 

Menomonee River Watershed Plan No. 10-Limited Dousman Ditch 
Alternatives Which Partially Detention Storage, Maximum On-Line 
Address the Flooding Problem ................. 100 Storage, Bridge and Culvert Modification, 

1990 Milwaukee Metropolitan Sewerage and Structure Floodproofing, 
District Storm water Drainage and Flood Elevation, and RemovaL ............................ 132 
Control System Plan Recommendation ....... 100 Alternative Floodland Management Plan 

Current Alternative Floodland Management No. II-Limited Dousman Ditch 
Plans Developed under the Stormwater Detention Storage, Underwood Creek 
Management Plan for Dousman Ditch Overflow Channel and Diversion, and 
and Underwood Creek .................................... 100 Compensating Storage, with Structure 
Summary of Potential Flood Damages .......... 100 Floodproofing and Removal ....................... 135 
Alternative Floodland Management Plan Additional Alternative Floodland 

No. I-Structure Floodproofing, Management Plans Evaluated by 
Elevation, and Removal ............................... 103 the Village of Elm Grove ............................ 138 

Alternative Flood land Management Plan Wet Detention Basin for the Control 
No.2-Acquisition and of Non point Source Pollution ...................... 138 
Removal of Structures ................................. 114 Wet Detention Basin for Alternative 

Alternative Floodland Management Plan Plan Nos. 3, 10, and 11 ............................ 139 
No.3-Limited Detention Storage Wet Detention Basin for Alternative 
with Structure Floodproofing, Plan Nos. 4 and 9 ..................................... 141 
Elevation, and RemovaL ............................. 115 Wet Detention Basin for Alternative 

Alternative Floodland Management Plan Plan Nos. 5 and 7 ..................................... 142 
No.4-Detention Storage with Wet Detention Basin for Alternative 
Excavation Minimized, No Wetland Plan Nos. 6 and 8 ..................................... 142 
Disturbance, and Structure Storm water Management Issues 
Floodproofing, Elevation, and Removal.. .... 117 Related to the Alternative Plans 

Alternative Floodland Management Plan that Call for Detention Basins ........................ 143 
No.5-Expanded Detention Storage Regulatory Issues Related to the Alternative 
with Excavation Minimized and Structure Plans that Call for Detention Basins ............... 144 
Floodproofing, Elevation, and Removal.. .... 119 Dam Safety .................................................... 144 

Alternative Floodland Management Plan Permits for Activities in or Adjacent 
No.6-Expanded Detention Storage with to Navigable Waters of the 
Excavation Maximized and Structure State of Wisconsin ...................................... 144 
Floodproofing, Elevation, and Remova1.. .... 122 Wetlands ........................................................ 144 

Alternative Floodland Management Plan Comparison and Elevation of Floodland 
No.7-Expanded Two-Basin Detention Management Alternative Plans 1 through 1 1 .... 145 
Storage with Excavation Minimized and Costs ................................................................. 148 
Structure Floodproofing, Nonmonetary Advantages and 
Elevation, and RemovaL ............................. 124 Disadvantages of the Alternative Plans ....... 149 

Alternative Floodland Management Plan Selection of the Preliminary Recommended 
No.8 Expanded Two-Basin Floodland Management Plan for the 
Detention Storage with Excavation Dousman Ditch and Underwood 
Maximized and Structure Floodproofing, Creek Subwatersheds ..................................... 150 
Elevation, and Removal ............................... 127 Alternative Stormwater Drainage Plans .............. 151 

v 



Page 

Introduction ...................................................... 151 
Storm water Drainage System Costs ................. 151 
Evaluation of Alternative Stormwater 

Drainage Plans and Selection of the 
Preliminary Recommended Plan for 
Each Hydrologic Unit.. .................................. . 

Hydrologic Unit DD-l .................................... .. 
Description and Evaluation of the 

Stormwater Management System .............. .. 
Plan Recommendation .................................. . 

Hydrologic Unit DD-2 ..................................... . 
Description and Evaluation of the 

Stormwater Management System .............. .. 
Alternative Stormwater Drainage Plans ...... .. 
Recommended Storm water Drainage 

Plan for Hydrologic Unit DD-2 .................. . 
Hydrologic Unit DD-3.. .................................. .. 

Description and Evaluation of the 
Storm water Management System .............. .. 

Plan Recommendations ............................... .. 
Hydrologic Unit DD-4 ..................................... . 

Description and Evaluation of the 
Stormwater Management System ............... . 

Plan Recommendation .................................. . 
Hydrologic Unit DD-5 .................................... .. 

Description and Evaluation of the 
Stormwater Management System .............. .. 

Alternative Stormwater Drainage Plans ...... .. 
Alternative Plan No. DD-5a-Culvert 

Roadside Swale, and 
Storm Sewer Conveyance ...................... .. 

Alternative Plan No. DD-5b-
Storm water Pumping .............................. .. 

Alternative Plan No. DD-5c-
Structure Acquisition and Removal ......... 

Evaluation of Alternative 
Stormwater Drainage Plans ....................... .. 

Preliminary Recommended 
Stormwater Drainage Plan 
for Hydrologic Unit DD-5 .......................... . 

Hydrologic Unit DD-6 .................................... .. 
Description and Evaluation of the 

Storm water Management System .............. .. 
Plan Recommendations ................................ . 

Hydrologic Unit DD-7 .................................... .. 
Description and Evaluation of the 

Stormwater Management System .............. .. 
Alternative Stormwater Drainage Plans ...... .. 
Preliminary Recommended 

Stormwater Drainage Plan for 
Hydrologic Unit DD-7 ................................ . 

152 
152 

152 
152 
152 

152 
152 

152 
154 

154 
154 
154 

154 
155 
155 

155 
155 

156 

156 

157 

159 

161 
161 

161 
161 
161 

161 
161 

163 

vi 

Page 

Hydrologic Unit DD-8...................................... 163 
Description and Evaluation of the 

Storm water Management System ...... ......... 163 
Alternative Stormwater Drainage Plans 

for the Indianwood Drivel 
Onondaga Circle Area................................. 165 
Alternative Plan No. DD-8a-

Storm Sewer Conveyance 
and Stormwater Pumping.............. ........... 165 

Alternative Plan No. DD-8b-
Storm Sewer Conveyance, 
and Overflow Swale................................. 166 

Alternative Plan No. DD-8c-
Storm Sewer Conveyance 
and Building Acquisition......................... 166 

Evaluation of Alternative 
Storm water Drainage 
Plans in the Indianwood Drivel 
Onondaga Circle Area ...................... ....... 169 

Preliminary Recommended 
Storm water Drainage Plan for the 
Indianwood DrivelOnondaga Circle 
Portion of Hydrologic Unit DD-8 ...... ...... 169 

Stormwater Drainage Plan for the 
Victoria Circle North Area.......................... 169 
Alternative Plan No. DD-8d-

Storm Sewer and Swale Conveyance 
with Structure Floodproofing................... 170 

Alternative Plan No. DD-8e-
Storm Sewer Conveyance and 
Structure Floodproofing........................... 170 

Evaluation of Alternative 
Stormwater Drainage Plans in the 
Victoria Circle North Area ..................... 171 

Preliminary Recommended 
Storm water Drainage Plan for the 
Victoria Circle North Portion 
of Hydrologic Unit DD-8......................... 171 

Hydrologic Unit DD-9...................................... 171 
Description and Evaluation of the 

Storm water Management System ...... ......... 171 
Alternative Storm water Drainage Plans........ 173 
Preliminary Recommended Stormwater 

Drainage Plan for Hydrologic Unit DD-9... 175 
Hydrologic Unit UC-l...................................... 175 

Description and Evaluation of the 
Stormwater Management System ............... 175 

Alternative Stormwater Drainage Plans........ 175 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-l................................. 175 



Page 

Hydrologic Unit UC-2 ...................................... 177 
Description and Evaluation of the 

Storm water Management System................ 177 
Alternative Storm water Drainage Plans........ 179 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-2 ................................. 180 

Hydrologic Unit UC-3 ...................................... 180 
Description and Evaluation of the 

Storm water Management System................ 180 
Hydrologic Unit UC-4 ...................................... 180 

Description and Evaluation of the 
Stormwater Management System ................ 180 

Alternative Stormwater Drainage Plans ........ 180 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-4................................. 180 

Hydrologic Unit UC-5 ...................................... 182 
Description and Evaluation of the 

Storm water Management System................ 182 
Alternative Stormwater Drainage Plans ........ 184 
Preliminary Recommended 

Stormwater Drainage Plan for 
Hydrologic Unit UC-5 ................................. 184 

Hydrologic Unit UC-6 ...................................... 184 
Description and Evaluation of the 

Stormwater Management System................ 184 
Alternative Storm water Drainage Plans........ 187 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-6 ................................. 187 

Hydrologic Unit UC-7 ...................................... 188 
Description and Evaluation of the 

Storm water Management System................ 188 
Alternative Stormwater Drainage Plans ........ 188 
Preliminary Recommended 

Stormwater Drainage Plan for 
Hydrologic Unit UC-7................................. 189 

Hydrologic Unit UC-8 ...................................... 193 
Description and Evaluation of the 

Storm water Management System................ 193 
Alternative Stormwater Drainage Plans........ 193 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-8 ................................. 193 

Hydrologic Unit UC-9 ...................................... 194 
Description and Evaluation of the 

Stormwater Management System................ 194 
Alternative Storm water Drainage Plans ........ 198 

vii 

Preliminary Recommended 
Storm water Drainage Plan for 

Page 

Hydrologic Unit UC-9................................. 198 
Hydrologic Unit UC-lO .......................... ...... .... 198 

Description and Evaluation of the 
Stormwater Management System ............... 198 

Alternative Storm water Drainage Plans.. ...... 199 
Alternative Plan No. UC-l Oa 

Culvert Conveyance................ ......... ........ 199 
Alternative Plan No. UC-I0b-

Detention Storage ........................ ...... ...... 202 
Alternative Plan No. UC-I Oc-

Structure Floodproofing............... ......... ... 202 
Evaluation of Alternative 

Storm water Drainage Plans ........ ....... ...... 202 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-l 0................... ........ 204 

Hydrologic Unit UC-ll.................... ...... .... ...... 204 
Description and Evaluation of the 

Storm water Management System ............... 204 
Alternative Storm water Drainage Plans. ... .... 204 

Alternative Plan No. UC-Ila-
Culvert and Swale Conveyance ...... ...... ... 204 

Alternative Plan No. UC-l1 b-
Detention Storage .................................... 206 

Evaluation of Alternative 
Storm water Drainage Plans ... ...... ... ...... ... 206 

Preliminary Recommended 
Storm water Drainage Plan for 
Hydrologic Unit UC-II ........................... 208 

Hydrologic Unit UC-13 ..................... .......... ..... 208 
Description and Evaluation of the 

Storm water Management System ....... ........ 208 
Alternative Storm water Drainage Plans........ 211 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-B............................... 211 

Hydrologic Unit UC-14 .................................... 211 
Description and Evaluation of the 

Stormwater Management System ............... 211 
Alternative Storm water Drainage Plans........ 211 
Preliminary Recommended 

Storm water Drainage Plan for 
Hydrologic Unit UC-14 ............................... 213 

Hydrologic Unit UC-16.................................... 213 
Description and Evaluation of the 
Storm water Management System .......... ..... 213 

Plan Recommendations................ ......... ........ 215 



Additional Alternative Storm water 
Drainage Plans Evaluated 

Page 

by the Village of Elm Grove........................... 215 

Chapter VI-RECOMMENDED 
STORMWATER AND FLOODLAND 
MANAGEMENT PLAN.................................. 217 

Introduction.......................................................... 217 
Recommended Stormwater 
Management Plan............................................... 217 
Water Detention Ponds..................................... 217 
Additional Measures for the Control 
of Non point Source Pollution ......................... 244 

Recommended Storm water 
Drainage Measures..................... .................... 244 

Storm water Management Plan Costs................ 245 
Local Action on Storm water 

Drainage Recommendations ........................... 245 
Recommended Floodland Management Plan ...... 245 

Reduction in Flooding ReSUlting from 
Implementation ofthe Recommended Plan.... 245 

Components of the Recommended 
Floodland Management Plan .......................... 247 

Potential Wetland Impacts................................ 251 
Cost of Recommended Floodland 

Management Element........ ............................. 254 
Local Action on Floodland 

Management Recommendations..................... 254 
1 00-Year Recurrence Interval Flood Profile.... 254 
Comparison to the Federal 

Flood Insurance Study.................................... 256 
Total cost of the Recommended Plan .................. 256 
Auxiliary Plan Recommendations ....................... 256 

Natural Resources and 
Open Space Preservation ................................ 256 

Surveys of Buildings in and Near 
the 100-Year Floodplain ................................. 256 

Floodplain Map Revisions................................ 256 
Maintenance of Storm water 
Management Facilities.................................... 257 

Consideration of Flooding Conditions in the 
Vicinity of Clearwater Drive and Pomona 
Road in the City of Brookfield........................... 257 

viii 

Page 

Measures to Reduce Flooding 
During a 100-Year Event ............................... 257 

Measures to Reduce Flooding 
During a to-Year Event ................................. 258 

Public Review and 
Comment on the Plan ........................................ 258 
Public Meetings ................................................ 258 
Task Force Consideration of the 

Preliminary Draft Plan............................. ....... 259 
Agency Review of the 

Preliminary Draft Plan.................................... 259 
Public Comments on the 

Preliminary Draft Plan.......................... .......... 260 
Local Adoption of the 
Preliminary Draft Plan.................................... 260 

Chapter VII-PLAN 
IMPLEMENTATION ..................................... 261 

Introduction........ .......... ........ ............................... 261 
Relation to Future Land Use Development......... 261 
Relation of Detailed Engineering 

Design to System Planning.................... ............ 261 
Plan Implementation....................... ..................... 262 

Plan Adoption................................................... 262 
Implementation Procedures.............................. 262 
Financing.......................................................... 263 
Possible Funding through the 

State and Federal Programs............................ 264 
Schedule for Financing and 

Implementation of the Plan................................ 265 
Possible Apportionment of Costs 

between the City of Brookfield, the 
Village of Elm Grove, 
and the Private Sector..................................... 265 

Prioritization of Capital Improvements............ 268 
Critical Implementation Sequences.................. 268 

Regulatory Considerations .................................. 268 
Plan Reevaluation and Updating ......................... 270 

Chapter VIII-SUMMARy ............................. 271 
Description of the Recommended Plan ............... 271 
Total Cost of the Recommended Plan ................. 273 

1 



LIST OF APPENDICES 

Appendix Page 

A Cost Data for Storm water Management Measures for 
the Dousman Ditch and Underwood Creek Subwatersheds 
in the City of Brookfield and the Village of Elm Grove.................................................................. 279 

Table A-I 
Table A-2 
Table A-3 
Table A-4 
Table A-5 

Table A-6 
Table A-7 
Table A-8 
Table A-9 
Table A-I0 

Figure A-I 
Figure A-2 
Figure A-3 
Figure A-4 
Figure A-5 
Figure A-6 

Miscellaneous Unit Costs .......................................................................................... . 
Unit Costs for Concrete Box Culverts ...................................................................... .. 
Unit Costs for Corrugated Metal Pipe Arches .......................................................... .. 
Unit Costs for Structural Plate Pipe Arches .............................................................. .. 
Unit Costs for Reinforced Concrete Pipe Arch (RCPA) 
and Horizontal Elliptical (HE) Storm Sewers ............................................................ . 
Unit Costs for Roadway Bridge Removal and Replacement.. ................................... . 
Unit Costs for Railway Bridge Removal and Replacement.. .................................... . 
Structure Floodproofing Costs ................................................................................... . 
Single-family Home Elevation Costs. ........................................................................ . 
Building Demolition and Removal Costs .................................................................. . 

Dry Detention Basin Cost Curve ............................................................................... . 
Reinforced Concrete Pipe Cost Curves ...................................................................... . 
Corrugated Metal Pipe Cost Curves ......................................................................... .. 
Structural Plate Pipe Cost Curves .............................................................................. . 
Reinforced Concrete Pipe Storm Sewer Cost Curves ................................................ . 
Pumping Station Cost Curves .................................................................................... . 

B Consideration of the Effect of the Village Park Berm 

280 
280 
281 
281 

281 
281 
282 
282 
282 
282 

279 
279 
279 
279 
280 
280 

on Flood Stage Elevations along Legion Drive ..................................................................... .......... 283 

Table B-1 Comparison of Flood Stages with and Without the Existing 
Berm along Underwood Creek in the Elm Grove Village Park.................................. 285 

Map B-1 Location of Berm in Elm Grove Village Park............................................................ 284 

C Local Officials and Underwood Creek Flooding Task Force Members.......................................... 287 

D Consideration of Frequency and Duration of Flooding 
at Proposed Bluemound Road Golf Range Development................................................................ 289 

Table 0-1 Number and Average Duration of Simulated Flooding Occurrences 
at the Proposed Bluemound Golf Range Development.............................................. 290 

Map D-l Location of Proposed Bluemound Road Golf Range.................................................. 292 

E Minutes of September 15, 1999, Meeting of the 
Full Underwood Creek Flooding Task Force .................................................................................. 293 

F Minutes of September 23, 1999, Meeting of the City of Brookfield 
Subcommittee of the Underwood Creek Flooding Task Force........................................................ 299 

ix 



Appendix Page 

G Minutes of October 13, 1999, Public Informational Meeting 
Sponsored by the Village of Elm Grove Subcommittee 
of the Underwood Creek Flooding Task Force................................................................................ 301 

H Wisconsin Department of Natural Resources Review ofthe Preliminary 
Draft Plan and Regional Planning Commission Staff Response......................................... ............ 305 

I Evaluation of Downstream Effects of Plan Implementation 
as Requested by the City of wauwatosa.......................................................................................... 311 

J Elm Grove Village Board Resolution of Adoption.............................................................. ...... ...... 313 

K Establishment of a Stormwater Utility............................................................................................. 315 

L Flood Hazard Mitigation Funding Sources...................................................................................... 317 

LIST OF TABLES 

Table Page 

Chapter II 

Existing and Probable Future Land Use in the Dousman Ditch 
and Underwood Creek Subwatersheds: 1990 and Buildout............................................................. 14 

2 Historic and Probable Future Resident Population Levels for the Southeastern Wisconsin 
Region, Waukesha County, and the Dousman Ditch and Underwood Creek Subwatersheds............. 16 

3 Range of Surface Imperviousness for Land Use and Land Cover Conditions................................. 17 
4 Average Monthly Air Temperature At Milwaukee: 1951 through 1985.............................................. 18 
5 Average Monthly Total Precipitation and Snow and Sleet At Milwaukee: 1951 through 1985.......... 18 
6 Extreme Precipitation Events for Selected Long-Term Stations 

near the Dousman Ditch and Underwood Creek Subwatersheds..................................................... 19 
7 Structure Information for Underwood Creek, Dousman Ditch, and Tributaries........................ ...... 28 
8 Priority Pollutants Detected in More than 10 Percent of Urban 

Storm water Runoff Samples Tested throughout the United States: 1983................................... ..... 34 
9 Selected Toxic Substances Frequently Detected in 

Residential and Industrial Land Storm water Runoff....................................................................... 35 
10 Potential Sources of Selected Toxic Substances Found in Urban Runoff............................................ 36 
11 Fishery Resources in Underwood Creek: 1984 through 1994......................................................... 40 

12 

13 

14 
15 
16 

Chapter III 

Objectives and Standards for Storm water and Floodland Management 
in the Dousman Ditch and Underwood Creek Subwatersheds 
in the City of Brookfield and the Village of Elm Grove ................................................................. . 
Recommended Water Use Objectives and Water Quality Standards for 
Streams within the Dousman Ditch and Underwood Creek Subwatersheds ................................. .. 
Acute and Chronic Toxicity Criteria ............................................................................................... . 
Lowest and Severe Effect Levels of Contaminants Present in Sediments in Wisconsin ............... .. 
Point Rainfall Intensity-Duration-Frequency Data for Milwaukee, Wisconsin ............................ .. 

x 

44 

49 
50 
51 
52 



Table 

Chapter IV 

17 Point Rainfall Intensity-Duration-Frequency Equations for the Dousman 
Ditch and Underwood Creek Subwatersheds Study Area and the Region ..................................... . 

18 Annual Nonpoint Source Pollutant Loadings to Underwood Creek and Dousman Ditch 
under Existing (1990) and Planned Buildout Land Use Conditions with Existing Controls .......... . 

19 Annual Unit Area Loadings of Non point Source Pollutants Existing (1990) 
and Planned Buildout Land Use Conditions with Existing Controls .............................................. . 

20 Annual Total Nonpoint Source Loadings to Dousman Ditch and 
Underwood Creek under Alternative Water Quality Management Plans ...................................... .. 

21 Principal Features and Costs of Alternative Water Quality Management 
Plans for the Dousman Ditch and Underwood Creek Subwatersheds 
in the City of Brookfield and the Village of Elm Grove ................................................................ .. 

22 Reduction in Nonpoint Source Pollutant Loadings ........................................................................ .. 

Chapter V 

23 Potential Flooding Along Underwood Creek in the City of Brookfield and the 

Page 

54 

72 

73 

78 

81 
82 

Village of Elm Grove: Planned Land Use, Existing Channel Conditions ....................................... 101 
24 Principal Features and Costs of Alternative Flood Control Management and 

Associated Nonpoint Source Pollution Control Plans for Underwood 
Creek in the City of Brookfield and the Village of Elm Grove ............ ........................................... 106 

25 Reductions in Nonpoint Source Pollution Loads Due to 
Implementation of Alternative Plan Nos. 3, 10, and 11................................................................... 140 

26 Reductions in Nonpoint Source Pollution Loads Due to 
Implementation of Alternative Plan Nos. 4 and 9............................................................................ 140 

27 Reductions in Nonpoint Source Pollution Loads Due to 
Implementation of Alternative Plan Nos. 5 through 8..................................................................... 141 

28 Comparison of Decision Factors in the Evaluation Alternative Floodland 
Management Control and Associated Nonpoint Source Pollution Control Plans 
for Underwood Creek in the City of Brookfield and the Village of Elm Grove.................. ...... ...... 146 

29 Possible Ranges of Capital Costs for Selected Floodland Management Alternative Plans........ ..... 149 
30 Components and Costs of the Culvert and Storm Sewer Conveyance 

Storm water Drainage Plan for Hydrologic Unit 00-2.................................................................... 154 
31 Components and Costs of the Culvert, Roadside Swale, and Storm Sewer Conveyance 

Alternative Plan for Hydrologic Unit 00-5 (Alternative Plan No. DD-5a).................................... 157 
32 Components and Costs of the Stormwater Pumping Alternative 

Plan for Hydrologic Unit 00-5 (Alternative Plan No. DD-5b )....................................................... 159 
33 Components and Costs of the Storm Sewer Conveyance Plan for Hydrologic Unit 00-7............. 163 
34 Components and Costs of the Storm Sewer Conveyance and Stormwater Pumping Plan for 

the Indianwood/Onondaga Area of Hydrologic Unit 00-8 (Alternative Plan No. DD-8a)............ 166 
35 Components and Costs of the Storm Sewer Conveyance and 

Building Acquisition Alternative Plan for the Indianwood/Onondaga 
Area of Hydrologic Unit 00-8 (Alternative Plan No. DD-8c )........................................................ 169 

36 Components and Costs of the Storm Sewer and Swale Conveyance 
with Structure Floodproofing Plan for the Victoria Circle North 
Area of Hydrologic Unit 00-8 (Alternative Plan No. DD-8d) ....................................................... 171 

37 Components and Costs of the Storm Sewer Conveyance and Structure 
Floodproofing Storm water Drainage Plan for the Victoria Circle 
North Area of Hydrologic Unit DD-8 (Alternative Plan No. DD-8e)............................................. 173 

xi 



Table 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 
59 

Page 

Components and Costs of the Preliminary Recommended Storm Sewer and 
Culvert Conveyance Storm water Drainage Plan for Hydrologic Unit DD-9................................... 177 
Components and Costs of the Storm Sewer and Culvert Conveyance 
Stormwater Drainage Plan for Hydrologic Unit UC-l .................................................................... 179 
Components and Costs of the Culvert Conveyance 
Stormwater Drainage Pian for Hydrologic Unit UC-2 .................................................................... 182 
Components and Costs of the Storm Sewer Conveyance 
Stormwater Drainage Plan for Hydrologic Unit UC-4 .................................................................... 184 
Components and Costs of the Storm Sewer Conveyance 
Stormwater Drainage Plan for Hydrologic Unit UC-5 .................................................................... 186 
Components and Costs of the Storm Sewer Conveyance 
Storm water Drainage Plan for Hydrologic Unit UC-6 .................................................................... 191 
Components and Costs of the Storm water Conveyance 
and Pumping Drainage Plan for Hydrologic Unit UC-7 ............................................................. ..... 195 
Components and Costs of the Storm Sewer and Culvert Conveyance 
Storm water Drainage Plan for Hydrologic Unit UC-8 .................................................................... 197 
Components and Costs of Storm Sewer and Culvert Conveyance 
Stormwater Drainage Plan for Hydrologic Unit UC-9 .................................................................... 201 
Components and Costs ofthe Culvert Conveyance Alternative Storm water 
Drainage Plan for Hydrologic Unit UC-l 0 (Alternative Plan No. UC-l Oa).................................... 202 
Components and Costs of the Structure Floodproofing Storm water 
Drainage Plan for Hydrologic Unit UC-l 0 (Alternative Plan No. UC-l Oc )................................ .... 206 
Components and Costs of the Culvert and Swale Conveyance Stormwater 
Drainage Plan for Hydrologic Unit UC-ll (Alternative Plan No. UC-lla).................................... 208 
Components and Costs of the Detention Storage and 
Culvert and Swale Conveyance Storm water Drainage 
Plan for Hydrologic Unit UC-ll (Alternative Plan No. UC-lIb)................................................... 210 
Components and Costs of the Culvert Conveyance 
Storm water Drainage Plan for Hydrologic Unit UC-13 ................................................. ,,:.............. 213 
Components and Costs of the Culvert Conveyance 
Stormwater Drainage Plan for Hydrologic Unit UC-14 .................................................................. 215 

Chapter VI 

Components and Costs of the Recommended Storm water and Floodland 
Management Plan for the Dousman Ditch and Underwood Creek Subwatersheds 
in the City of Brookfield and the Village of Elm Grove.................................................................. 218 
Buildings along Underwood Creek That Are within the 100-Year 
Recurrence Interval Floodplain in the Village of Elm Grove.......................................................... 248 
Buildings along Underwood Creek That Are within the 100-Year 
Recurrence Interval Floodplain in the City of Brookfield........................................... .................... 249 
Buildings in the Village of Elm Grove to Be Floodproofed 
under the Recommended Flood Control Plan.................................................................................. 251 
Buildings in the City of Brookfield to Be Floodproofed 
under the Recommended Flood Control Plan .................................................................................. 251 
Comparison of 100-Year Recurrence Interval Flood Flows for Underwood Creek........................ 255 
Comparison of 100-Year Recurrence Interval Flood Flows for Dousman Ditch ............................ 255 

xii 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



Table Page 

Chapter VII 

60 Design Criteria and Procedures Recommended to Be 
Followed in Detailed Engineering Design of the Recommended 
Storm water and Floodland Management Components ....................................................... '" ... ... .... 263 

61 Assignment of Local Public-Sector and Private-Sector Capital Costs 
of the Recommended Plan Element for the Dousman Ditch 
and Underwood Creek Subwatersheds ............................................................................................ 266 

62 Possible Apportionment of Total City of Brookfield and Village of Elm Grove, 
Costs for the Recommended Storm water and Floodland Management Plan 
for the Dousman Ditch and Underwood Creek Subwatersheds....................................................... 267 

63 Prioritization of Recommended Projects for the 
Dousman Ditch and Underwood Creek Subwatersheds .................................................................. 269 

Chapter VIII 

64 Summary of Major Identified Storm water Drainage and Floodland 

Figure 

2 
3 

4 
5 
6 
7 
8 
9 

Management Problems and Recommended Solutions to Those Problems...................................... 274 

LIST OF FIGURES 

Chapter II 

Comparison of Historical, Existing, and Forecast Population Trends 
for the Southeastern Wisconsin Region, Waukesha County, and the 

Page 

Dousman Ditch and Underwood Creek Subwatersheds ...................................................... ............ 16 

Chapter III 

Point Rainfall Intensity-Duration-Frequency Curves for Milwaukee, Wisconsin .......................... . 
Point Rainfall Depth-Duration-Frequency Relationships in 
the Dousman Ditch and Underwood Creek Subwatersheds ........................................................... . 

First Quartile Storm Median Time Distribution ............................................................................. . 
Design Storm Pattern for to-Year Recurrence Interval, One-Hour Storm ..................................... . 
Design Storm Pattern for 100-Year Recurrence Interval, One-Hour Storm ................................... . 
Manning's "n" for Vegetation-Lined Channels for Various Retardance Levels ............................ . 
Culvert Hydraulic Conditions ......................................................................................................... . 
Typical Culvert Installations to Provide for Fish Passage .............................................................. . 

Chapter VI 

53 

54 

56 
56 
56 
60 
61 
62 

10 Typical Cross-Section of Existing Underwood Creek Channel 
and Proposed Overflow Channel from River Mile 4.42 to 4.64 ...................................................... 252 

11 Typical Cross-Section of Existing Underwood Creek Channel 
and Proposed Overflow Channel from River Mile 4.26 to 4.42 ...................................................... 252 

12 Typical Cross-Section of Existing Underwood Creek Channel and 
Proposed Overflow Channel from River Mile 3.68 to 3.82 and 4.16 to 4.26.................................. 253 

xiii 



Figure Page 

13 Typical Cross-Section of Existing Underwood Creek Channel 

Map 

2 

3 

4 
5 

6 
7 

8 

and Proposed Overflow Channel from River Mile 3.97 to 4.16...................................................... 253 

LIST OF MAPS 

Page 

Chapter I 

Study Area for Stormwater and Floodland Management System Plans for the Dousman Ditch 
and Underwood Creek Subwatersheds: City of Brookfield and Village of Elm Grove .................. 2 

Chapter II 

Existing Land Use in the Dousman Ditch and Underwood Creek Subwatersheds 
in the City of Brookfield and the Village of Elm Grove ................................................................ .. 
Planned Buildout Land Use for the Dousman Ditch and Underwood Creek 
Subwatersheds in the City of Brookfield and the Village Of Elm Grove ...................................... .. 
Hydrologic Soil Groups in the Dousman Ditch and Underwood Creek Study Area ...................... . 
Selected Characteristics of the Surface Water Drainage System in the Dousman Ditch and 
Underwood Creek Subwatersheds in the City of Brookfield and Village of Elm Grove: 1996 .... " 
Status of Stream Navigability Determinations in the Study Area: 1999. ........................................ . 
Existing Generalized Storm water Drainage and Flooding Problem Areas 
in the Underwood Creek and Dousman Ditch Subwatersheds in the 
City of Brookfield and the Village of Elm Grove .......................................................................... .. 

Chapter III 

Recommended Water Use Objectives for Dousman Ditch and Underwood 
Creek in the City of Brookfield and the Village of Elm Grove ..................................................... .. 

Chapter IV 

12 

13 
21 

23 
26 

31 

48 

9 Critical Land Uses for Control of Non point Source Pollution ......................................................... · 71 
10 Water Quality Alternative Plan No. I-Dousman Ditch Detention 

Basin with Increased Street Sweeping in Critical Areas.................................................................. 77 
11 Water Quality Alternative Plan No.2-Dousman Ditch Detention 

Basin with Additional Increased Street Sweeping in Critical Areas................................................ 79 

Chapter V 

12 Subbasins Within the Dousman Ditch and Underwood Creek 
Subwatersheds in the City of Brookfield and the Village of Elm Grove......................................... 85 

13 August 6, 1998: Storm water Flooding and Sewage Backup-Village of Elm Grove..................... 90 
14 August 6, 1998: Water into Basement and Ponding 

Next to Foundation-Village of Elm Grove.................................................................................... 91 
15 August 6, 1998: Sump Pump Operating and Sump Pump Overflow-Village of Elm Grove........ 92 
16 August 6, 1998: Power Out and Basement Flooding-Village of Elm Grove................................ 93 
17 August 6, 1998: Number of Times Flooded-Village of Elm Grove.............................................. 94 
18 Areas Tributary to Wet Detention Basin along Dousman Ditch...................................................... 104 

xiv 



Map Page 

19 Alternative Floodland Management Plan No. I-Structure 
Floodproofing, Elevation, and Removal.......................................................................................... 105 

20 Alternative Plan No.3-Limited Detention Storage....................................................................... 116 
21 Alternative Plan No.4-Detention Storage with Excavation 

Minimized and No Wetland Disturbance......................................................................................... 118 
22 Alternative Plan No.5-Expanded Detention Storage with Excavation Minimized...................... 120 
23 Alternative Plan No. 6---Expanded Detention Storage with Excavation Maximized..................... 123 
24 Alternative Plan No.7-Expanded Two-Basin 

Detention Storage with Excavation Minimized............................................ ........... ........................ 125 
25 Alternative Plan No.8-Expanded Two-Basin 

Detention Storage with Excavation Maximized .............................................................................. 128 
26 Alternative Plan No. 9-Two-Basin Detention Storage with 

Excavation Minimized and No Wetland Disturbance...................................................................... 131 
27 Alternative Floodland Management Plan No. IO-Limited Dousman Ditch 

Detention Storage, Maximum On-Line Storage, Bridge and Culvert 
Modification, and Structure Floodproofing, Elevation, and RemovaL.......................................... 133 

28 Alternative Floodland Management Plan No. II-Limited Dousman Ditch 
Detention Storage, Underwood Creek Overflow Channel and Diversion, 
and Compensating Storage with Structure Floodproofing and RemovaL............................ .......... 136 

29 Preliminary Recommended Plan for Hydrologic 
Unit DD-2-Storm Sewer and Culvert Conveyance ....................................................................... 153 

30 Alternative Plan DD-5a--Culvert, Roadside Swale, and Storm Sewer Conveyance...................... 158 
31 Alternative Plan DD-5b--Stormwater Pumping ............................................................................. 160 
32 Alternative Plan DD-5c-Structure Acquisition and RemovaL..................................................... 162 
33 Preliminary Recommended Storm water Drainage Plan for Hydrologic Unit 00-7........................ 164 
34 Alternative Plan No. DD-8a-Storm Sewer Conveyance 

and Storm water Pumping in the Indianwood/Onondaga Area .................. .................... .... ....... ....... 167 
35 Alternative Plan No. DD-8c-Storm Sewer Conveyance and 

Building Acquisition in the IndianwoodiOnondaga Area....................................................... ........ 168 
36 Alternative Plan No. DD-8d-Storm Sewer and Swale Conveyance 

with Structure Floodproofing in the Victoria Circle North Area....................................... .... ......... 172 
37 Alternative Plan No. DD-8e-Storm Sewer Conveyance and 

Structure Floodproofing in the Victoria Circle North Area............................................................. 174 
38 Preliminary Recommended Plan for Hydrologic 

Unit DD-9-Storm Sewer and Culvert Conveyance....................................................................... 176 
39 Preliminary Recommended Plan for Hydrologic 

Unit UC-I-Storm Sewer and Culvert Conveyance ....................................................................... 178 
40 Preliminary Recommended Plan for Hydrologic Unit UC-2--Culvert Conveyance...................... 181 
41 Preliminary Recommended Plan for Hydrologic Unit UC-4-Storm Sewer Conveyance.............. 183 
42 Preliminary Recommended Plan for Hydrologic Unit UC-5-Storm Sewer Conveyance.............. 185 
43 Preliminary Recommended Plan for Hydrologic Unit UC-6-Storm Sewer Conveyance.............. 190 
44 Preliminary Recommended Plan for Hydrologic 

Unit UC-7-Storm Sewer Conveyance and Pumping..................................................................... 192 
45 Preliminary Recommended Plan for Hydrologic 

Unit UC-8-Storm Sewer and Culvert Conveyance ....................................................................... 196 
46 Preliminary Recommended Plan for Hydrologic 

Unit UC-9-Storm Sewer and Culvert Conveyance ....................................................................... 200 
47 Alternative Plan No. UC-l Oa--Culvert Conveyance ...................................................................... 203 
48 Alternative Plan No. UC-l Oc-Structure Floodproofing ................................................................ 205 
49 Alternative Plan No. UC-Il a--Culvert and Swale Conveyance........................ ............................. 207 
50 Alternative Plan No. UC-Il b--Detention Storage.......................................................................... 209 

xv 



Map Page 

51 Preliminary Recommended Culvert Conveyance Plan for Hydrologic Unit UC-13 ....................... 212 
52 Preliminary Recommended Culvert Conveyance Plan for Hydrologic Unit UC-14. .............. ........ 214 

CbapterVI 

53 Recommended Stormwater Management Plan for the 
Dousman Ditch and Underwood Creek Subwatersheds in the 
City of Brookfield and the Village of Elm Grove............................................................................ 227 

54 Recommended Management Plan along Dousman Ditch-Limited 
Dousman Ditch Detention Storage, Underwood Creek Overflow Channel and 
Diversion, and Compensating Storage with Structure Floodproofing and RemovaL.... .......... ...... 246 

55 Recommended Floodland Management Plan along Underwood Creek-Limited 
Dousman Ditch Detention Storage, Underwood Creek Overflow Channel, and 
Diversion, and Compensating Storage with Structure Floodproofing and RemovaL................. ..... 250 

xvi 



Chapter I 

INTRODUCTION 

This report presents the major findings and recom
mendations of a storm water and flood land management 
planning program for the Dousman Ditch and Under
wood Creek subwatersheds of the Menomonee River 
watershed in the City of Brookfield and the Village of 
Elm Grove (see Map 1). The report describes the 
existing storm water management system and the 
existing storm water management and flooding problems 
of the study area, and identifies the causes of these 
problems; describes existing and planned future land use 
conditions and identifies related stormwater manage
ment requirements; provides a set of objectives and 
supporting standards to guide the development of 
an effective storm water and floodland management 
system for the area; presents alternative storm water and 
flood land management system plans for the Dousman 
Ditch and Underwood Creek subwatersheds; provides 
a comparative evaluation of the technical, economic, 
and environmental features ofthese plans; recommends 
a cost-effective stormwater and flood land management 
plan for the two subwatersheds; and sets forth a plan 
implementation program. 

STUDY BACKGROUND 

The City of Brookfield and the Village of Elm Grove 
are located in the northeastern quadrant of Waukesha 
County. The subcontinental divide between the Lake 
Michigan and Mississippi River basins traverses the 
City of Brookfield in the manner shown on Map 1. 
Thus, about the eastern one-half of the City lies within 
the Menomonee River watershed and drains to Lake 
Michigan, and the western one-half of the City lies 
within the Fox River watershed and drains to the 
Mississippi River system. The entire Village of Elm 
Grove lies within the Menomonee River watershed. As 
shown on Map 1, approximately 7.3 square miles of the 
east-central portion of the City of Brookfield and 3.5 
square miles of the Village of Elm Grove are included 
in the study area comprised of the Dousman Ditch and 
Underwood Creek subwatersheds. 

In 1980, the resident population of the Dousman Ditch 
and Underwood Creek subwatersheds within the City 
and the ViIJage was approximately 17,500 persons. By 
1990, the population had decreased 5 percent to approxi-

mately 16,600 persons, a decrease of about 900 persons 
from the 1980 level. The projected year 2010 population 
of this same area is expected to remain at the 1990 level. 
Although the 1990 and 2010 populations of the sub
watersheds have decreased in comparison to 1980 due 
to declining average household sizes, residential land 
and housing units increased by about 3 percent from 
1980 to 1990, and it is planned that the amount of land 
in residential uses will increase an additional 4 percent 
between 1990 and 2010. In 1980 total employment in 
the Dousman Ditch and Underwood Creek sub
watersheds within the City and the Village was 
approximately 15,800 persons. By 1990 total employ
ment had increased 35 percent to approximately 21,300 
persons, an increase of about 5,500 persons over the 
1980 level. The projected year 2010 employment in this 
same area is approximately 27,400 persons, an increase 
of about 6,100 persons, or about 22 percent, over the 
1990 level. To accommodate the projected increase in 
employment and to meet the demand for residential 
land, urban land use within the subwatersheds may be 
expected to increase from a total of about 7.0 square 
miles in 1990, to about 7.7 square miles by 20lO-an 
increase of about 0.7 square miles, or about 10 percent, 
over the 1990 level. The planned year 2010 land use 
condition essentially represents the full development 
condition for the subwatersheds. 

In the absence of adequate planning, the conversion of 
land from rural to urban use may be expected to 
aggravate existing and create new storm water manage
ment and floodland problems. In recognition of the 
need for a systematic plan to address existing problems 
and to avoid the creation of new problems, a joint 
resolution requesting that the Southeastern Wisconsin 
Regional Planning Commission assist the City of 
Brookfield and the Village of Elm Grove in the 
preparation of a storm water and floodland management 
plan for the Dousman Ditch and Underwood Creek 
subwatersheds was adopted by the City on February 20, 
1996, and by the Village on March II, 1996. The 
planning work was jointly funded by the City and 
the Village with the aid of a Wisconsin Nonpoint 
Source Water Pollution Abatement Program local assist
ance grant from the Wisconsin Department of Natural 
Resources (DNR). 
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The purpose of this report is to present the resulting 
storm water and flood land management plan. The plan 
seeks to promote the development of an effective 
stormwater and floodland management system, adequate 
to serve the City and the Village under full development 
conditions. To the extent practicable, the plan is 
intended to ameliorate existing storm water management 
problems, to avoid the creation of new storm water 
management problems as the area continues to develop, 
to mitigate the effects of nonpoint source pollution on 
surface water quality, and to help reduce flooding. More 
specifically, this report: 

1. Describes the existing storm water and flood1and 
management system and the existing problems in 
the study area and identifies the causes of 
these problems; 

2. Describes existing and planned land use condi
tions and identifies related stormwater and 
floodland management requirements; 

3. Provides a set of objectives and supporting stand
ards to guide the development of an effective 
storm water and flood land management system; 

4. Presents alternative storm water and floodland 
management plans; 

5. Provides a comparative evaluation of the techni
cal, economic, and environmental features of the 
alternative plans; 

6. Recommends a cost-effective storm water and 
floodland management plan for the Dousman 
Ditch and Underwood Creek subwatersheds 
consisting of various structural and nonstructural 
measures; and 

7. Identifies the responsibilities of, and actions 
required by, the various governmental units 
and agencies that will implement the recom
mended plan. 

This report was prepared by the staff of the Southeastern 
Wisconsin Regional Planning Commission with 
assistance from Ruekert & Mielke, Inc., as a sub
contractor to the Commission, and in cooperation 
with the staffs of the City of Brookfield, the Village 
of Elm Grove, and the Wisconsin DNR. The recom
mended plan, as presented herein, is properly set 
within the context of broad flood control and water 

quality management plans for the Menomonee River 
watershed.' The findings and recommendations of urban 
nonpoint source pollution control studies conducted by 
the DNR as part of the Menomonee River Priority 
Watersheds Program are also reflected in the alternative 
stormwater management plans and the recommended 
plan presented in this report? The portions of the 
stormwater management plan relating to the City of 
Brookfield were prepared within the context of the City 

'See SEWRPC Planning Report No. 26, A Compre
hensive Plan for the Menomonee River Watershed, 
Volume One, Inventory Findings and Forecasts, October 
1976, and Volume Two, Alternative Plans and Recom
mended Plan, October 1976; SEWRPC Planning Report 
No. 30, A Regional Water Quality Management Plan for 
Southeastern Wisconsin: 2000, Volume One, Inventory 
Findings, September 1978, Volume Two, Alternative 
Plans, February 1979, and Volume Three, Recom
mended Plan, June 1979; SEWRPC Community Assist
ance Planning Report No. 152 (CAPR No. 152), A 
Stormwater Drainage and Flood Control System Plan 
for the Milwaukee Metropolitan Sewerage District, 
December 1990; and SEWRPC Memorandum Report 
No. 93, A Regional Water Quality Management Plan for 
Southeastern Wisconsin: An Update and Status Report, 
March 1995. The Menomonee River watershed plan has 
beenformally adopted by the Wisconsin Department of 
Natural Resources and Waukesha County, as well as by 
the Regional Planning Commission. The regional water 
quality management plan has been adopted by the 
Wisconsin Department of Natural Resources, Waukesha 
County, and the Commission. In addition to the plans 
listed above, a flood land management planning effort to 
update the delineation and mapping of floodlands in 
the City of Broolifield and the Village of Elm Grove was 
conducted by those communities and the Commission 
concurrently with the preparation of the storm water 
management plan for the Underwood Creek and 
Dousman Ditch subwatersheds. In those sub watersheds, 
that planning effort was based primarily on the analyses 
conducted under SEWRPC CAPR No. 152. 

2See A Nonpoint Source Control Plan for the Meno
monee River Priority Watershed Project, Wisconsin 
Department of Natural Resources and Wisconsin 
Department of Agriculture, Trade, and Consumer 
Protection in cooperation with the Ozaukee, Wash
ington' and Waukesha County Land Conservation 
Departments and the Menomonee River Advisory 
Subcommittee, March 1992. 
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storm water management guide which was adopted by 
the Brookfield Common Council.3 

DISTINCTIONS BETWEEN 
STORMWATER DRAINAGE, 
STORMWATER MANAGEMENT, 
AND FLOOD CONTROL 

The distinctions between stormwater drainage, storm
water management, and flood control are not always 
clear. For the purposes of this report, flood control is 
defined as the prevention of damage from the overflow 
of natural streams and watercourses. Stormwater drain
age is defined as the control of excess stormwater on 
the land surface before such water has entered stream 
channels. The term "stormwater management" encom
passes storm water drainage, nonpoint source pollution 
control measures, and measures to mitigate the impacts 
of increased stormwater runoff on the receiving riparian 
and aquatic environment in stream channels. This report 
focuses on storm water management within the context 
of the broader flood control plans cited above. 

NEED FORAND 
IMPORTANCE OF STORMWATER 
MANAGEMENT PLANNING 

Storm water management is one of the most important 
and costly requirements of sound urban development. 
Good storm water management is essential to the 
provision of an attractive and efficient, as well as safe 
and healthful, environment for urban life. 

Inadequate storm water management can be costly and 
disruptive. Inadequate storm water management can 
disrupt the safe and efficient movement of people and 
goods essential to the proper functioning of an urban 
area; undermine the structural stability of pavements, 
utilities, and buildings, requiring costly maintenance 
and reconstruction; and depreciate and destroy the 
market value of real property, with an attendant loss 
of tax base. Inadequate stormwater management can 
result in the excessive infiltration and flow of clear 
water into sanitary sewerage systems, with attendant 
surcharging of sanitary sewers, the backing of sanitary 
sewage into buildings, the bypassing of raw sewage to 
streams and watercourses through sanitary sewer system 

3See Final Report - Storm water Management Guide -
City of Brookfield, Rust Environment & Infrastructure, 
October 3, 1995. 
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flow relief devices, and the attendant creation of serious 
hazards to public health. It can also damage the natural 
resource base through unacceptably high increases in the 
delivery of nonpoint source pollutants to streams and 
wetlands, increases in the frequency of erosive stream
flows, modification or destruction of aquatic habitat, 
serious and costly soil erosion and sedimentation, and 
decreases in the amounts of groundwater recharge and 
stream baseflow. 

Storm water management planning and design requires 
knowledge and understanding of the complex rela
tionships existing among the many interrelated natural 
and man-made. features that together comprise the 
hydrologic-hydraulic system of the study area, and of 
how these relationships may change over time. Because 
of its important social, economic, and environmental 
impacts, stormwater management is a problem which 
requires sound resolution through careful application of 
the sciences of hydrology and hydraulics, as well as 
the arts of urban planning and engineering.4 

BASIC CONCEPTS INVOLVED 

The basic concept underlying urban storm water 
management has evolved from the original concept 
which sought to remove excess surface water during and 
after a rainfall as quickly as possible through the 
provision of an efficient, constructed drainage system, 
to the current concept which emphasizes storage as well 
as conveyance of runoff while integrating constructed 
drainage facilities with the existing natural drainage 
system. The objectives of the current concept include 

4Hydrology may be defined as the study of the physical 
behavior of the water resource from its occurrence as 
precipitation to its entry into streams and watercourses 
or its return to the atmosphere via evapotranspiration. 
The application of hydrology to the planning and design 
of urban stormwater management systems requires the 
collection and analyses or definitive information on 
precipitation, soils, and land uses, and on the volume 
and timing of that portion of precipitation which ulti
mately reaches the surface water system as runoff. 
Hydraulics may be defined as the study of the physical 
behavior of water as it flows within pipes and natural 
and artificial channels; under and over bridges, cul
verts, and dams; and through lakes and impoundments. 
The application of hydraulics to the planning and design 
of stormwater management systems requires the 
collection and analysis of definitive information on the 
configuration of the natural and artificial stormwater 
management systems of the study area. 



reducing the peak rate of runoff and in some cases the 
total volume of runoff; reducing the transport of 
sediment and other water pollutants to receiving surface 
waters and wetlands; mitigating the adverse impacts of 
increased runoff and flow frequency on instream and 
riparian habitat; and protecting against increased 
downstream flooding. 

The stormwater management system of an urban area 
may be conceived of as consisting of a major element 
operating infrequently and a minor element operating 
frequently. 5 Both of these elements can, under certain 
conditions, utilize constructed or natural stormwater 
retention or detention storage, as well as conveyance, as 
a potential design solution. The benefits of storm water 
storage may include a reduction in the high kinetic 
energy of surface runoff; a reduction in both the total 
volume and peak rate of discharge; the provision of 
multiple-use opportunities for recreational and aesthetic 
purposes; the provision of groundwater recharge; and 
the entrapment of some pollutants. 

For predominantly developed parts of urban 
communities-such as the established areas of the City 
of Brookfield and the Village of Elm Grove-the 
development of stormwater storage and nonpoint source 
pollution control measures may be constrained by the 
availability of open land on, or adjacent to, the drainage 
system, by relatively high costs, and by public concerns 
. regarding safety and aesthetics. Nevertheless, successful 
efforts have been made to integrate such measures into 
the existing urban environment and they deserve careful 
consideration as a part of any sound stormwater 
management planning effort. In outlying, developing 
areas, the incorporation of stormwater storage facilities 
and nonpoint source pollution control measures may 
be more feasible owing to the availability of land and 
the opportunity to plan for such facilities as an integral 
part of the urban development process. 

Facilities designed solely for the control of stormwater 
quantity, including storm sewers and dry detention 
basins which drain completely between storms, provide 
little or no reduction in nonpoint source pollutant 
loadings to receiving watercourses. However, when 
such facilities are integrated with nonpoint source 
pollution control measures such as source controls, wet 
detention basins, infiltration trenches, percolation 
basins, grass swales and waterways, regular street 

5The City of Brookfield stormwater guide refers to the 
major system as the "emergency" system and the minor 
system as the "convenience" system. 

sweeping, and catch basin cleaning, a significant 
reduction in pollutant loadings may be achieved. 

SCOPE OF THE STORMWATER AND 
FLOODLAND MANAGEMENT PLAN 

The recommended storm water and flood land man
agement plan set forth in this report incorporates 
compatible multiple-use planning concepts and recog
nizes the constraints imposed by other community 
needs, such as park and open space, transportation, 
sanitary sewerage, and water supply. Stormwater and 
floodland management requirements under existing and 
planned full development land use conditions are 
evaluated. Flood control recommendations for Dousman 
Ditch and Underwood Creek have been made in the 
Menomonee River watershed study and refined under 
the drainage and flood control planning effort for the 
Milwaukee Metropolitan Sewerage District as noted 
above. Those recommendations provide a point of 
departure for the stormwater and flood land management 
plan set forth in this report. As shown on Map 1, the 
plan encompasses the 10.3-square-mile area in the 
Dousman Ditch and Underwood Creek subwatersheds 
within the City and Town of Brookfield and the Village 
of Elm Grove upstream of the confluence of Underwood 
Creek with the South Branch of Underwood Creek, plus 
an approximately O.5-square-mile portion of the 
Underwood Creek subwatershed which drains easterly 
to Underwood Creek through the City of Wauwatosa. 
The two subject subwatersheds originate in the City of 
Brookfield. Consequently, almost all runoff in the study 
area is generated in the City and the Village.6 

REVIEW OF PREVIOUS STUDIES 

During preparation of the storm water management 
plan, the findings and recommendations of previous 
studies related to stormwater management and/or flood 
control within the study area were reviewed. Those 
studies are listed below and their salient findings and 
recommendations are summarized. 

1. A Comprehensive Plan for the Menomonee River 
Watershed, SEWRPC Planning Report No. 26, 
October 1976. 

6A relatively small portion of the Town of Brookfield 
is located in the extreme southwestern portion of the 
study area. 
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The recommended comprehensive plan for the 
Menomonee River watershed included a land use 
plan for the year 2000, a flood land management 
plan element, and a water quality management 
plan element. Floodland management recom
mendations for the Dousman Ditch and 
Underwood Creek subwatersheds in the City of 
Brookfield and the Village of Elm Grove included 
the provision of a centralized detention storage 
facility along Dousman Ditch in the area north
west of Blue Mound Road (USH 18) and Pilgrim 
Parkway, replacement of the CP Rail System 
bridge over Underwood Creek, and structure 
floodproofing and removal. The nonpoint source 
pollution control component of the water quality 
management plan called for low-cost control 
measures to be implemented through a combina
tion of information and education programs and 
local ordinances. The recommended measures 
included construction erosion control, proper 
application of pesticides and fertilizers, proper 
material storage, control of pet waste, reevalua
tion of municipal street cleaning and de-icing 
operations, and consideration of the use of 
detention storage facilities to reduce the amounts 
of nonpoint source pollutants delivered to surface 
waters. 

2. Dousman Ditch Detention Basin Study - City of 
Broolifield and Village of Elm Grove, Wisconsin, 
Donohue & Associates Inc., May 25, 1979. 

This study represents a refinement of the 
SEWRPC Menomonee River watershed study 
recommendations regarding the provision of a 
detention storage facility along the Dousman 
Ditch. It was recommended that two basins be 
provided in series, and that they be designed to 
retain the entire 100-year recurrence interval 
runoff volume from the tributary area with no 
significant discharge to downstream reaches 
during periods of flooding. 

3. Village of Elm Grove-Underwood Creek-Flood 
Study Summary Report, Graef, Anhalt, Schloemer 
& Associates, November 1981. 

This report recommends implementation of the 
following flood control measures: 

• Construction of a new box culvert parallel to 
the existing Park and Shop enclosure. 

• Replacement of the bridges at Wall Street, 
Watertown Plank Road, the Villager apart
ments, the Sleepy Hollow Motel (two 
bridges), a private crossing, and at the 
entrance to the United Parcel Service facility. 

• Removal of the Yahr-Lange bridge, 
downstream from Wall Street. 

• Minor channel improvements 

The report also recommends that the Village 
consider construction of a box culvert along 
Underwood Creek, extending from Watertown 
Plank Road upstream to the Canadian Pacific 
Railway; a new culvert under the railroad tracks; 
modification of the Underwood Creek stream 
channel from the railroad tracks north to Juneau 
Boulevard; and replacement of the Juneau 
Boulevard bridge. 

4. A Stormwater Drainage and Flood Control 
System Plan for the Milwaukee Metropolitan 
Sewerage District, SEWRPC Community Assist
ance Planning Report No. 52, December 1990 

The flood control recommendations for the 
Dousman Ditch and Underwood Creek sub
watersheds as presented in this plan represent 
a refinement of those called for under the 
Menomonee River watershed study. This plan 
utilizes updated hydrologic and hydraulic data, 
takes into account the recommendations of the 
1979 Dousman Ditch detention basin study, and 
develops refined recommendations for a two
basin detention facility and downstream structure 
floodproofing and elevation. 

5. A Regional Water Quality Management Planfor 
Southeastern Wisconsin: 2000, Volume Three, 
Recommended Plan, SEWRPC Planning Report 
No. 30, June 1979. 

For the Dousman Ditch and Underwood Creek 
subwatersheds, this plan recommended the imple
mentation of control measures to reduce urban 
nonpoint source pollutant loadings by 25 percent, 
along with construction erosion control, and 
stream bank erosion control. 

6. A Nonpoint Source Control Plan for the 
Menomonee River Priority Watershed Project, 



Wisconsin Department of Natural Resources 
and Wisconsin Department of Agriculture, 
Trade, and Consumer Protection in cooperation 
with the Ozaukee, Washington, and Waukesha 
County Land Conservation Departments and 
the Menomonee River Advisory Subcommittee, 
March 1992. 

The adopted regional water quality management 
plan recommends that local agencies charged with 
responsibility for nonpoint source pollution 
control prepare refined and detailed local-level 
nonpoint source pollution control plans. Such 
plans are to identify the nonpoint source pollution 
control practices that should be applied to specific 
lands. Working with the individual county land 
conservation committees and local units of 
government involved, as well as the Commission, 
the Wisconsin Department of Natural Resources 
is carrying out the recommended detailed plan
ning for nonpoint source water pollution abate
ment on a watershed-by-watershed basis. The 
Menomonee River priority watershed study is one 
of the detailed plans resulting from that program. 

The Menomonee River priority watershed study 
report includes an evaluation of surface water 
resources, water quality, and aquatic habitat 
conditions; development of water resource 
objectives; identification of nonpoint pollution 
sources and control needs; recommendations 
for an urban nonpoint source pollution control 
program; and a description of a program for 
implementation of the plan for the Menomonee 
River watershed. 

The water resource-related objective established 
under the plan for Dousman Ditch and Under
wood Creek is to enhance the existing biological 
and recreational uses. In the context of urban 
nonpoint source pollution control, the proposed 
means of attaining those objectives include a 
reduction in the quantities of sediment delivered 
from uplands and stream banks; control of 
construction erosion; a reduction in runoff pollu
tion from the areas of existing critical urban 
development, which include high-density resi
dential, commercial, industrial, and governmental 
and institutional land uses in the Underwood 
Creek subwatershed and commercial and govern
mental and institutional land uses in the Dousman 
Ditch subwatershed; and control of potential 
runoff pollution from areas of new urban 

development. Nonpoint source pollution control 
measures that were considered for the Dousman 
Ditch and Underwood Creek subwatersheds 
include source controls, wet detention, and street 
sweeping. In addition, stream bank erosion con
trols were considered for the Underwood Creek 
subwatershed only. 

7. Final Report - Stormwater Management Guide -
City of Brookfield, Rust Environment & Infra
structure, October 3, 1995. 

This guide establishes the framework within 
which the City stormwater management program 
is to be conducted. The guide serves the following 
functions: 

a. Compares and contrasts past studies which 
established nonpoint source pollution reduc
ion goals for the watersheds within the City. 

b. Provides background information on vari
ous stormwater management concepts and 
practices. 

c. Characterizes existing City programs related 
to storm water management. 

d. Describes existing Federal, State, and local 
regulatory programs related to storm water 
management. 

e. Summarizes the components of a possible 
future City stormwater management 
ordinance. 

f. Provides estimated costs and a time schedule 
for compliance with storm water discharge 
application and permit process as mandated 
by the U.S. Environmental Protection Agency 
under the Federal Clean Water Act and as 
administered by the State of Wisconsin 
under Chapter NR 216 of the Wisconsin 
Administrative Code. 

g. Sets forth administrative approaches and 
funding opportunities, including the storm
water utility concept and the State of Wis
consin Local Assistance Grant and Nonpoint 
Source Cost-Sharing Grant programs. 

h. Identifies City storm water management 
administrative and regulatory concerns. 
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i. Locates areas within the City where 
storm water management problems have 
occurred. 

j. Sets forth goals, objectives, and policies 
to direct the City storm water management 
program. 

k. Provides a schedule and estimated costs 
for implementation of the City program, 
including prioritization for the preparation 
of stormwater master plans such as that 
presented herein. 

I. Makes recommendations regarding necessary 
actions in the areas of program admini
stration, stormwater management system 
mapping, preparation of storm water man
agement plans, permitting actions under 
Chapter NR 216, and reducing the existing 
system maintenance and repair backlog. 

In addition to these studies, hydrologic and hydraulic 
computations and reports prepared for individual 
recently-constructed or proposed land development 
projects in the City of Brookfield and the Village of Elm 
Grove were reviewed. 

SUMMARY 

The City of Brookfield and the Village of Elm Grove 
are located in the northeastern quadrant of Waukesha 
County. The subcontinental divide between the Lake 
Michigan and Mississippi River basins traverses the 
City of Brookfield in the manner shown on Map 1. 
Thus, about the eastern one-half of the City lies within 
the Menomonee River watershed and drains to Lake 
Michigan and the western one-half of the City lies 
within the Fox River watershed and drains, ultimately, 
to the Mississippi River. The entire Village of Elm 
Grove lies within the Menomonee River watershed. As 
shown on Map 1, the study area for this report is a 10.8-
square-mile area of the Dousman Ditch and Underwood 
Creek subwatersheds. 

The conversion of land in the Dousman Ditch and 
Underwood Creek subwatersheds from rural to urban 
use in the recent past, and the continuation of such 
conversion in the future may be expected to aggravate 
existing stormwater management and flooding problems 
and, in the absence of sound planning, create new 
problems. The need to resolve existing problems and to 
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avoid the occurrence of new problems dictates the 
need to prepare a long-range storm water and flood
land management plan for the Dousman Ditch and 
Underwood Creek subwatersheds in the City of 
Brookfield and the Village of Elm Grove. 

The plan presented in this report seeks to promote the 
development of an effective stormwater and flood land 
management system for the study area under full 
development conditions, which are anticipated to be 
attained by the year 2010. Such a system will minimize 
inconvenience and damage attendant to poor drainage 
and protect and enhance surface water quality and 
aquatic habitat. 

More specifically, this report describes the existing 
stormwater and floodland management system and 
the existing problems of the study area, and identifies 
the causes of these problems; describes existing and 
planned future land use conditions and identifies related 
stormwater and flood land management requirements; 
provides a set of objectives and supporting standards 
to guide the development of an effective storm water 
and floodland management system for the area; presents 
alternative storm water and flood land management 
system plans for the Dousman Ditch and Underwood 
Creek subwatersheds; provides a comparative evaluation 
of the teChnical, economic, and environmental features 
of these plans; recommends a cost-effective plan for 
the two subwatersheds; and sets forth a plan imple
mentation program. 

The plan recognizes that good stormwater and tloodland 
management is essential to the provision of an attractive 
and efficient, as well as safe and healthful, environment 
for urban life; and that inadequate storm water drainage 
can be costly and disruptive, can create hazards to 
public health and safety, and can have adverse eco
logical and environmental impacts. Because of the 
technical complexity of the problem and the important 
social, economic, and environmental impacts involved, 
the plan recognizes that stormwater and flood land 
management planning must be based upon knowledge 
of the arts of urban planning and engineering and of 
the sciences of hydrology and hydraulics; an under
standing of the social, economic, and environmental 
impacts involved; and information on the public 
attitudes toward stormwater and flood land management. 

The basic concept underlying urban storm water 
management has evolved from the original concept 
which sought to remove excess surface water during 



after a rainfall as quickly as possible through the 
provision of an efficient, constructed drainage system, 
to the current concept which emphasizes storage as well 
as conveyance of runoff while integrating constructed 
drainage facilities with the existing natural drainage 
system. The objectives of the current concept include 
reducing the peak rate of runoff and in some cases the 
total volume of runoff; reducing the transport of sedi
ment and other water pollutants to receiving surface 
waters and wetlands; mitigating the adverse impacts of 
increased runoff and flow frequency on instream and 
riparian habitat; and protecting against increased down
stream flooding. 

The plan presented herein regards the storm water 
runoff system of the area as consisting of a 
major element operating infrequently and a minor 
element operating frequently, with both of these 
elements incorporating, to the extent practicable, 
the storage as well as conveyance of excess run
off. The recommended stormwater and flood land 
management plan set forth herein incorporates 
compatible multi-use planning concepts and recog
nizes the opportunities provided as well as the 
constraints imposed by other community needs, 
such as park and open space, transportation, and 
water supply. 
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Chapter II 

INVENTORY AND ANALYSIS 

INTRODUCTION 

Infonnation on certain pertinent natural and man-made 
features of the study area is essential to sound 
stonnwater and floodland management planning. 
Accordingly, the collection and collation of definitive 
infonnation on key hydrologic and hydraulic charac
teristics, on the existing storm water management sys
tem, and on erosion and sedimentation characteristics 
constitute an important step in the storm water and 
floodland management planning process. The result
ing infonnation is essential to the planning process, 
because sound alternative plans cannot be fonnulated 
and evaluated without an in-depth knowledge of the 
pertinent conditions in the planning area. This is par
ticularly true for storm water and flood land manage
ment, which must address the complex interaction of 
natural meteorologic events, key hydrologic and 
hydraulic characteristics of the planning area, and 
certain man-made physical systems. 

This chapter presents data on I) the hydrologic 
phenomena governing the magnitude and frequency of 
stormwater and flood flows; 2) existing stonnwater 
drainage and flooding problems; 3) surface water 
quality conditions in the subwatersheds; 4) sources of 
pollution related to stormwater management; 5) the 
anticipated type, density, and spatial distribution of 
land uses in the study area; 6) the impact of the 
anticipated changes in land use on the stonnwater and 
flood land management needs of the study area; 7)natu
ral resource features of the study area; and 8) biological 
conditions. 

STORMWATERMANAGEMENT 
STUDY AREA 

Those portiotls of the Dousman Ditch and Underwood 
Creek subwatersheds within the City of Brookfield and 
the Village of Elm Grove constitute the study area for 
stormwater management planning as shown on Map2 
in Chapter I. The areal extent of the Dousman Ditch 
subwatershed is approximately 3.5 square miles and the 
Underwood Creek subwatershed is 7.3 square miles for 
a combined total of 10.8 square miles. 

LAND USE 

The Dousman Ditch and Underwood Creek stonnwater 
and floodland management plan is intended to identify 
the stonnwater and floodland management of the 
Dousman Ditch and Underwood Creek subwatersheds 
under existing and planned land use conditions and to 
propose the best means of meeting those needs. 
Accordingly, a buildout land use pattern was developed 
for these subwatersheds, based upon the Waukesha 
County development plan which was prepared by the 
Regional Planning Commission under a separate 
planning effort.1 

The preliminary land use plan identifies a recom
mended land use pattern for buildout land use condi
tions, which are expected to be achieved by the year 
2010, which can accommodate a resident population 
of about 4,513 persons in the Dousman Ditch 
subwatershed, and about 16,606 persons in the Under
wood Creek subwatershed. This stonnwater and flood
land management plan is based upon buildout land 
use conditions. 

The existing year 1990 land use pattern is shown on 
Map 2. The planned buildout land use pattern is shown 
on Map 3. The areal extent of the various existing and 
planned land uses within the subwatersheds are set 
forth in Table 1. As indicated in Table 1, in 1990 urban 
land uses occupied 1,569, or about 70 percent of the 
total area of the Dousman Ditch subwatershed, and 
3,665 acres, or about 78 percent of the total area of the 
Brookfield and Elm Grove portion of the Underwood 
Creek subwatershed. About 238 acres of rural land, or 
about 11 percent of the Dousman Ditch subwatershed 
and about 370 acres of rural land, or about 8 percent of 
the Underwood Creek subwatershed, may be expected 
to be converted from rural to urban uses over the plan 
design period. This conversion would increase the 

1SEWRPC Community Assistance Planning Report 
No. 209, A Development Plan for Waukesha County, 
Wisconsin, August 1996. 
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Map2 

EXISTING LAND USE IN THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Map3 

PLANNED BUILDOUT LAND USE FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Table 1 

EXISTING AND PROBABLE FUTURE LAND USE IN THE DOUSMAN DITCH 
AND UNDERWOOD CREEK SUBWATERSHEDS: 1990 AND BUILDOUT 

Existing 1990 Planned Increment Buildout Total 

Percent Percent Percent 
Land Use Category Acres of Total Acres of Total Acres of Total 

Dousman Ditch Subwatershed 

Urban 
Residential ........................................... 943 42.3 165 17.6 1,108 49.7 
Commercial .......................................... 288 12.9 62 21.4 350 15.7 
Industrial .............................................. 0 0.0 0 0.0 Q 0.0 
Governmental and Institutional .......... 87 3.9 7 8.1 94 4.2 
Transportation, Communication, 232 10.4 -13 -5.8 219 9.8 

and Utilities ...................................... 
Recreational ......................................... 19 0.9 17 89.6 36 1.6 

Subtotal 1,569 70.4 238 15.2 1,807 81.0 

Rural 
Woodlands ........................................... 28 1.3 0 0.0 28 1.3 
Wetlands .............................................. 271 12.2 0 0.0 271 12.2 
Surface Water ...................................... 9 0.4 0 0.0 9 0.4 
Agricultural and Other Open Lands .... 351 15.7 -238 -67.9 113 5.1 

Subtotal 659 29.6 -238 -36.1 421 19.0 

Total 2,228 100.0 - - - - 2,228 100.0 

Underwood Creek Subwatershed 

Urban 
Residential ........................................... 2,514 53.7 
Commercial .......................................... 176 3.8 
Industrial .............................................. 20 0.4 
Governmental and Institutional .......... 198 4.2 
Transportation, Communication, 637 13.6 

and Utilities ...................................... 
Recreational ......................................... 120 2.6 

Subtotal 3,665 78.3 

Rural 
Woodlands ........................................... 119 2.6 
Wetlands .............................................. 439 9.4 
Surface Water ...................................... 42 0.9 
Agricultural and Other Open Lands .... 412 8.8 

Subtotal 1,012 21.7 

Total 4,677 100.0 

Source: SEWRPC. 

amount of land in urban use within the Dousman Ditch 
subwatershed by about 15 percent, and about to per
cent within the Underwood Creek subwatershed. Of 
the total area to be converted within the Dousman 
Ditch subwatershed, about t 65 acres, or 70 percent, 
would be converted to residential use, and about 72 
acres, or 30 percent, to other urban uses. Within the 
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300 11.9 2,813 60.1 
52 29.8 228 4.9 
0 0.0 20 0.4 
0 0.1 198 4.2 
0 0.0 637 13.6 

18 14.9 139 3.0 

370 10.1 4,035 86.2 

-20 -17.2 99 2.1 
0 0.0 439 9.4 
0 0.0 42 0.9 

-350 -84.8 63 1.4 

-370 -36.5 643 13.8 

- - -- 4,678 100.0 

Underwood Creek subwatershed, the area converted 
to residential use would be about 300 acres, or about 
81 percent, with the remaining 70 acres or about 
t 9 percent utilized for other urban uses. 

As indicated in Table 1, under planned buildout land 
use conditions, urban land uses would occupy I ,807 



acres, or about 81 percent of the total area of the 
Dousman Ditch subwatershed, and 4,035 acres, or 
about 86 percent of the total area of the Underwood 
Creek subwatershed.2 Residential uses would occupy 
about 1,108 acres, or about 50 percent of the Dousman 
Ditch subwatershed, and about 2,813 acres, or about 
60 percent within the Underwood Creek subwatershed; 
the remaining urban land uses, such as commercial, 
industrial, transportation, communication and utilities, 
governmental and institutional, and recreational, would 
occupy about 31 percent for the Dousman Ditch 
subwatershed and about 26 percent within the Under
wood Creek subwatershed. Under planned ultimate 
land use conditions, rural land uses would still be 
expected to account for about 421 acres, or about 
19 percent of the total area of the Dousman Ditch 
subwatershed, and about 643 acres, or about 14 percent 
within the Underwood Creek subwatershed. In the 
Dousman Ditch subwatershed, woodlands would 
occupy 28 acres, or about 7 percent, of the rural land; 
agricultural and other open lands about 113 acres, or 
about 27 percent; and wetlands and open water about 
280 acres, or about 66 percent. Within the Underwood 
Creek subwatershed, woodlands would occupy about 
99 acres, or about 15 percent, of the rural land; 
agricultural and other open lands 63 acres, or about 
10 percent; and other rural land uses, including 
wetlands and open water, about 481 acres, or about 
75 percent. 

Because of the direct relationships which exist between 
resident population levels and land use patterns, an 
evaluation of the historic and probable future resident 
population levels in the Dousman Ditch and Under
wood Creek subwatersheds was made as a part of the 
storm water management and flood control planning 
effort. As indicated in Table 2, from 1970 to 1980 the 
resident population of the Dousman Ditch subwater
shed decreased by about 20 percent, from about 4,900 
to about 3,900 persons. From 1980 to 1990, the resident 
population of that subwatershed increased by about 
6 percent, to about 4,200 persons. Forecasts of 
population growth to the year 2010 ind icate that the 
population of this subwatershed may be expected to 
increase to about 4,500 persons, an increase of about 
300 persons, or about 7 percent, over the 1990 
population level. Also indicated in Table 2, from 1970 
to 1980, the resident population of the Underwood 

2Much of the anticipated conversion of land from 
rural to urban had occurred as of 1999. 

Creek subwatershed decreased by about 14 percent, 
from about 20,400 to about 17,500 persons. From 1980 
to 1990, the resident population of that subwatershed 
again decreased by about 5 percent to about 16,600 
persons. The population growth to the year 2010 is 
projected to remain stable at about the 1990 population 
level. A graphic comparison of historical, existing, and 
forecast population levels for these subwatersheds, 
Waukesha County, and the Southeastern Wisconsin 
Region is provided in Figure 1. 

Within the Dousman Ditch subwatershed, the planned 
year 2010 resident population level of about 4,500 
persons, assuming a household size of 2.8 persons 
per housing unit, would result in the need for 
approximately 1,607 housing units. Such housing units, 
if uniformly distributed over the 1,108 acres of 
residential land anticipated to be within the sub
watershed by the design year 2010, would result in a 
density of approximately 1.5 housing units per net 
residential acre. For the Underwood Creek sub
watershed, if the planned year 2010 resident population 
was about 16,600 persons, than this would result in the 
need for approximately 5,929 housing units. If these 
housing units were distributed uniformly over the 2,813 
acres of residential land, than this would result in a 
density of approximately 2.1 housing units per net 
residential acre. 

LAND USE REGULATIONS 

Pertinent land use regulations in the subwatershed 
include zoning and land subdivision control ordinances. 
Comprehensive zoning represents one of the most 
important tools available to local units of government 
for controlling the use of land in the public interest, and 
such zoning has important implications for stormwater 
management. 

The zoning and subdivision control ordinances for the 
City of Brookfield and the Village of Elm Grove serve 
to regulate the type, location, and intensity of the 
various land uses, and the improvements provided for 
new urban development. These ordinances regulate 
aspects of development which influence both the 
amount and rate of storm water runoff, and the quality 
of that runoff. For example, the size of lots and the 
placement and size of structures on them, as regulated 
by the zoning ordinances, affect the proportion of 
the land surface covered by impervious surfaces. 
Generally, as imperviousness increases, the rate and 
volume of stormwater runoff increase while the quality 
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Table 2 

HISTORIC AND PROBABLE FUTURE RESIDENT POPULATION LEVELS FOR THE SOUTHEASTERN WISCONSIN 
REGION, WAUKESHA COUNTY, AND THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

Southeastern Dousman Ditch Unden.'Vood Creek 
Wisconsin Region Waukesha County City of Brookfield Village of Elm Grove Subwatershed Subwatershed 

Percent Percent Percent Percent Percent Percent 
Year Population Change Population Change Population Change Population Change Population Change Population Change 

1900 501,808 -- 35,229 -- -- -- - - -- -- -- -- --
1910 631,161 25.8 37,100 5_3 -- -- -- -- -- -- -- --
1920 783,681 24.2 42,6 12 14.9 -- -- -- -- -- -- -- --
1930 1,006, ' 1a 28.4 52.358 22 .9 -- -- -- -- -- -- -- --
1940 1,067,699 6.1 62,744 19.8 - - -- -- -- -- -- - - --
1950 1,240,618 16.2 85,901 36.9 -- -- -- - - - - - - - - --
1960 1,573,614 26.8 158,249 84.2 19,812a -- 4.9948 -- -- -- -- - -
1970 1,756,083 11.6 231,335 46 .2 31,761 60.3 7,201 44.2 4,954 -- 20,443 --
1980 1,764,919 0.5 280,326 2 1. 2 34,035 7 .2 6,375 -6.5 3,952 -20 .2 17,509 -14.3 
1990 1,742,742

b 
-1,3 285,904 2.0 35,184 3.4 6,621 -7 .0 4,213 6.2 16,606 -5.2 

2010 1,872,200 7.4 364,300 27.4 38,810 10.3 5,960 -9,0 4,513 7 .1 16,606 0_0 

<lRepresenrs 1963 population levels as determined by the 1963 SEWRPC origin -destination travel survey, 

b'ntermediate population growth scenario. 

Source: U.S. Bureau of the Census, Wisconsin Department of Administration, and SEWRPC. 
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COMPARISON OF HISTORICAL, EXISTING, 
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of the runoff decreases . The type and design of the 
storm water drainage system, as regulated by the subdi
vision control ordinances, also affect the quantity and 
quality of storm water runoff. For example, storm
sewered urban areas usually generate higher runoff 
rates and amounts, and a lower runoff quality, than do 
areas drained by vegetated open channels_ 

IMPACT OF CHANGING LAND USE 
ON SUBWATERSHED STORM WATER 
MANAGEMENT SYSTEMS 

Land use and cover in the study area markedly 
influence the stonnwater runoff process. Land cover 
differs froIll land use in that it describes a type of 
surface: roofed, paved, grassed, or wooded, for 
example; land use describes the function or activity 
served: residential, commercial, or recreational, for 
example. Table 3 lists the ranges of surface impervi
ousness for variolls land and land cover conditions. 

Increases in rates and volumes of runoff due to the 
conversion of land from rural to urban use can increase 
bank erosion and bed scour in receiving streams. In 
addition, increased imperviousness in areas of ground
water recharge may cause a reduction in stream base 
flow. Storm water runoff from urban lands also carries 



Table 3 

RANGE OF SURFACE IMPERVIOUSNESS FOR LAND USE AND LAND COVER CONDITIONS 

Range of Percent Typical Corresponding Land 
Description Imperviousness Use/Cover Combinations 

Rural ............................................................... 0-8 

Low Imperviousness ..................................... 9-20 

Low to Medium Imperviousness ................. 21-33 

Medium Imperviousness .............................. 34-45 

High Imperviousness .................................... 46-65 

Very High Imperviousness ........................... 66-100 

Source: SEWRPC. 

different types and increased amounts of pollutants 
compared to runoff from rural lands. 

The stormwater management and flood control system 
of a watershed should serve to support the existing, and 
promote the planned, land use pattern of the watershed. 
Therefore, consideration of both the existing and 
probable land use pattern of the watershed is necessary 
for the development of effective alternative storm water 
and flood land management plans and for the selection 
of a recommended plan. 

CLIMATE 

Air temperatures and the type, intensity, and duration 
of precipitation affect the extent of areas subject to 
inundation and the type and magnitude of stormwater 
and flooding problems within the subwatershed. 
Both subwatersheds have the typical continental-type 
climate, characterized primarily by a continuous pro
gression of markedly different seasons and a wide 
range in monthly temperatures. The subwatersheds lie 
in the path of both low pressure storm centers moving 
from the west and southwest and high pressure fair 
weather centers moving in a generally southeasterly 
direction. The confluence of these air masses results 
in frequent weather changes, particularly during spring 

Agricultural lands, woodlands, wetlands, and 
unused lands 

Low-density residential with supporting urban 
uses and associated land cover 

Low- to medium-density residential with 
supporting urban uses and associated land 
cover 

Medium-density residential with supporting 
urban uses and associated land cover 

High-density residential with supporting urban 
uses and associated land cover 

Commercial and industrial and associated 
land cover 

and winter. These temporal weather changes consist of 
marked variations in temperature, precipitation, relative 
humidity, wind speed and direction, and cloud cover. 
The meteorologic events influence the rate and amount 
of stormwater runoff, the severity of storm drainage 
problems, and the required capacities of storm water 
conveyance and storage facilities. Definitive, long-term 
meteorologic data are available for the Milwaukee 
National Weather Service station, at Mitchell Inter
national Airport in reasonable proximity to the 
Dousman Ditch and Underwood Creek subwatersheds. 

Temperature and Seasonal Considerations 
Air temperatures, which exhibit a wide month Iy 
range, determine whether precipitation occurs as rain
fall or snowfall; whether or not the ground is frozen 
and therefore essentially impervious; and the rate of 
snowmelt and attendant runoff. Table 4 presents 
average monthly air temperature variations for the 
Milwaukee National Weather Service Station for the 
35-year period from 1951 through 1985. Summer 
temperatures, as measured by the monthly means for 
June, July, and August, average from 65°F to 70"F. 
Winter temperatures, as measured by the monthly 
means for December, January, and February, average 
from 19°F to 25°F. For the period 1871 through 1988 at 
Milwaukee, the maximum recorded temperature was 
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Table 4 

AVERAGE MONTHLY 
AIR TEMPERATURE 

AT MILWAUKEE: 1951 THROUGH 1985 

Average Average 
Daily Daily 

Maximum Minimum 
Month (OF) (OF) 

January .................... 25.9 11.2 
February ................... 30.5 16.2 
March ....................... 39.5 25.1 
April .......................... 53.5 35.7 
May .......................... 64.8 44.7 
June .......................... 74.9 54.8 
July ........................... 79.2 61.3 
August ...................... 78.4 60.4 
September ............... 71.1 52.6 
October .................... 59.8 42.0 
November ................ 44.8 30.0 
December ................. 31.8 17.9 

Annual 54.5 34.7 

Source: National Weather Service and SEWRPC. 

Mean 
(OF) 

18.6 
23.4 
32.3 
44.6 
54.8 
64.9 
70.3 
69.4 
61.9 
50.9 
37.4 
24.9 

46.1 

105°F in July 1934, and the lowest recorded tempera
ture was -26°F in January 1982. The growing season, 
which is defined as the number of days between the 
last 32°F temperature reading in spring and the first 
in fall, averages about 180 days for the subwatershed. 
The last frost in spring normally occurs near the end of 
April, whereas the first freeze in fall usually occurs 
during the latter half of October. Streams, ponds, and 
lakes begin to freeze over in late November; ice 
breakup usually occurs in late March or early April. Ice 
jams at bridges in spring can be a cause of localized 
flooding, which can be severe when combined with 
spring rainfall. 

Precipitation 
Precipitation within the subwatershed takes the form of 
rain, sleet, hail, and snow, ranging from gentle showers 
of trace quantities to brief, but intense and potentially 
destructive, thunderstorms or major rainfall-snowmelt 
events. These may cause property damage, inundation 
of poorly drained areas, stream flooding, street and 
basement flooding, and severe soil erosion and sedi
mentation. Average monthly and annual total precipi
tation and snowfall data from the Milwaukee National 
Weather Service station at Mitchell International Air
port for the period 1951 through 1985 are presented 
in Table 5. The average annual total precipitation 
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Table 5 

AVERAGE MONTHLY TOTAL 
PRECIPITATION AND SNOW AND SLEET 
AT MILWAUKEE: 1951 THROUGH 1985 

Average Average 
Total Snow and 

Precipitation Sleet 
Month (inches) (inches) 

January ..................... 1.60 12.8 
February .................... 1.39 10.4 
March ........................ 2.61 10.0 
April ........................... 3.49 2.3 
May ............................ 2.81 Trace 
June ........................... 3.43 0.0 
July ............................ 3.47 0.0 
August ....................... 3.15 0.0 
September ................ 2.89 Trace 
October ...................... 2.48 0.2 
November ................. 2.32 3.1 
December .................. 2.17 11.4 

Annual 31.81 50.2 

Source: National Weather Service and SEWRPC. 

III the Dousman Ditch and Underwood Creek sub
watersheds based on the Milwaukee National Weather 
Service station data is 31.81 inches, expressed as water 
equivalent, while the average annual snowfall and 
sleetfall measured as snow and sleet is 50.2 inches. 
Assuming that 10 inches of measured snowfall and 
sleetfall are equivalent to one inch of water, the average 
annual snowfall of 50.2 inches is equivalent to 5.02 
inches of water and, therefore, only about 16 percent 
of the average annual total precipitation occurs as 
snowfall and sleet. Average total monthly precipitation 
ranges from 1.39 inches in February to 3.49 inches 
in April. The principal snowfall months are December, 
January, February, and March, during which 89 percent 
of the average annual snowfall may be expected 
to occur. 

An important consideration in storm water drainage is 
the seasonal nature of precipitation patterns. Based on 
historical observations, flooding in the Dousman Ditch 
and Underwood Creek subwatersheds is likely to occur 
at any time throughout the year except during winter. 
This is because the drainage area is relatively small and 
flood peaks are influenced by the effects of poorly 
drained soils and urban development. The relatively 
large proportions of poorly to very poorly drained soils, 
along with impervious surfaces in urban areas, inhibit 



Table 6 

EXTREME PRECIPITATION EVENTS FOR SELECTED LONG-TERM STATIONS 
NEAR THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

Total Precipitation (water equivalent, inches) 

Observation Station Period of Maximum Annual Minimum Annual Maximum Monthly Maximum Daily. 
Precipitation 

Name County Records Amount Year Amount Year Amount Date Amount Date 

Milwaukee Milwaukee 1870-1992 50.36 1876 18.69 1901 10.03 June 1917 6.84a August 6, 1986 

Waukesha Waukesha 1892-1992 43.57 1938 17.30 1901 11.41 July 1952 5.09 July 18,1952 

Snowfall (inches) ". 
Observation Station Period of Maximum Annual Minimum Annual Maximum Monthly Maximum Daily 

Precipitation 
Name County Records Amount Year 

Milwaukee Milwaukee 1870-1992 109.0b 1885-1886 

Waukesha Waukesha 1892-1992 83.0d 1917-1918 

a Maximum precipitation for a 24-hour period. 

b Maximum and minimum snowfalls for a winter season. 

c Maximum snowfall for a 24-hour period. 

dEstimated from incomplete records. 

Amount Year Amount Date Amount Date 

11.0b 1884-1885 52.6 January 1918 20.3c February 4-5, 1924 

9.1 1967-1968 56.0 January 1918 20.0c January 5-6, 1918 

Source: U.S. Department of Commerce, National Weather Service, Wisconsin Statistical Reporting Service, and SEWRPC. 

infiltration. This increases surface runoff during even 
minor rainfall events. Because the dampening effects of 
infiltration, including leaf interception during summer 
months, are diminished in urban areas, the annual 
distribution of flood events in urbanized watersheds 
is similar' to the annual distribution of significant 
rainfall events, and significant flood events may be 
expected to occur during spring, summer, and fall. 

Extreme precipitation data for southeastern Wisconsin, 
based on observations for stations located throughout 
the Region that have relatively long periods of record, 
are presented in Table 6. The minimum annual pre
cipitation within southeastern Wisconsin, as determined 
from the tabulated data for the indicated observation 
period, occurred at Waukesha in 1901, when only 
17.30 inches of precipitation occurred, or 54 percent of 
the average annual precipitation of 31.81 inches for 
southeastern Wisconsin. The maximum annual precipi
tation within southeastern Wisconsin occurred at 
Milwaukee in 1876, when 50.36 inches of precipitation 
was recorded, equivalent to 158 percent of the average 
annual precipitation. 

Based on a period of record from 1870 through 1992 at 
General Mitchell Field, the minimum annual precipi
tation was 18.69 inches, reported in 1901; the 
maximum annual precipitation was 50.36 inches, 
reported in 1876. The maximum monthly precipitation 
was 10.03 inches, recorded in June 1917; the maximum 
24-hour precipitation was 6.84 inches, recorded on 
August 6, 1986. Based on a period of record from 1870 
through 1992, the maximum and minimum annual 
snowfall amounts were 109.0 inches in 1885-86 and 
11.0 inches in 1884-85. 

Snow Cover and Frost Depth 
The likelihood of snow cover and the depth of snow on 
the ground are important precipitation-related factors 
that influence the planning, design, construction, and 
maintenance of storm water management and flood 
control facilities. Snow cover in the Dousman Ditch 
and Underwood Creek subwatersheds is most likely 
during the months of December, January, and Febru
ary, when atleast a 0.5 probability exists of having one 
inch or more of snow cover. The amount of snow cover 
influences the severity of spring snowmelt-rainfall 
flood events, which usually occur during March. 
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The depth and duration of ground frost, or frozen 
ground, influences hydrologic processes, particularly 
such factors as the proportion of rainfall or snowmelt 
that will run off the land directly into stonn sewerage 
systems and surface watercourses. The amount of 
snow cover is an important detenninant of frost depth. 
Since the thennal conductivity of snow cover is 
less than one-fifth that of moist soil, heat loss from 
the soil to the colder atmosphere is greatly inhibited 
by the insulating snow cover. Frozen ground is likely 
to exist throughout the study area for approximately 
four months each winter season, from late November 
through March, with frost penetration to a depth 
ranging from six inches to more than four feet 
occurring in January, February, and the first half 
of March. 

SOILS 

Soil properties are an important factor influencing 
the rate and amount of stonnwater runoff from land 
surfaces. The type of soil is also an important con
sideration in the evaluation of shallow groundwater 
aquifer recharge and storm water retention, detention, 
and infiltration facilities. The soil characteristics, the 
slope, and vegetative cover of the land surface also 
affect the degree of soil erosion which occurs during 
runoff events. 

In order to assess the significance of the diverse soils 
found in southeastern Wisconsin, the Southeastern 
Wisconsin Regional Planning Commission negotiated a 
cooperative agreement with the U.S. Soil Conservation 
Service in 1963 under which detailed operational soil 
surveys were completed for the entire Region. The 
results of the soil surveys have been published in 
SEWRPC Planning Report No.8, Soils of Southeastern 
Wisconsin. The regional soil surveys have resulted in 
the mapping the Region's soils in great detail. At the 
same time, the surveys have provided data on the 
physical, chemical, and biological properties of the 
soils, and, more importantly, have provided interpre
tations of the soil properties for planning, engineering, 
agricultural, and resource conservation purposes, and 
for underlying storm water management purposes. 
Detailed soils maps of the study area are available for 
use in stonnwater management planning. 

With respect to watershed hydrology, the most 
significant soil interpretation for stormwater man
agement is the categorization of soils into hydrologic 
soil groups A, B, C, and D. In tenns of runoff 
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characteristics, these four hydrologic soil groups are 
defined as follows: 

• Hydrologic Soil Group A: Very little runoff 
because of high infiltration capacity, high 
penneability, and good drainage. 

• Hydrologic Soil Group B: Moderate amounts of 
runoff because of moderate infiltration capacity, 
moderate penneability, and good drainage. 

• Hydrologic Soil Group C: Large amounts of 
runoff because of low infiltration capacity, low 
penneability, and poor drainage. 

• Hydrologic Soil Group D: Very large amounts of 
runoff because of very low infiltration capacity, 
low penneability, and extremely poor drainage. 

The spatial distribution of the hydrologic soil groups 
within the Dousman Ditch and Underwood Creek 
subwatersheds is shown on Map 4. Only groups B, C, 
and D occur in the study area, with the poorly to 
extremely poorly drained soils in groups C and D 
covering about 90 percent of the area and group B 
soils and disturbed and unclassified soils covering 
the remainder. 

BEDROCK 

Bedrock fonnations underlying the study area generally 
lie at a depth of 50 to 200 feet below the surface of the 
Dousman Ditch and Underwood Creek subwatersheds, 
with overlying unconsolidated glacial deposits. It is not 
anticipated that bedrock would be encountered during 
construction of stonnwater management facilities. 

STORMWATER MANAGEMENT 
AND FLOOD CONTROL SYSTEM 

The existing storm water management and flood control 
system serving the study area consists of the streams 
and watercourses of the area together with certain 
constructed drainage faci I ities. The performance of this 
system is influenced by, among other factors, study 
area topography and the location and extent of the 
tributary drainage areas, as well as by the charac
teristics of the streams and watercourses and related 
man-made drainage facilities. 

Topography 
Topography, or the relative elevation of the land 
surface in the study area, is one of the most important 
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considerations in the planning and design of a storm
water management system. Surface topography of the 
land defines drainage areas, influences the rate and 
magnitude of surface water runoff and soil erosion, and 
determines both the uses to which the land can be 
put and related stormwater management needs. 

Large-scale topographic maps of the entire City of 
Brookfield and Village of Elm Grove, were prepared 
in 1986 by Waukesha County and the Regional 
Planning Commission to Commission specifications at 
a scale of one inch equals 200 feet with contours at 
two-foot intervals.3 The large-scale topographic maps 
and monumented control survey network which 
resulted from the mapping program has permanent 
utility for the administration of the Federal flood 
insurance program at the local level and for all types of 
municipal planning and engineering work. 

The elevation of the Dousman Ditch subwatershed 
ranges from a low of about 820 feet above National 
Geodetic Vertical Datum (NGVD) in the southeast one
half of U.S. Public Land Survey Section 22, Township 
7 North, Range 20 East, along Dousman Ditch itself, to 
a high of about 940 feet NGVD in the southeast one
quarter of U.S. Public Land Survey Section 21, 
Township 7 North, Range 20 East. The elevation of the 
Underwood Creek subwatershed ranges from a low of 
about 720 feet above NGVD in the southeast one
quarter of U.S. Public Land Survey Section 25, 
Township 7 North, Range 20 East, at the Waukesha
Milwaukee county line, to a high of about 890 feet 
above NGVD in the southeast one-quarter, and 
southwest one-quarter of U.S. Public Land Survey 
Sections 10 and 15, respectively, Township 7 North, 
Range 20 East. Land surface slopes in the Dousman 
Ditch subwatershed range from a low of about 
1 percent along Dousman Ditch, to a high of about 
30 percent near the subcontinental divide. Within the 
Underwood Creek subwatershed, slopes range from a 
low of less than 1 percent along Underwood Creek at 

3 In 1998, new large-scale topographic maps were 
prepared by the County and the Commission at a 
scale of one inch equals 100 feet with contours at two
foot intervals. Preliminary draft copies of those maps 
were available in 1999. Although the hydrologic and 
hydraulic analyses for the stormwater management 
plan primarily used data from the 1986 maps, the 
1998 maps were consulted during the final stages of 
the analyses. 
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the Waukesha-Milwaukee county line, to a high of 
about 12 percent in the northwestern portion of the 
subwatershed, along the subcontinental divide. In 
general, areas with slopes greater than 12 percent have 
severe limitations for urban residential development 
and, if developed, present serious potential drainage 
and erosion problems. 

Hydrologic Units and Subbasins 
For stormwater management planning purposes, each 
subwatershed was divided into smaller basic hydrologic 
units that were further divided into subbasins, as shown 
on Map 12 in Chapter V. The hydrologic units 
generally encompass the area draining to one of the 
streams tributary to Dousman Ditch or Underwood 
Creek, or the area draining to a storm sewer outfall 
to the Ditch or Creek. The delineation of these areas 
permits a more accurate representation of the watershed 
hydrology in the computer models used to simulate 
stormwater runoff. 

A number of considerations entered into the delineation 
of the subbasins. Using the 1986 large-scale topo
graphic maps, the subbasins were delineated so as 
to provide desired areas above discharge points at 
confluences of drainage channels, tributaries, and the 
main stem; at, or near, bridges and culverts; and at 
selected storm sewer inlets and outlets. 

Within the Dousman Ditch subwatershed, there are 
201 subbasins, with an average size of 11 acres, while 
in the Underwood Creek subwatershed, there are 404 
subbasins, with an average size of 12 acres. 

Streams, Drainage Channels, 
Storm Sewers, and Ponds 
Perennial streams are watercourses which maintain 
a continuous flow throughout the year. Intermittent 
streams are those watercourses which do not sustain 
continuous flow during dry periods. 

Perennial streams in the subwatersheds include Dous
man Ditch, Underwood Creek, the North Branch of 
Underwood Creek, and several unnamed tributaries 
to Dousman Ditch. The perennial and intermittent 
streams in the subwatershed receive runoff from 
storm sewers, culverts, roadside swales, drainageways, 
and drainage ditches. All known perennial and inter
mittent streams and ponds in the study area are shown 
on Map 5. 
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Constructed storm water drainage facilities within the 
Dousman Ditch and Underwood Creek subwatersheds, 
defined as constructed channels or roadside swales, 
storm sewers and appurtenances, and ditch enclosures, 
as opposed to natural watercourses, have a combined 
service area of about half of the total study area. 

The constructed stormwater drainage systems are 
maintained by the Public Works Departments of the 
City of Brookfield and the Village of Elm Grove. 
Maintenance activities include sewer inspection; 
sewer, culvert, catch basin, and channel cleaning; and 
minor repair work on sewers, manholes, catch basins, 
and inlets. 

Both the City of Brookfield and the Village of Elm 
Grove are in the process of adopting storm water 
management ordinances that regulate stormwater run
off from new urban development and redevelopment. 
Prior to adoption of the ordinances, storm water 
management requirements for new development or 
redevelopment were applied on a case-by-case basis. 
The ordinances are being adopted pursuant to the 
communities' State stormwater discharge permit appli
cations that were submitted in February of2000. 

Wetlands 
Wetlands are natural areas in which the groundwater 
table lies near, at, or above the surface of the ground, 
and which support certain types of vegetation. Wet
lands are usually covered by organic soils, silts, and 
marl deposits. Wetlands provide valuable ecological 
habitats and stabilize streamflows by storing peak 
discharges and releasing water during low-flow con
ditions. Wetlands also have important recreational, 
educational, and aesthetic values. 

A sound stormwater and floodland management plan 
should, to the extent practicable, utilize the stormwater 
storage capacity of any existing natural wetlands, while 
preserving the quality of the wetlands. Thus, wetland 
preservation is an integral part of this plan. Wetlands 
in the study area were identified in a special inventory 
conducted by the Commission using aerial photo
graphic interpretation and field inspection supple
mented by analysis of mapped soi I data. The location 
and extent of wetlands in the subwatershed are shown 
on Map 2 and quantified in Table 1. In 1990, there 
were approximately 271 acres of wetlands in the 
Dousman Ditch subwatershed, and 439 acres in the 
Underwood Creek subwatershed comprising about 
12 percent and 9 percent of the areas, respectively. 
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Those areas should remain the same under build
out conditions. 

Navigability Assessment for Streams 
in the Dousman Ditch and Underwood 
Creek Subwatersheds 
Reasons for the Determination of Navigability 
The Wisconsin Department of Natural Resources 
(WDNR) and the U.S. Army Corps of Engineers 
(USCOE) have authority to regulate wetlands and 
waterways. Regulatory actions of the WDNR relative 
to waters of the State are carried out pursuant to 
authority granted in Chapters 30 and 31 of the 
Wisconsin Statutes. The USCOE has similar authority 
relative to waters of the United States. 

As set forth in Chapters 30 and 31, the following 
activiti~s of possible interest relative to stormwater 
and flood land management planning require a 
determination of navigability in order to ascertain 
whether the activity requires a permit from the State 
of Wisconsin: 

• Construction, dredging, or enlargement of any 
artificial waterway, canal, channel, ditch lagoon, 
pond, lake, or similar waterway where the 
purpose is ultimate connection with existing 
navigable waters. 

• Connecting any artificial waterway, canal, chan
nel, ditch lagoon, pond, lake, or similar waterway 
with an existing body of navigable water. 

• Grading or removing topsoil from the bank of 
any navigable waterbody where the area exposed 
by such grading or soil removal will exceed 
10,000 square feet. 

• Straightening or changing the course of any 
navigable stream. 

• Enclosure of navigable waters in a drain, conduit, 
storm sewer, or similar structure. 

• Construction of private bridges. 

• Placement of any structure on the bed of a 
navigable waterway. 

• Placement of riprap to prevent erosion of the bed 
or bank of a navigable waterway. 



• Construction of a dam in a navigable waterway. 

In addition, as described below, navigability deter
minations affect the delineation of the boundaries of 
the shore land zone and, therefore, the designation of 
shore land wetlands. 

Two activities in waterways that are regulated under 
Chapter 30, regardless of the whether the waterbody 
in question is navigable, are: 

• Removal of material from the bed of any lake 
or stream. 

• Diversion of water from a stream. 

Regulations Governing Shoreland 
Wetlands in Southeastern Wisconsin 
The shore land wetland areas of the Southeastern 
Wisconsin Region are regulated by Counties pursuant 
to Chapter NR 115 of the Wisconsin Administrative 
Code, and by Cities and Villages pursuant to Chapter 
NR 117 of the Wisconsin Administrative Code. 
Wetlands regulated pursuant to Chapters NR 115 and 
NR 117 of the Wisconsin Administrative Code are 
those wetlands of five or more acres in areal extent, 
located within the shore land zone. The shore land zone 
is the area located within 300 feet of the ordinary 
high water mark of a navigable stream, or within 1,000 
feet of the ordinary high water mark of a lake, pond, or 
flowage, or within the 100-year recurrence interval 
floodplain of the navigable stream, lake, pond, or 
flowage, whichever is greater. These shoreland-wetland 
rules are administered through local zoning ordinances 
and overseen by the WDNR. In addition, the U.S. 
Army Corps of Engineers has authority over wetland 
filling activities. Pursuant to the provisions of Chapter 
NR 103 of the Wisconsin Administrative Code, which 
establishes water quality standards for wetlands, the 
WDNR must grant Water Quality Certification before 
a USCOE wetland permit is considered to be valid. 

Determination of Navigability 
Provisions set forth in the Northwest Ordinance of 
1787, and reflected in the Wisconsin Constitution of 
1848, declare the navigable waters of the State to be 
public waters that the public has a right to use and 
enjoy. The criteria for determining navigability having 
been refined over the years by decisions rendered by 
the Wisconsin Supreme Court. Natural streams are 
considered to be navigable if they contain a defined bed 
and bank, present evidence of an ordinary high water 
mark, and demonstrate an ability to float a small 

watercraft on a recurring basis, even if this is only once 
a year or during periods of high water. ' 

Nonnatural or artificial waters may also be consid
ered navigable under specific circumstances. Thus, 
impoundments or flowages on navigable streams may 
be considered navigable. Artificial channels used to 
drain water from agricultural lands-so-called farm 
drainage ditches-such as some channels tributary to 
the upper reaches of Dousman Ditch, are not 
considered navigable, unless and until there is a change 
in adjacent land use from agricultural to an urban use, 
or it can be shown that the ditches were navigable 
streams prior to ditching. Likewise, artificial ponds 
constructed prior to 1988 may be considered navigable 
dependent upon whether the pond is directly or 
ultimately connected to an existing navigable water
way, whether the physical connection is above or 
below the ordinary high water mark of an existing 
navigable waterway, and whether the pond is within 
500 feet of an existing navigable waterway. Artificial 

, ponds constructed during or after 1988 are public only 
if they' are expressly made public through the per-' 
mitting process administered by the WDNR and set 
forth in Chapter 30 of the Wisconsin Statutes. 

The ordinary high water mark separates the area 
wherein public rights of navigation may be exercised 
from the area wherein private rights apply. The 
ordinary high water mark is defined as that point on 
a bank or shoreline where the water, by its presence, 
wave action or flow, leaves a distinct mark on the 
bank or shoreline. This mark may be indicated by 
erosion, changes in vegetation, or other, easily recog
nizable characteristic. With few exceptions, public 
rights prevail over private rights below the ordinary 
high water mark. The WDNR has responsibility 
for determining the location of the ordinary high 
watermark. 

Navigability Determination within the Dousman 
Ditch and Underwood Creek Watershed 
Map 6 sets forth a summary of navigability deter
minations recently conducted within the Dousman 
Ditch and Underwood Creek drainage area by the staffs 
of the WDNR, Regional Planning Commission, and 
City of Brookfield. These determinations were based 
upon the identification and verification of the channel 
configurations of the perennial and intermittent streams 
within the study area, using the U.S. Geological Survey 
base maps compiled in 1959 with revisions in 1971 at 
a scale of one inch equals 2,000 feet and the 
Commission's 1995 one inch equals 400 feet scale 
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STATUS OF STREAM NAVIGABILITY DETERMINATIONS IN THE STUDY AREA: 1999 
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digital orthophotographs. Those waterways previously 
detennined to be navigable were identified by the 
Commission staff based upon infonnation from the 
WDNR files maintained by the Division of Water 
Regulation and Zoning in the Southeast Region. 
Historical aerial photographs were used to establish the 
approximate years of construction of several ponds 
identified within the study area. These inventories were 
confinned during a joint field reconnaissance 
conducted on April 29, 1999, by WDNR, Commission, 
and City of Brookfield staffs. As shown on Map 6, four 
principal categories of waterway were identified, 
including 1) navigable waters, 2) nonnavigable waters, 
3) agricultural ditches, and 4) those waters for which 
navigability could not be detennined. This latter 
category included several ponds, located throughout 
the watershed, which could not be accessed during the 
field survey. 

Map 6 provides a basis from which a preliminary 
detennination of jurisdiction pursuant to shore land 
wetland and floodland pennitting requirements may 
be made by the City of Brookfield, Village of Elm 
Grove, WDNR, and U.S. AnnyCorps of Engineers. 
The ultimate detennination of jurisdiction remains a 
site-specific action to be undertaken by the WDNR 
pursuant to the procedures set forth in Chapter 30 of 
the Wisconsin Statutes. The navigability classifications 
set forth on the map are not all-inclusive and the 
navigability status of waterways may change over 
time based on changing site conditions. 

Bridges, Culverts, and Other Structures 
Bridges and culverts significantly influence the 
hydraulic behavior of a stream system. Constrictions 
caused by bridges and culverts can, during stonn 
events, result in backwater effects, thereby creating 
a floodland storage area upstream of the structure that 
is larger than that which would exist in the absence of 
the bridge or culvert. Depending on the character of 
the upstream lands, the floodland area may be a 
valuable flood storage zone if open lands are inundated 
or it may be a flooding problem area if structures 
and roads are flooded. Thus, if restrictive bridges or 
culverts do not contribute to the creation of an upstream 
flood and hazard and if the associated roadway meets 
established standards relative to the frequency of 
overtopping during floods, replacement with a larger 
structure may not be desirable. Such replacement 
could create new downstream flooding problems, or 
exacerbate existing problems, by reducing the available 
flood storage volume and increasing downstream flood 
flows and stages. 

Table 7 provides infonnation on the size and types of 
bridges and culverts along Dousman Ditch, Underwood 
Creek, the North Branch of Underwood Creek, and 
their tributaries. 

Flood Discharges and Natural Floodlands 
Floodlands in Wisconsin are regulated pursuant to 
Chapter NR 116 of the Wisconsin Administrative Code. 
The provisions of Chapter NR 116 require counties, 
cities, and villages to regulate activities within the area 
along a stream that is estimated to be inundated by 
runoff arising from a one in 100-year recurrence 
interval flood. Floodland regulations are set forth in 
local zoning ordinances. The WDNR has oversight 
authority relative to the administration of the local 
floodland zoning ordinances. 

As stated in Chapter I of this report, flood insurance 
studies were prepared for the City of Brookfield and 
the Village of Elm Grove, including Dousman Ditch 
and Underwood Creek, by the Federal Emergency 
Management Agency as documented in the August 
1986 Flood Insurance Study for the City of Broolifield, 
Waukesha County, Wisconsin, and the January 1982 
Flood Insurance Study for the Village of Elm Grove, 
Waukesha County, Wisconsin. 

The flood flows developed for those studies were 
reviewed and updated for the floodland management 
element ofthis study. Chapter VI of this report presents 
refined estimates of the flood flows under planned land 
use and existing and planned channel conditions. 

The Federal flood insurance study reports include flood 
insurance rate maps which show the expected eleva
tions of the base 100-year flood and the attendant flood 
hazard areas. Map 5 shows the flood hazard areas 
as delineated in the Federal flood studies. 

STORMWATER DRAINAGE 
AND FLOODING PROBLEMS 

Stormwater Drainage Problems 
Generalized areas with known existing drainage 
problems as identified by the staffs of the City of 
Brookfield and the Village of Elm Grove are shown on 
Map 7. Existing stonnwater drainage problems are 
described in detail in Chapter V of this report. 

The identified existing and potential drainage problems 
were considered in the evaluation of the existing 
stonnwater drainage system and in the design of alter
native stonnwater and floodland management system 
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Table 7 

STRUCTURE INFORMATION FOR UNDERWOOD CREEK, DOUSMAN DITCH, AND TRIBUTARIES 

Structure Upstream Downstream 
Structure Structure U. S. Public land length Invert Elevation Invert Elevation 
Number Identification Survey Section Structure Type and Size (feet) (feet NGVD) (feet NGVD) 

Underwood Creek 

1230 United Parcel NE 1/4, SE 1/4, Double 12.0-foot-wide by 7.9- 50.6 715.6 715.6 
Service bridge Section 25 foot-high structural plate 

pipe arch 

1232 Pedestrian bridge NE 1/4, SE 1/4, 64.4-foot-wide wood bridge 10.0 715.4 715.4 
Section 25 

1240 Private bridge NE 1/4, SE 1/4, 22.0-foot-wide concrete 23.8 716.5 716.5 
Section 25 bridge 

1245 Private bridge NE 1/4, SE 1/4, 22.0-foot-wide concrete 23.8 717.4 717.4 
Section 25 bridge 

1250 Private bridge NE 1/4, SE 1/4, 35.5-foot-wide concrete 21.4 718.3 718.3 
Section 25 bridge 

1255 Private bridge NW 1/4, SE 1/4, 28.0-foot-wide concrete 15.0 720.6 720.6 
Section 25 bridge 

1260 Canadian Pacific SW 1/4, NE 1/4, 40.7-foot-wide, three-span 13.3 725.1 725.1 
Railway Section 25 concrete bridge 

1265 Private bridge SW 1/4, NE 1/4, 23.0-foot-wide concrete 15.4 727.8 727.8 
Section 25 bridge 

1270 Wall Street SE 1/4, NW 1/4, 28.0-foot-wide concrete 28.3 729.5 729.5 
Section 25 bridge 

1271 Elm Grove NE 1/4, NW 1/4, 22.0-foot-wide by 6.2-foot- 570.0 732.4 730.0 
shopping Center Section 25 high box culvert 
Enclosure 

1275 W. Watertown NE 1/4, NW 1/4, 24.0-foot-wide by 8.8-foot- 66.6 731.7 731.7 
Plank Road Section 25 high box culvert 

1276 Private bridge NE 1/4, NW 1/4, 22.0-foot-wide by 8.0-foot- 100.0 733.9 733.4 
Section 25 high box culvert 

1280 Private bridge NE 1/4, NW 1/4, 20.0-foot-wide concrete 30.0 733.2 732.1 
Section 25 bridge 

1290 Canadian Pacific NE 1/4, NW 1/4, 26.0-foot-wide, two-span 28.4 734.2 734.2 
Railway Section 25 concrete bridge 

1295 Juneau Boulevard SE 1/4, SW 1/4, 20.0-foot-wide concrete 33.0 735.3 735.2 
Section 24 bridge 

1300 Village Hall bridge SE 1/4, SW 1/4, 29.0-foot-wide concrete 28.0 736.7 736.7 
Section 24 bridge 

1305 Marcella Avenue SE 1/4, NE 1/4, Four 9.6-foot-wide by 4.8- 30.5 741.7 741.6 
Section 23 foot-high corrugated metal 

arch 

1310 North Avenue SE 1/4, SE 1/4, 29.0-foot-wide concrete 63.4 744.7 744.7 
Section 25 bridge 

1313 Private Drive SW 1/4, NE 1/4, Four 5.0-foot-diameter and 28.0 749.3a 749.3a 

Section 14 double 4.0-foot-diameter 
corrugated metal pipe 

1315 Clearwater Road SW 1/4, NE 1/4, Four 4.5-foot-diameter 40.0 750.0 750.3 
Section 14 corrugated metal pipe 

1320 Santa Maria Court SW 1/4, NW 1/4, 32.5-foot-wide, two-span 38.0 762.9 762.9 
Section 14 concrete bridge 

1325 Woodbridge Road SW 1/4, NW 1/4, 12.0-foot-wide concrete 31.0 777.3 777.3 
Section 14 bridge 
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Table 7 (continued) 

Structure Upstream Downstream 
Structure Structure U. S. Public Land Length Invert Elevation Invert Elevation 
Number Identification Survey Section Structure Type and Size (feet) (feet NGVD) (feet NGVD) 

1330 Indian Creek SW 1/4, NW 1/4, 11 .6-foot-wide by 7.4-foot- 34.8 786.7 786.7 
Parkway Section 14 high structural plate pipe-

arch 

1335 Canadian Pacific NW 1/4, SW 1/4, 10.0-foot-wide arch stone 54.0 794.4 794.4 
Railway Section 14 bridge 

1339 Private bridge NW 1/4, SW 1/4, 9.0-foot-wide concrete bridge 12.0 801.3 801.3 
Section 14 

1345 Private bridge NW 1/4, SW 1/4, 8.0-foot-wide concrete bridge 17.0 811.6 811.6 
Section 14 

1350 Pilgrim Parkway NE 1/4, SE 1/4, 16.0-foot-wide concrete 28.0 814.8 814.8 
Section 15 bridge 

1353 Wirth Park bridge NW 1/4, SE 1/4, 3.5-foot-diameter corrugated 22.0 819.1 818.6 
Section 15 metal pipe 

1355 Canadian Pacific SE 1/4, NW 1/4, 1 8-inch-diameter reinforced 30.0 823.3 823.3 
Railway Section 15 concrete pipe 

1355A Canadian Pacific NW 1/4, SE 1/4, 36-inch-diameter reinforced 40.0 821.0 820.8 
Railwayb Section 15 concrete pipe 

Dousman Ditch 

1355B Canadian Pacific SE 1/4, SE 1/4, 35.0-foot-wide, two-span 13.0 815.6 815.6 
Railway Section 15 concrete bridge 

1360 North Avenue SE 1/4, SE 1/4, Triple 8.0-foot-diameter 130.0 816.4 814.7 
Section 15 reinforced concrete pipe 

1370 Gebhardt Road SE 1/4, NE 1/4, 44.0-foot-wide concrete 46.4 818.3 818.3 
Section 22 bridge 

1372 Private Drive NE 1/4, NE 1/4, 13.8-foot-wide concrete 20.0 820.0 820.0 
Section 27 bridge 

1376 Field Crossing NE 1/4, NE 1/4, 5.0-foot-diameter corrugated 18.0 821.8 821.8 
Section 27 metal pipe and 4.2-foot-wide 

by 2.6-foot-high corrugated 
metal pipe arch 

1377 Field Crossing SW 1/4, NE 1/4, 3.0-foot-diameter corrugated 21.0 823.4 823.4 
Section 27 metal pipe and 4.5-foot-wide 

by 3.4-foot-high corrugated 
metal pipe arch 

1380 Private Drive SW 1/4, NW 1/4, Triple 5.5-foot-diameter 32.0 824.4 824.2 
Section 27 corrugated metal pipe 

North Branch of Underwood Creek 

NBUC1 Burleigh Road NW 1/4, NE 1/4, 4.8-foot-wide by 3.0-foot-high 60.0 751.8 751.6 
Section 14 corrugated metal pipe arch 

Bishops Woods Tributary 

BWTRIB1 Canadian Pacific NW 1/4, SE 1/4, 8.2-foot-wide by 5.8-foot-high 62.0 726.1 725.3 
Railway Section 25 structural plate pipe arch 

BWTRIB2 Apartments Parking NW 1/4, SE 1/4, 8.2-foot-wide by 5.2-foot-high 253.0 729.7 727.4 
Lot Enclosure Section 25 horizontal elliptical reinforced 

concrete pipe 

BWTRIB3 Private Drive NW 1/4, SE 1/4, 8.2-foot-wide by 5.2-foot-high 39.0 731.0 730.2 
Section 25 horizontal elliptical reinforced 

concrete pipe 

BWTRIB4 Elm Grove Storm NE 1/4, SW 1/4, 8.2-foot-wide by 5.2-foot-high 300.0 742.3 736.4 
Sewer-East pipe Section 25 horizontal elliptical reinforced 

concrete pipe 
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Table 7 (continued) 

Structure Upstream Downstream 
Structure Structure U. S. Public Land Length Invert Elevation Invert Elevation 
Number Identification Survey Section Structure Type and Size (feet) (feet NGVD) (feet NGVD) 

BWTRIB5 Elm Grove Storm NE 1/4, SW 1/4, 6.0-foot-diameter reinforced 200.0 746.2 742.3 
Sewer-West pipe Section 25 concrete pipe 

BWTRIB6 Blue Mound Road NE 1/4, SW 1/4, Double 4.5-foot-diameter 170.0 748.0 746.2 
Section 25 reinforced concrete pipe 

BWTRIB7 Bishops Lane SE 1/4, SW 1/4, Double 6.0-foot-wide by 3.7- 36.0 760.5 760.0 
Section 25 foot-high corrugated metal 

pipe 

BWTRIB8 Bishops Way NE 1/4, .NW 1/4, Double 6.0-foot-wide by 3.7- 220.0 800.0 795.0 
Section 36 foot-high corrugated metal 

pipe 

BWTRIB9 Sunny slope Road NW 1/4, NW 1/4, 3.5-foot-wide by 2.4-foot-high 70.0 853.6 850.3 
Section 36 corrugated metal pipe 

BWTRIB1 Indian Ridge Drive NE 1/4, NE 1/4, 3.6-foot-wide by 2.3-foot-high 80.0 872.6 871.9 
0 Section 35 corrugated metal pipe 

Lilly Road Tributary 

LRTRIB1 Lilly Road NE 1/4, NE 1/4, 5.3-foot-wide by 3.6-foot-high 60.0 756.0 755.5 
Section 14 corrugated metal pipe arch 

Woodlawn Circle Tributary 

WCTRIB1 Park Drive SW 1/4, SW 1/4, 1 8-inch-diameter corrugated 83.0 747.5 745.6 
Section 24 metal pipe 

WCTRIB2 Canadian Pacific NW 1/4, SW 1/4, Double 4.0-foot-diameter 37.0 760.0 759.5 
Railway-East Section 24 reinforced concrete pipe 
track 

WCTRIB3 Canadian Pacific NE 1/4, SE 1/4, 8.0-foot-wide by 3.5-foot-high 34.0 766.6 766.2 
Railway-West Section 23 box culvert 
track 

WCTRIB4 Woodlawn Circle SE 1/4, SE 1/4, 30-inch-diameter corrugated 94.0 775.0 772.7 
Section 23 metal pipe 

WCTRIB5 Hillside Road SE 1/4, SE 1/4, 30-inch-diameter corrugated 40.0 781.0 779.5 
Section 23 metal pipe 

WCTRIB6 Rock Court SE 1/4, SE 1/4, 30-inch-diameter corrugated 42.0 794.9 793.7 
Section 23 metal pipe 

Wrayburn Tributary 

WRTRIB1 Wrayburn Road NW 1/4, NW 1/4, Double 4.0-foot-wide by 2.8- 46.0 745.3 745.1 
Section 24 foot-high corrugated metal 

pipe arch 

WRTRIB2 Hollyhock Lane NW 1/4, NW 1/4, Double 4.0-foot-wide by 2.8- 180.0 747.4 746.5 
Section 24 foot-high corrugated metal 

pipe arch 

WRTRIB3 Arrowhead Court NE 1/4, NW 1/4, Double 4.0-foot-wide by 2.8- 50.0 757.4 756.8 
Section 24 foot-high corrugated metal 

pipe arch 

WRTRIB4 Crossing between NW 1/4, NE 1/4, 4.0-foot-wide by 2.8-foot-high 46.0 762.7 762.5 
Arrowhead Court Section 24 corrugated metal pipe arch 
and Fairhaven 
Boulevard 

aThese are the invert elevations of the two 4.D-foot diameter corrugated metal pipes, which are set lower than the four 5.D-foot 
diameter corrugated metal pipes. 

bStructure is located east of the Canadian Pacific Railway crossing of Underwood Creek. 

Source: SEWRPC. 
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Map7 

EXISTING GENERALIZED STORMWATER DRAINAGE AND FLOODING PROBLEM AREAS THE UNDERWOOD CREEK 
AND DOUSMAN DITCH SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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plans. Those plans are thus intended to abate stonn
water drainage and flooding problems during stonns 
with recurrence intervals up to, and including, 100 
years. Because the June 1997 and August 1998 stonns 
described in Chapter V had recurrence intervals in 
excess of 100 years and because localized drainage 
system inadequacies, electrical power outages, and 
sanitary sewer infiltration contributed to flooding prob
lems during those storms, the recommended measures 
would not completely eliminate all problems experi
enced during such stonns. However, the measures 
would reduce the severity of the problems experienced 
even during stonns with recurrence intervals greater 
than 100 years. 

Infiltration of groundwater and inflow of stonnwater 
into sanitary sewers is a problem related to stonn
water drainage. Infiltration may be defined as water 
that leaks into a sanitary sewerage system through 
defective pipes, pipe joints, connections, or manhole 
walls. Inflow may be defined as water discharged into 
a sanitary sewerage system from such sources as roof 
leaders, cellar, yard, and area drains, foundation drains, 
cooling water discharges, drains from springs and 
swampy areas, manhole covers, cross connections from 
stonn sewers and combined sewers, catch basins, stonn 
waters, surface runoff, street wash waters, or drainage. 

The Underwood trunk sewer (Underwood interceptor) 
is connected to the metropolitan trunk sewer system 
of the Milwaukee Metropolitan Sewerage District 
(MMSD). Infiltration/inflow studies of the City and 
Village sanitary sewer systems in the Lake Michigan 
drainage basin, including the Dousman Ditch and 
Underwood Creek subwatersheds, were prepared by 
the MMSD in 1978. Those studies found excessive 
infiltration and inflow and were, therefore, followed by 
a sewer system evaluation survey by the MMSD in 
1981. That survey recommended a sanitary sewer 
rehabilitation program to reduce infiltration and inflow. 
Subsequent to the sewer system evaluation survey, 
the City and the Village undertook sewer system 
improvements to reduce infiltration and inflow. In 
addition, the downstream conveyance facil ities were 
modified as recommended in the MMSD 1980 facility 
plan, including upgrades to the metropolitan trunk 
sewer system. As described in Chapter V, the City 
and Village have taken additional action to investigate 
and reduce sources of infiltration and inflow to the 
sanitary sewer system. 

The City and Village ordinances prohibiting the 
connection of clearwater drains to the sanitary sewer 
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system and efforts directed toward reduction of 
infiltration and inflow, along with the provision of 
an effective stonnwater drainage and flood land man
agement system as recommended in this report, should 
help limit infiltration and inflow to the sanitary 
sewerage system. 

Flooding Problems 
The severity of flooding problems along Dousman 
Ditch and Underwood Creek has increased over time 
as urban development has proceeded in the subwater
shed. Historic flooding problems through 1973 are 
documented in SEWRPC Planning Report No. 26, A 
Comprehensive Plan for the Menomonee River Water
shed, Volume One, October 1976. The flood of 
June 23, 1940, resulted in localized street closings of 
W. Bluemound Road due to flooding, while the flood 
of March 30, 1960, resulted in serious flooding along 
the 1.70-mile reach of Underwood Creek from the 
Milwaukee-Waukesha county line upstream to the 
north end of the Village Park. Damage included 
flooding to the business district, flooding of basements 
and lower floors, and flooding of roadways. The flood 
of July 17-18, 1964 resulted in localized street flooding 
of W. Bluemound Road at the Waukesha-Milwaukee 
county line. The flood of September 18, 1972, resulted 
in localized street closings on W. Bluemound Road, 
and W. North Avenue, as well as some basement 
flooding. The flood of April 21, 1973, resulted in 
serious flooding. This included damage to residential, 
business, industrial, and commercial sections of Elm 
Grove. Flooding was both primary and secondary and 
occurred along the entire 2.25-mile reach through Elm 
Grove. While the stonn of August 6, 1986, produced 
very heavy rain in parts of Milwaukee County, rainfall 
in the study areas was less severe and flooding was 
generally localized. The effects of the floods of June 
21, 1997 and August 6, 1998, are described in detai I in 
Chapter V of this report. 

DESCRIPTION OF SOURCES 
OF WATER POLLUTION 

The quality of the surface waters in the Dousman Ditch 
and Underwood Creek subwatersheds is an important 
concern of this study. Improper storm water manage
ment may result in pollutant contributions from these 
watersheds to the streams and also in high flow 
velocities and volumes, which can cause erosion of 
streambanks and scour of the streambed. Under these 
conditions, high pollutant loadings are contributed, 
some of which are deposited in downstream beds, 
thereby potentially influencing water quality conditions 
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over a relatively long period of time. Erosion and the 
resulting sediment contributed to the stream systems 
can destroy important stream and riparian habitat and 
aquatic life and can result in the discharge of pollutants, 
such as nutrients, pesticides, and metals, which are 
transported in the stream system attached to sediment 
particles. Storm water runoff from urban lands, include
ing lawns and pavements, can contain high concen
trations of water pollutants, such as organic substances, 
nutrients, fecal coliform organisms, metals, and sedi
ment. High pollutant concentrations and excessive 
erosion and sedimentation in the streams of the 
subwatersheds reduce their suitability, and the suit
ability of downstream waters, for recreational uses such 
as swimming, fishing, and boating; limit the ability of 
the waterbody to support desirable forms of fish and 
other aquatic life; adversely affect the aesthetics of the 
water resource; reduce the hydraulic capacity of 
drainage channels and streams; and result in the loss of, 
or damage to, public and private property. 

There are no Wisconsin Pollutant Discharge Elimi
nation Systems (WPDES) stormwater discharge 
permits for discharges to any streams in the study 
area. There is one WPDES general wastewater per
mitted point sources of pollution which discharges 
to Dousman Ditch. There are two WPDES general 
wastewater permitted point sources of pollution which 
discharge to Underwood Creek or its tributaries. Thus, 
both point and nonpoint sources of pollution account 
for the pollutant loadings to Underwood Creek and its 
tributaries. The nonpoint sources include urban and 
rural land storm water runoff, construction site erosion, 
stream bank erosion, atmospheric contributions, and 
industrial material leaks and spills. Pollutant loading 
estimates to Dousman Ditch and Underwood Creek are 
presented in Chapter IV of this report. 

Rural Land Runoff 
As noted previously, as of 1999, much of the land in 
the study area that was identified as rural in 1990 has 
been developed in urban uses. Thus, the importance of 
rural land runoff as a source of pollution to these 
subwatersheds has decreased. 

Much of the remaining rural land is natural, undis
turbed woodlands and wetlands that contribute few 
pollutants to surface waters. Within the Dousman Ditch 
subwatershed, no conversion is expected to take place 
of existing woodlands and wetlands, while in the 
Underwood Creek subwatershed, only about 17 percent 
of the present woodland and none of the wetland area 
is expected to be converted to urban use under buildout 

conditions. These natural areas will, thus, remain as 
important natural buffers to help reduce pollutant 
loadings to the streams. 

Urban Land Runoff 
Under buildout land use conditions, urban land uses 
are expected to cover about 81 percent and 86 percent 
of the Dousman Ditch and Underwood Creek sub
watersheds, respectively. Stormwater runoff from 
lawns, rooftops, streets and driveways, parking lots, 
and storage areas contributes sediment, nutrients, 
organic matter, oil and grease, bacteria, metals, and 
toxic organic substances to streams. Urban develop
ment generally increases stormwater flow rates and 
runoff volumes and the loadings of some pollutants. 
Storm water runoff impacts are most severe in areas 
having large amounts of impervious areas directly 
connected to storm sewers or receiving waters. 
Storm water pollutant concentrations and loadings vary 
considerably depending on the land use and land 
management activities. 

Of particular concern is the potential for loadings of 
some priority pollutants. The priority pollutants are 
126 substances identified by the U.S. Environmental 
Protection Agency as potentially being found in surface 
waters and which, in excessive concentrations, are 
toxic to humans or to fish and other aquatic life. Some 
of these priority pollutants may be deposited in the 
bottom sediments, potentially contaminating fish food 
supplies and having toxic effects on benthic organisms. 
Certain pollutants accumulate in the tissue of aquatic 
organisms. The Wisconsin Department of Natural 
Resources has issued fish consumption advisories for 
some urban streams because of accumulations of 
polychlorinated biphenyls (PCBs) in the tissue of fish. 
The U.S. Environmental Protection Agency, as part of 
the Nationwide Urban Runoff Program completed in 
1983,4 measured the concentration of priority pollutants 
in 121 urban runoff samples collected at 61 sites 
located throughout the United States. The Agency 
reported that 77 of the 126 priority pollutants were 
each detected in at least one of the urban runoff 
samples. Each of 17 of the priority pollutants listed in 
Table 8 were detected in more than 10 percent of the 
runoff samples. Five of the substances, all metals, were 
detected in more than 50 percent of the samples tested, 

4u.S. Environmental Protection Agency, Results of 
the Nationwide Urban Runoff Program, Volume I, 
Final Report, December 1983. 
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Table 8 

PRIORITY POLLUTANTS DETECTED 
IN MORE THAN 10 PERCENT OF 

URBAN STORMWATER RUNOFF SAMPLES 
TESTED THROUGHOUT THE UNITED STATES: 1983 

Detection 
Level 

Priority Pollutant (percent) 

1. Lead 94 
2. Zinc 94 
3. Copper 91 
4. Chromium 58 
5. Arsenic 52 
6. Cadmium 48 
7. Cyanide 23 

8. 0( - Hexachlorocyclohexane 20 

9. 0( - Endosulfan 19 

10. Pentachlorophenol 19 
11. Chlordane 17 
12. Fluoranthene 16 

13. Y - Hexachlorocyclohexane (Lindane) 15 

14. Pyrene 15 
15. Phenol 14 
16. Phenanthrene 12 
17. Dichloromethane (methylene chloride) 11 

Source: U. S. Environmental Protection Agency. 

with three of those metals, lead, zinc, and copper, 
detected in more than 90 percent of the samples. The 
metals lead, zinc, copper, and cadmium were also 
frequently detected at all of the sites monitored under 
a Nationwide Urban Runoff Program project conducted 
in Milwaukee County. 5 

Toxic organic substances were less prevalent than 
were metals in the runoff samples. All of the organic 
substances tested were identified in 20 percent or less 
of the samples tested. 

The U.S. Environmental Protection Agency reported 
that acute and/or chronic water quality criteria recom-

5 R Bannerman, K. Baun, M Bohn, P.E. Hughes, and 
D.A. Graczyk, Evaluation of Urban Nonpoint Source 
Pollution Management in Milwaukee County, Wis
consin, Volume L Urban Storm water Characteristics, 
Sources, and Pollutant Management by Street 
Sweeping, Us. Environmental Protection Agency, PB 
84-113164,1983. 
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mended by the Agency for lead, zinc, copper and 
cadmium levels were exceeded in some of the urban 
runoff samples.s Exceeding the criteria does not 
necessarily indicate that an actual violation of the 
criteria would occur in receiving waters. However, 
urban runoff constitutes the majority of the flow in 
Dousman Ditch and Underwood Creek during storm 
events. Thus, criteria violations could indeed occur in 
these streams during storm events if nonpoint source 
controls are not provided. 

Table 9 presents a general list of selected toxic 
substances frequently detected in stormwater runoff 
from residential and industrial land. Pesticides were 
most frequently found in residential areas, while 
industrial land runoff more often contained other toxic 
organic substances. Metals were frequently found in 
both residential and industrial land runoff. 

Potential sources of selected toxic substances in urban 
runoff are listed in Table 10. Studies have found 
that some substances, such as Lindane, dieldrin, 
polychlorinated biphenyls, and some metals, are 
contributed to urban waters during both wet weather 
and dry weather.7 Automobile use contributes to 
loadings of several priority pollutants. Substances 
contributed by coal and wood combustion, plastics, 
and preserved wood may be difficult to control at 
their source. 

Construction Site Erosion 
Construction site erosion is a significant potential 
source of sediments to Dousman Ditch and Underwood 
Creek. In the period from 1990 to achievement of 
buildout land use conditions, it is expected that 238 
acres, or about 11 percent of the Dousman Ditch 
subwatershed, and 369 acres, or about 8 percent of 
the Underwood Creek subwatershed, will be converted 
from rural to urban use. As of 1999, much of that 
conversion of land had occurred and stringent 
construction control ordinances were being enforced in 
both the City of Brookfield and the Village of Elm 

6US. Environmental Protection Agency, Results of 
the Nationwide Urban Runoff Program, Volume L 
Final Report, December 1983. 

7R. Pitt and J. McLean, Toronto Area Watershed 
Management Strategy Study: Humber River Pilot 
Watershed Project, Ontario Ministry of the Environ
ment, Toronto, Ontario, 1986. 
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Table 9 

SELECTED TOXIC SUBSTANCES FREQUENTLY DETECTED 
IN RESIDENTIAL AND INDUSTRIAL LAND STORMWATER RUNOFF 

Toxic Substance 

Haloginated Aliphatics 
1,2,-dichlorethane 
Methylene chloride 
Tetrachlorethylene 

Phthalate Esters 
Bis (2-Ethylene) phthalate 
Butylbenzyl phthalate 
Diethyl phthalate 
Di-N-Butyl phthalate 

Polycyclic Aromatic Hydrocarbons 
Phenanthrene 
Pyrene 
Chrysene 
Fluoranthene 

Other Volatile Compounds 
Benzene 
Chloroform 
Ethylbenzene 
N-Nitro-sodimethylamine 
Toluene 

Metals 
Chromium 
Copper 
Lead 
Zinc 

Pesticides and Phenols 

Y - Hexachlorocyclohexane (Lindane) 
Chlordane 
Dieldrin 
Endosulfan sulfate 
Endrin 
Isophorone 
Methoxychlor 
Polychlorinated biphenyls 
Pentachlorophenol 
Phenol 
IX - Hexachlorocyohexane 

Source: Wisconsin Department of Natural Resources. 

Grove. Thus, the relative contribution of sediment from 
construction sites would be expected to diminish in 
the future. 

Construction activities typically involve soil disturb
ance, the destruction of the vegetative cover, and 
changes in surface topography and drainage. In 
particular, the clearing and grading of construction sites 

Residential Industrial 
Land Runoff Land Runoff 

- - X 
- - X 
-- X 

X - -
X X 
-- X 
X X 

- - X 
- - X 
X X 
- - X 

X X 
- - X 
- - X 
- - X 
- - X 

- - X 
X X 
X X 
X X 

X - -
X - -
X - -
X - -
X - -

X - -

-- X 
X X 
X X 
X - -
X - -

subjects the soils to high erosion ra,tes. Erosion rates 
from construction sites are typically 10 to 20 times 
higher than rates from agricultural land.8 This exces 

BS.J. Goldman, K. Jackson, and T.A. Bursztynsky, 
Erosion and Sediment Control Handbook, McGraw
Hill Book Company, 1986. 
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Table 10 

POTENTIAL SOURCES OF SELECTED TOXIC SUBSTANCES FOUND IN URBAN RUNOFF 

Toxic Substances Automobile Use 

Melogenated Aliphatics 
Methylene chloride - -
Methyl chloride Leaded gas 

Phthalate Esters 
Bis(2-ethyhexyl) phthalate - -
Butylbenzyl phthalate - -

Di-N-butyl phthalate - -
Polycyclic Aromatic Hydrocarbons 

Chrysene Gasoline oil/grease 
Phenanthrene Gasoline 
Pyrene Gasoline, soil, 

asphalt 

Other Volatile Compounds 
Benzene Gasoline 
Chloroform Formed from salt, 

gasoline, asphalt 
Toluene Gasoline, asphalt 

Metals 
Chromium Metal corrosion 

Copper. Metal corrosion 

Lead Gasoline, batteries 
Zinc Metal corrosion, road 

salt, rubber 

Pesticide and Phenols 
Y - Hexachlorocyclohexane --

(Lindane) 
Chlordane - -
Dieldrin --
()( - Endosulfan --
()( - Hexachlorocyclohexane --
Pentachlorophenol --
Polychlorinated biphenyls - -

Source: Wisconsin Department of Natural Resources. 

sive soil erosion frequently causes onsite construction 
problems, and the eroded sediment often causes 
sedimentation problems in downstream areas. The 
sediments are frequently deposited in storm sewers, 
culverts, drains, and waterways, decreasing their 
capacities and clogging them, sometimes causing 
flooding problems. Furthermore, erosion of the soil 
from the site is, in many cases, a loss of a valuable 
natural resource. 
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Pesticide Use Industrial Use 

Fumigant Plastics, paint remover, solvents 
Fumigant Refrigerant, solvent 

- - Plasticizer 
- - Plasticizer, printing inks, paper, 

stain, adhesive 
Insecticide - -

- - Solvent 
- - Wood and coal combustion 

Wood preservative Wood and coal combustion 

- - Solvent 
Insecticide Solvent, chlorination 

- - Solvent 

- - Paint, metal corrosion, 
electroplating 

Algicide Paint, metal corrosion, 
electroplating 

- - Paint 
Wood preservative Paint, metal corrosion 

Mosquito control, - -
seed pretreatment 

Termite control --
Insecticide Wood processing 
Insecticide - -
Insecticide - -
Wood preservative Paint 

- - Electrical, insulation, paper 
adhesives 

These high sediment contributions also contain nutri
ents which may increase algal growths, reduce water 
clarity, deplete oxygen supplies, lead to fish kills, and 
create odors. Ecological damages to nearby streams 
often include erosion of stream banks and destruction of 
stream bank vegetation, covering of benthic fauna and 
fish spawning sites with sediment, filling of stream 
pools, and increased turbidity, which reduces instream 
photosynthesis and overall stream productivity. 
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Stream bank Erosion 
The energy of flowing water in a stream channel is 
dissipated along the stream length by turbulence, 
streambank and bed erosion, and sediment resus
pension. In general, increased urbanization may be 
expected to result in increased stream flow rates 
and volumes, with potential increases in streambank 
erosion and bottom scour. Streambank erosion destroys 
aquatic habitat, spawning, and feeding areas; con
tributes to downstream water quality degradation by 
releasing sediments to the water; and provides material 
for subsequent sedimentation downstream, which, in 
tum, covers valuable benthic habitats, impedes 
navigation, and fills downstream storm water storage 
basins, wetlands, ponds, and lakes. These effects may 
be mitigated by utilization of proper stormwater 
management practices. 

In the early 1990s, the WDNR conducted surveys 
of streambank erosion in the Dousman Ditch and 
Underwood Creek subwatersheds under the Meno
monee River priority watershed study. The stream 
surveys identified stream bank erosion areas along 
Underwood Creek and estimated the following: the 
stream length affected; the height of the eroding 
stream bank; the lateral recess, or erosion rate, of the 
bank; and the weight of sediment lost. Only about 150 
linear feet of stream bank were estimated to be eroding 
along Underwood Creek, as characterized in Chap
ter IV of this report. Commission staff observation of 
stream conditions during the 1999 field reconnaissance 
to assess navigability verified that stream bank erosion 
is not a widespread problem for the streams in the 
study area. 

Atmospheric Contributions 
Pollutants may also be contributed directly to surface 
waters through airborne emissions and subsequent dry 
fallout and washout. Atmospheric sources may be 
important contributions of sediment, nutrients, metals, 
and toxic organic substances. The total suspended 
particulate loading from the atmosphere in urban areas 
is up to 50 percent higher than in rural areas.9 These 
particles also act as carriers for other pollutants. 

Important nutrients contributed by the atmosphere are 
phosphorus and nitrogen. Windblown soil is the 

9 International Joint Commission, The IJC Menomo
nee River Watershed Study, Volume 8, Atmospheric 
Chemistry of Lead and Phosphorus, December 1979. 

major source of phosphorus in dry fallout. lO Particles 
containing phosphorus are also washed out by precipi
tation. Total phosphorus concentrations in rainwater are 
typically two to three times higher than the levels 
which can cause eutrophic conditions in lakes. Oxides 
of nitrogen may react with sodium, potassium, and 
other metals to form soluble nitrates which, when 
washed from the atmosphere, may contribute to the 
fertility of surface waters. Nutrient loadings from the 
atmosphere are usually highest in spring and summer, 
when nutrient contributions may have the most 
significant impact on aquatic plant growth. 

Atmospheric loadings are also important sources of 
metals, primarily lead, zinc, and cadmium." A major 
source of lead is from the exhaust of automobiles 
burning leaded gasoline. However, the increasing use 
of unleaded gasoline has resulted in a corresponding 
decrease in dissolved lead concentrations in surface 
waters.'2 Lead, like most metals, has an affinity for 
very small particles. 

Atmospheric sources also contribute to loadings of 
toxic organic substances such as polychlorinated 
biphenyls and polycyclic aromatic hydrocarbons 
(PAHs). PCBs, which are insoluble, are usually 
associated with extremely small particles, from 0.002 
to 0.1 micron in diameter.'3 PCB loadings from the 
atmosphere are highest near industrial areas. Although 
production of PCBs is now banned, much of the 

1Ou.s. Environmental Protection Agency, Determina
tion of Atmospheric Phosphorus Addition to Lake 
Michigan, EPA-600/3-80-063, July 1980. 

"International Joint Commission, The IJC Meno
monee River Watershed Study, Volume 6, Dispersi
bility of Soils and Elemental Composition of Soils, 
Sediments, and Dust and Dirt from the Menomonee 
River Watershed, December 1979. 

12R.B. Alexander and R.A. Smith, "Trends in Lead 
Concentrations in Major u.s. Rivers and Their 
Relation to Historical Changes in Gasoline-Lead 
Consumption," Water Resources Bulletin, Vol. 24, 
No.3, pp. 557-568, June 1988. 

'3 International Joint Commission, The IJC Menomo
nee River Watershed Study, Volume 9, Atmospheric 
Chemistry of PCBs and PAHs, March 1980. 
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present input of PCBs results from the low
temperature incineration of solid wastes that contain 
PCBs.14 P AHs are released to the atmosphere as a by
product of man-made combustion processes. 

Leaks and Spills ofIndustrial Materials 
Leaks and spills of industrial materials may be directly 
discharged to waterways or the materials may be 
transported to the waterways via storm water surface 
runoff and groundwater flow. These materials often 
contain toxic metals and organic substances which 
destroy stream bank vegetation, contaminate bottom 
sediments, and harm fish and aquatic life. Contami
nated bottom sediments may act as a residual source of 
the toxic substances, causing long-term effects which 
persist for years after the occurrence of the spill or leak. 
Industrial land uses only constitute about 0.3 percent of 
the total study area. Thus, while leaks or spills could 
occur, the small amount of industrial activity in the 
study area indicates that such leaks or spills would not 
be prevalent. 

EXISTING NONPOINT 
SOURCE POLLUTION CONTROL 
FACILITIES AND PROGRAMS 
WITHIN THE SUBWATERSHED 

Under existing conditions, control of nonpoint source 
pollutants within the Dousman Ditch and Underwood 
Creek subwatersheds is accomplished through the 
filtering and infiltration effects of roadside drainage 
swales; through sweeping of streets twice a year; 
through catch basin cleaning; through case-by-case 
storm water management requirements for new devel
opment or redevelopment; and through enforcement of 
construction erosion control ordinances. The City and 
the Village are reevaluating their ice and snow removal 
policies and considering reducing the use of sand on 
streets. Fifteen ponds in the study area serve to reduce 
loadings of nonpoint source pollutants to streams. 

14u.s. Environmental Protection Agency, Toxic 
Substances in the Great Lakes, EPA 905/9-80-005, 
June 1980. 
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DESCRIPTION AND ASSESSMENT 
OF EXISTING WATER QUALITY 
AND BIOLOGICAL CONDITIONS 

Stormwater management planning efforts require the 
evaluation of existing water quality conditions and of 
the relationship of those conditions to existing biologi
cal communities. This section discusses the existing 
water quality conditions in Dousman Ditch and Under
wood Creek based on the available data, which are 
limited. However, relatively extensive biological sur
veys have been conducted since 1984 by the Wisconsin 
Department of Natural Resources. Survey results 
summarized herein address fishery resources, bottom
dwelling organisms, and aquatic habitat conditions. 

Water Quality Conditions 
Limited water quality samples have been taken from 
Underwood Creek, and none have been taken from 
Dousman Ditch. Water quality samples were taken 
from 1968 to 1975, downstream from the study area, 
near 106th Street and Bluemound Road in the City of 
Wauwatosa. The samples indicated an average dis
solved oxygen concentration of 8.8 milligrams per 
liter (mg/l), with a minimum recorded concentration 
of5.3 mg/I. Average temperature during this time 
period was 74.7°F (23.7°C), with a maximum recorded 
temperature of 88.0°F (31.1 °C).15 Both values are 
suitable for fish and aquatic life. 

Fecal coliform counts during this time frame averaged 
2,595 membrane filter fecal coliform counts per 100 
milliliters (MFFCC/I00 ml), with a maximum count of 
14,000 MFFCC/lOO mi. The bacteria levels measured 
were, in general, higher than the levels which can be 
considered safe for full or partial body contact in 
recreational uses.16 

Known areas of concern have been documented 
which impact water quality in Underwood Creek. An 
unknown discharge which negatively impacts water 

15SEWRPC Technical Report No. 17, Water Quality 
of Lakes and Streams in Southeastern Wisconsin: 
1964-1975, June 1978 .. 

16Wisconsin Department of Natural Resources, 
Bacteria Report for the North Branch, East-West 
Branch, and Menomonee River Watershed, The Mil
waukee River Priority Watershed Project, 1985. 
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quality has been observed coming from the Brookfield 
Square shopping center, which is tributary to Dousman 
Ditch. South of the Elm Grove Village Park, and 
upstream from the confluence of Underwood Creek 
with the South Branch of Underwood Creek in 
Wauwatosa, an abandoned municipal/industriallandfill 
has been discharging leachate into the Creek, limiting 
water quality. 

Intermittent sanitary sewer relief discharges to Under
wood Creek have occurred during floods. The potential 
impacts of such discharges and the possibility of 
installing permanent bypass pumps for infrequent use is 
being evaluated by the City, Village, and WDNR. 

Fishery Resources 
The fish community in Dousman Ditch and Under
wood Creek is somewhat limited. Fish diversity and 
population are limited primarily due to low-flow 
conditions, especially in summer months, which is 
partly attributable to lowering of the water table. Some 
of the representative species include blacknose dace, 
creek chub, various species of sunfish, white sucker, 
and northern pike. 

Table 11 summarizes the fish species surveyed in 
Underwood Creek from 1984 to 1994. Of the 14 
species identified, six species were classified as sport 
fish; one species as intolerant of pollution; four species 
as tolerant of pollution; and three species as very 
tolerant of pollution. The fish community in 1984 was 
dominated by very tolerant brook stickleback, the 
tolerant creek chub and johnny darter, the tolerant 
white sucker, and the intolerant blacknose dace. In 
1994, the dominant species were the creek chub, white 
sucker, and blacknose dace. Three warmwater sport 
fish species, including green sunfish, bluegill, and 
northern pike, were identified in 1994. 

Benthic Organisms 
Benthic macroinvertebrates are bottom-dwelling 
organisms that are important sources of food for 
fish and also serve as an indicator of overall water 
quality conditions. 

A procedure known as the Hilsenhoff Biotic Index, 
based on the benthic invertebrates present, was used by 
the WDNR to classify overall water quality conditions. 
The Index calculations indicated that Underwood 
Creek had fair to poor water quality. Factors that are 
limiting macro invertebrate populations include stream 
modification, nonpoint source pollution from com-

mercial land uses, streambank erosion, unpermitted 
discharges, and low flow characteristics. 

Aquatic Habitat 
The aquatic habitat consists of those physical and 
biological characteristics of a surface water which 
determine its potential for supporting different com
munities of organisms. In 1984, the WDNR surveyed 
the habitat of the main stem of Underwood Creek and 
the Dousman Ditch. 

Upstream of Pilgrim Road, the fish and aquatic life 
habitat of Underwood Creek was somewhat suitable for 
various species. Substrates were primarily sand and 
gravel, with finer silts along the banks. Bank vegetative 
cover was dominated by grasses. Stream channel 
widths ranged from eight to 10 feet, and water depths 
in this segment ranged from one to 1.5 feet in runs. 
Bank erosion was not significant, due to the abundant 
grasses. Overall habitat for fish and aquatic life in 
this segment was rated by the WDNR as fair to poor. 

Downstream of Pilgrim Road to the Pomona Park 
Pond, the fish and aquatic life habitat improved. The 
substrate consisted of course sand to course gravel with 
small amounts of boulder material. Within the pond 
itself, bottom substrates were dominated by silts. 17 

Outside of the pond, the Creek was approximately eight 
feet wide, and water depths ranged from 0.3 to 0.5 foot 
in the riffles and runs and from 0.5 to one foot in the 
pools. This segment was primarily a series of riffles 
and shallow runs. Additional fish and aquatic life 
habitat was provided by pools which provide important 
habitat during low-flow periods. The banks were well 
covered with mixed grasses, shrubs, and trees, as well 
as a boulders and smaller rocks, resulting in limited 
erosion. Habitat in this segment was rated by the 
WDNR as fair. 

Downstream of the Pomona Park Pond to North 
A venue, the substrate was diverse, ranging from 
compact clay to course gravel. The channel banks had 
little ground cover, due to extensive shading from tree 
growth, making them more susceptible to bank erosion 
than previous segments. The channel width was 
approximately 12 to 15 feet and the water depths 
ranged from 0.1 to 0.3 foot in riffles, 0.5 to 0.75 foot in 
runs. Shallow pools had formed behind riffle areas and 

17The structure controlling outflow from that pond has 
been removed since the time of the survey. 
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Table 11 

FISHERY RESOURCES IN UNDERWOOD CREEK: 1984 THROUGH 1994 

Upstream of 
South Branch Upstream 
of Underwood of Juneau 

Creek Boulevard 

River Mile River Mile 

Tolerance 
3.10 4.00 

Species Classificationa 10/04184 OS/23/84 06/01/91 

Black Bullhead (letaluras mel as) WS -- I --
Blacknose Dace (Rhinichthvs ~) IT 46 18 --
Bluegill (Lepomis macrochirus) WS 1 6 --
Brook Stickleback ~ inconstans) VT -- _. _. 
Central Mudminnow (Umbralimi) VT 22 _. 1 
Creek Chub ~ atromaculatus) T 99 35 2 
Fathead Minnow (Pimephales promelas) VT -- 5 1 
Golden Shiner (Notemigonus crysoleucas) T 1 -- .-
Green Sunfish (Lepomis ~) WS -- -- 20 
Johnny Darter (Etheostoma nigrum) T -- I 1 
Northern Pike ~ lucius) wS -- -- 4 
Pumpkinseed Sunfish (lepomis gibbosus) WS -- 6 7 
Sunfish ~ sp.) WS 1 1 --
White Sucker (talQ:ltgmy§ ~Qmm~r~QDi) T 52 27 16 

Tolerance Class Summary 
WS Species/Number Fish -- 2/2 4/14 3/31 
IT Species/Number Fish -- 1/46 2/19 1/1 
T Species/Number Fish -- 3/152 2/62 2/18 
VT SpecieS/Number Fish -- 1/22 1/5 1/1 
Total Species/Number Fish -- 7/222 9/100 7/51 

aWS-_ Warmwater sport 
IT -Intolerant forage 
T - T a/erant forage 
VT - Very tolerant 

Source: Wisconsin Department of Natural Resources. 

benyath debris, where holes had been scoured, with 
depths ranging from one to 2.5 feet. Overall, fish and 
aquatic life habitat in this segment was rated by the 
WDNR as poor in 1984. 

Downstream of North Avenue to the Elm Grove 
Village Park, the fish and aquatic life habitat improved. 
The substrate consisted of silt to course gravel. The 
Creek was approximately 12 to 15 feet wide, except in 
the area of one pool at the downstream portion of this 
segment, which ranged form 12 to 20 feet wide. Water 
depths ranged from 0.3 to 0.5 foot in the riffles and 
runs and from one to three feet in the pool. Additional 
fish and aquatic life habitat was provided by pools, 
which reduce the impact of low-flow periods. The 
banks were well covered with dense grasses, thus 
reducing the effects of erosion. Habitat in this segment 
was rated by the WDNR as fair. 

Downstream of the Village Park, to its confluence with 
the South Branch of Underwood Creek, the fish and 
aquatic life habitat degraded somewhat. The substrate 
consisted of silt to concrete, and natural boulders. The 
Creek was approximately eight to 12 feet wide, with 
water depths of 0.3, one, and three feet for riffles, runs, 
and pools, respectively. Additional habitat is provided 
by tree obstructions, frequent riffles and runs are also 
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6/38 8/59 7/46 6/125 4/37 4/108 8/160 

present. Within the natural portions of this segment, the 
banks are dominated a dense growth of trees, reducing 
the amount of ground cover, resulting in significant 
erosion. Habitat in this segment was rated by the 
WDNR from fair to poor. 

The Dousman Ditch habitat on average was rated fair 
to poor by the WDNR in 1984. Substrate material 
ranged from well sorted silts to gravel. The banks are 
dominated by a dense growth of grasses, except where 
storm water discharge occurs. Erosion occurs in isolated 
pockets. 

SUMMARY 

The storm water management and flood control plan 
presented in this report focuses on the 3.5-square-mile 
Dousman Ditch subwatershed, and the 7.3-square-mile 
Underwood Creek subwatershed. An inventory of 
pertinent hydrologic and hydraulic characteristics of 
the subwatershed and related natural and man-made 
features is an essential step in the storm water 
management and flood control planning process. 
Accordingly, this chapter presents data on 1) the 
hydrologic phenomena governing the magnitude and 
frequency of storm water and flood flows; 2) exist 
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ing stonnwater drainage and flooding problems; 3) sur
face water quality conditions in the subwatersheds; 
4) sources of pollution related to stonnwater man
agement; 5) the anticipated type, density, and spatial 
distribution of land uses in the study area; 6) the impact 
of the anticipated changes in land use on the 
stonnwater and floodland management needs of the 
study area; 7) natural resource features of the study 
area; and 8) biological conditions. 

Land use characteristics, including impervious area, 
the type of stonn drainage system, the level and 
characteristics of human activity, and the type and 
amount of pollutants deposited on the land surface, 
greatly influence the quantity and quality of stormwater 
runoff. Urban land uses within the Dousman Ditch 
subwatershed are expected to increase about 
15 percent, from a total of 1,569 acres, or 70 percent of 
the subwatershed area in 1990, to about 1,807 acres, or 
81 percent of the subwatershed area, under planned 
buildout land use conditions. Urban land uses within 
the Underwood Creek subwatershed are expected to 
increase about 10 percent, from a total of 3,665 acres, 
or 78 percent of the subwatershed area in 1990, to 
about 4,035 acres, or 86 percent of the subwatershed 
area, under planned buildout land use conditions. The 
residential land use category is expected to experience 
the largest absolute increase, about 943 acres, to a 
total in the plan design year of about 1,108 acres in 
the Dousman Ditch subwatershed, while in the Under
wood Creek subwatershed, it is expected to increase 
from about 2,514 acres, to a total of about 2,813. As of 
1999, much of the developable rural land existing in 
1990 had been converted to urban areas. 

The resident population of the Dousman Ditch 
subwatershed area is expected to increase from about 
4,200 persons in 1990 to about 4,500 persons under 
planned ultimate conditions, while in the Underwood 
Creek subwatershed, the resident population is 
expected to remain fairly stable at about 16,600 persons 
between 1990 and planned ultimate conditions. 

Changes from rural to urban land use affect the amount 
and quality of storm water runoff. Increased rates and 
volumes of runoff result from the higher proportion of 
impervious areas, such as streets, parking lots, and 
rooftops. Thus, urban development can increase flood 
flows, stages, stream bank erosion, and streambed scour 
in downstream watercourses. Such development can 
also increase the downstream surface-water pollutant 
loadings and may reduce stream base flows. Therefore, 
careful planning of urban stormwater management 

systems to meet sound water resource and related 
management objectives is essential. 

Existing pertinent land use regulations include zoning 
and land division ordinances. These land use regula
tions represent important tools for the City of 
Brookfield and the Village of Elm Grove in directing 
the use of land in the public interest. Such zoning has 
important implications for stonnwater management. 

Climatological factors affecting stonnwater manage
ment include air temperature and the type and amount 
of precipitation. Air temperature affects whether 
precipitation occurs as rainfall or snowfall, whether the 
ground is frozen and, therefore, essentially impervious, 
and the rate of snowmelt and attendant runoff. The 
seasonal nature of precipitation patterns is an important 
consideration in stonnwater drainage. Flooding along 
the streams in the study area is likely to occur at any 
time throughout the year except during winter because 
of the relatively small drainage areas and the impacts 
of urban development. The maximum monthly precipi
tation recorded at the National Weather Service station 
at Mitchell International Airport in Milwaukee was 
10.03 inches in June 1917 and the maximum 24-hour 
precipitation was 6.84 inches, recorded on August 6, 
1986. The amount of snow cover influences the 
severity of snowmelt flood events and the extent and 
depth of frozen soils. 

Soil properties influence the rate and amount of 
stonnwater runoff from land surfaces. About 90 percent 
of the study area is covered by soils which generate 
moderate relatively large amounts of runoff. 

For planning purposes, the study area was divided into 
605 subbasins. These subbasins have an average size of 
12 acres. 

Constructed stonnwater drainage facilities serve about 
half of the study area subwatershed. A system of 
open drainage channels and associated culverts serves 
the remainder. 

Existing storm water drainage problems include street, 
yard, and basement flooding. Direct overland flooding 
of structures has occurred along Underwood Creek. 

If it is determined that a stream is navigable, a pennit 
from the State of Wisconsin is required prior to 
undertaking certain activities related to the stream. 
Because such a pennit may be required to perfonn 
stream maintenance related to storm water and 
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flood land management, the navigability of certain 
streams in the study area was investigated and inven
toried on Map 6. 

Possible sources of water pollutants to Dousman Ditch 
and Underwood Creek include stormwater runoff from 
urban and rural land, construction site erosion, stream
bank erosion, atmospheric contributions, and industrial 
material leaks and spills. There are three known point 
sources of pollution which discharge to Underwood 
Creek or its tributaries. 

Few water quality samples have been taken from 
Dousman Ditch and Underwood Creek. The limited 
data available indicate that portions of the stream are 
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contaminated with bacteria from both human and 
animal waste sources. There is no evidence of 
inadequate dissolved oxygen levels, or of excessive 
temperature or nutrient levels. However, fecal coliform 
levels measured in the past were quite high. 

The fishery resources in Underwood Creek were 
surveyed between 1984 and 1994. Fourteen species 
ranging from very tolerant fish to warmwater sport 
fish were identified. The benthic, or bottom-dwelling, 
organisms present in the Creek were dominated by 
pollution-tolerant species and were representative of 
poor water quality conditions. In general, the aquatic 
habitat was rated as fair to poor for most of the 
reaches Dousman Ditch and Underwood Creek. 
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Chapter III 

STORMWATER AND FLOODLAND MANAGEMENT 
OBJECTIVES, STANDARDS, AND DESIGN CRITERIA 

INTRODUCTION 

Planning may be defined as a rational process for 
formulating and meeting objectives. Consequently, 
the formulation of objectives is an essential task 
which must be undertaken before plans can be 
prepared. This chapter sets forth a set of storm water 
and floodland management objectives and support
ingstandards for use in the design and evaluatiQn 
of alternative system plans for the Dousman Ditch 
and Underwood Creek subwatersheds in the City 
of Brookfield and the Village of Elm Grove, and in 
the selection of a recommended plan from among 
those alternatives. 

In addition, this chapter sets forth engineering design 
criteria and describes analytical procedures which 
were used in the preparation and evaluation of the 
alternative system plans. These criteria and proced
ures include the engineering techniques used to design 
the alternative plan elements; to test the physical 
feasibility of those elements; and to make necessary 
economic comparisons between the plan elements. 
This chapter thus documents the degree of detail and 
level of sophistication employed in the preparation of 
the recommended plan, and thereby is intended to 
provide a better understanding by all concerned of the 
plan and of the need for refinement of some aspects of 
the plan prior to and during implementation. 

STORMWATER AND FLOODLAND 
MANAGEMENT OBJECTIVES 
AND STANDARDS 

The following seven stormwater and flood land 
management objectives were formulated to guide the 
design, test, and evaluation of alternative plans and 
the selection of a recommended plan from among the 
alternatives considered: 

1. The development of a stormwater and flood land 
management system which reduces the 
exposure of people to drainage-related incon
venience and to health and safety hazards and 

which reduces the exposure of real and personal 
property to damage through inundation 
resulting from flooding and inadequate storm
water drainage. 

2. The development of a system which will 
effectively serve existing and planned future 
land uses and will promote implementation of 
the adopted land use plan set forth in the 
Waukesha County development plan.1 

3. The development of a storm water management 
system which will abate nonpoint source water 
pollution and help achieve the recommended 
water use objectives and supporting water 
quality standards for surface waterbodies. 

4. The development of a system which will 
maintain or enhance existing terrestrial and 
aquatic biological communities, including fish 
and wildlife. 

5. The development of a stormwater and floodland 
management system which will be flexible and 
readily adaptable to changing needs. 

6. The development of a stormwater and flood
management system which will not pollute 
the groundwater aquifers serving the City and 
the Village. 

7. The development of a storm water and floodland 
management system which will efficiently and 
effectively meet all of the other stated objec
tives at the lowest practicable cost. 

Complementing each of these objectives is a set of 
quantifiable standards which can be used to evaluate 
the relative or absolute ability of alternative plan 

1 SEWRPC Community Assistance Planning Report 
No. 209, A Development Plan for Waukesha County, 
Wisconsin, August 1996. 
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Table 12 

OBJECTIVES AND STANDARDS FOR STORMWATER AND FLOODLAND MANAGEMENT IN THE DOUSMAN DITCH 
AND UNDERWOOD CREEK SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 

OBJECTIVE NO.1 

The development of a stormwater and flood land management system which reduces the exposure of people to 
drainage-related inconvenience and to health and safety hazards and which reduces the exposure of real and personal 
property to damage through inundation resulting from inadequate stormwater drainage. 

STANDARDS 

1.ln order to prevent significant property damage and safety hazards, the major components of the stormwater man
agement system and the floodland management system should be designed to accommodate runoff from a 100-year 
recurrence interval storm event. 

2.ln order to provide for an acceptable level of access to property and of traffic service, the minor components of the 
stormwater management system should be designed to accommodate runoff from a 10-year recurrence interval 
storm event. 

3.ln order to provide an acceptable level of access to property and of traffic service, the stormwater management 
system should be designed to provide two clear 10-foot lanes for moving traffic on existing arterial streets, and one 
clear 10-foot lane for moving traffic on existing collector and land access streets during storm events up to and 
including the 10-year recurrence interval event. 

4. Flow of stormwater along and across the full pavement width of collector and land access streets shall be 
acceptable during storm events exceeding a 10-year recurrence interval when the streets are intended to constitute 
integral parts of the major stormwater drainage system. 

5. Plan components shall be designed to comply with the requirements of Chapter NR 116 of the Wisconsin 
Administrative Code. 

6. All new and replacement bridges and culverts over waterways shall be designed so as to accommodate, according 
to the categories listed below, the designated flood events without overtopping of the related roadway or railway 
track. 

a. Minor and collector streets used or intended to be used primarily for access to abutting properties: a 10-year 
recurrence interval flood discharge. 

b. Arterial streets and highways, other than freeways and expressways, -used or intended to be used primarily to 
carry heavy volumes of through traffic: a 50-year recurrence interval flood discharge. 

c. Freeways and expressways: a 100-year recurrence interval flood discharge. 

d. Railways: a 100-year recurrence interval flood discharge. 

7. All new and replacement bridges and culverts along waterways shall be designed so as notto inhibit fish passage in 
areas which are supporting, or which are capable of supporting, valuable recreational sport and forage fish species. 

OBJECTIVE NO.2 

The development of a stormwater and floodland management system which will effectively serve existing and 
planned future land uses and will promote implementation of the adopted land use plan set forth in the Waukesha 
County development plan. 
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Table 12 (continued) 

STANDARDS 

1. Stormwater drainage systems should be designed assuming that the layout of collector and land access streets for 
proposed urban development and redevelopment will be carefully adjusted to the topography in order to minimize 
grading and drainage problems, to utilize to the fullest extent practicable the natural infiltration, drainage, and storage 
capabilities of the site, and to provide the most economical installation of a gravity flow drainage system. Generally, 
drainage systems should be designed to complement a street layout wherein collector streets follow valley lines and 
land access streets cross contour lines at right angles. 

2. Stormwater drainage systems should be designed assuming that the layouts and grades of collector and land access 
streets can, during major storm events, serve as open runoff channels supplementary to the minor stormwater drainage 
system without flooding adjoining building sites. The stormwater drainage system design should avoid midblock sags in 
street grades, and street grades should generally parallel swale, channel, and storm sewer gradients. 

3. Street elevations and grades, and appurtenant site elevations and grades, shall be set to provide overland gravity 
drainage to natural watercourses so that positive drainage may be effected during major storm events and in the 
event of failure of piped stormwater drainage facilities. 

4. Stormwater management systems shall utilize rural street cross-sections with roadside swales and culverts in all 
areas of the Village of Elm Grove except along major collector streets, arterial highways, and areas of high-density 
development which are designated for the use of urban street cross-sections with curbs and gutters, inlets, and storm 
sewers. Stormwater management systems in all areas of planned new development in the City of Brookfield shall 
utilize urban street cross-sections with curbs and gutters, inlets, and storm sewers. The existing cross-section shall be 
retained in areas of existing development in the City where either rural or urban cross-sections are in place, including 
hybrid urban/rural sections where ditch enclosures have been constructed.a 

5. The stormwater and flood land management system shall be designed to minimize the creation of new drainage or 
flooding problems, or the intensification of existing problems, at both upstream and downstream locations. 

6. Stormwater and floodland management systems should utilize the existing storage capacity of wetlands and open 
spaces to the extent practicable. 

OBJECTIVE NO.3 

The development of a stormwater management system which will abate nonpoint source water pollution and help 
achieve the recommended water use objectives and supporting water quality standards for surface waterbodies. 

STANDARD 

1. Stormwater management facilities should promote the achievement of recommended water use objectives and 
supporting water quality standards for lakes, streams, and wetlands, and should not degrade existing habitat 
conditions for fish and aquatic life. The applicable water use objectives for the streams concerned are shown on 
Map 8, and the water quality standards supporting these use objectives are presented in Tables 13 and 14.b 

2. Stormwater management practices should promote the attainment of sediment quality criteria for toxic substances 
as set forth in Table 15. 

OBJECTIVE NO.4 

The development of a stormwater and floodland management system which will maintain or enhance existing 
terrestrial and aquatic biological communities, including fish and wildlife. 

STANDARDS 

1. Stormwater and floodland management systems shall be designed to minimize disruption to primary and 
secondary environmental corridors, including the incorporated woodlands, wetlands, and wildlife habitat areas. 

2. Stormwater and floodland management facilities should be designed to protect valuable and sensitive wetlands 
from the adverse impacts of stormwater runoff. 
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Table 12 (continued) 

3. Stormwater and floodland management facilities shall be designed to control sedimentation in receiving streams 
and to prevent the loss of fish and aquatic life habitat through streambank erosion and streambed scour. 

4. To the extent practicable, stormwater drainage and flood control facilities should be designed to avoid enclosure of 
tributary streams identified as having significant and valuable biological and recreational uses. 

OBJECTIVE NO.5 

The development of a stormwater and floodland management system which will be flexible and readily adaptable to 
changing needs. 

STANDARDS 

1. Stormwater and floodland management facilities should be designed for staged, or phased, construction so as to 
limit the required investment in such facilities at anyone time and to permit maximum flexibility to accommodate 
changes in urban development, in economic activity growth, in the objectives or standards, or in the technology of 
stormwater and flood land management. 

2. Where practicable and advantageous to the achievement of the objectives of this plan, multipurpose stormwater 
storage facilities should be provided. Such facilities should serve two or more of the following functions: water 
quantity control, water quality control, active or passive recreation, and aesthetic enhancement. 

OBJECTIVE NO.6 

The development of a stormwater and flood land management system which will not pollute the groundwater aquifers 
serving the City and the Village.c 

STANDARD 

1. Where practicable, wet detention basins and infiltration devices shall not be located within the boundary of a 
recharge area to a wellhead identified in a wellhead area protection plan; within 100 feet of a private well; 100 feet of a 
transient, noncommunity public water system;d or within 1,200 feet of a well serving a public water system other than 
a transient noncommunity system. 

2. Where, of necessity, wet detention basins are located in areas where contamination of the groundwater is possible, 
the basins should be provided with an impermeable liner. 

3. Stormwater discharges to infiltration devices should be pretreated to avoid groundwater contamination and to 
assure proper long-term functioning of the infiltration device. 

OBJECTIVE NO.7 

The development of a stormwater and floodland management system which will efficiently and effectively meet all of 
the other stated objectives at the lowest practicable cost. 

STANDARDS 

1. The sum of stormwater and floodland management system capital investment and operation and maintenance 
costs should be minimized. 

2. Maximum feasible use should be made of all existing stormwater and flood land management components, as well 
as the natural storm drainage system. The latter should be supplemented with engineered f~cilities only as necessary 
to serve the anticipated stormwater and flood land management needs generated by existing and proposed land use 
development and redevelopment. 

3. To the maximum extent practicable, the location and alignment of new storm sewers and engineered channels and 
storage facilities should coincide with existing public rights-of-way to minimize land acquisition or easement costs. 

46 



Table 12 (continued) 

4. Stormwater storage facilities-consisting of retention facilities and of both centralized and onsite detention 
facilities-should, where hydraulically feasible and economically sound, be considered as a means of reducing the 
size and resultant costs of the required stormwater conveyance facilities downstream of the storage sites. 

aHyrid urbanlrural sections with ditch enclosures consist of rural street cross-sections where the ditch bed has been 
raised and a storm sewer has been constructed along the side of the road, following the ditch alignment. 

bThe recommended objectives and standards are a revision of those set forth in the areawide water quality 
management plan as documented in SEWRPC Memorandum Report No. 93, A Regional Water Quality Management 
Plan for Southeastern Wisconsin: An Update and Status Report, March 1995. Those objectives are also set forth in A 
Nonpoint Source Control Plan for the Menomonee River Priority Watershed Project, Wisconsin Department of Natural 
Resources and Agriculture, Trade and Consumer Protection, March 1992. 

The State-adopted water use objectives as set forth in Chapter NR 104.06 of the Wisconsin Administrative Code differ 
from the recommended objectives in that they classify Underwood Creek downstream of Juneau Boulevard as a 
variance stream which meets the fishable waters standard except in terms of dissolved oxygen concentrations, fecal 
coliform concentrations, and temperature conditions, which generally tend to be less than optimal. The WDNR has 
proposed reclassifying those portions of Underwood Creek that are concrete-lined to limited aquatic life waters and 
reclassifying those reaches that are not concrete-lined to warm water forage fish waters. However, the Wisconsin 
Administrative Code has not been changed to reflect that reclassification. Because no specific objective is listed in 
Chapter NR 104 for Dousman Ditch, it is classified as a warm water sport fish stream under the Wisconsin Adminis
trative Code. The WDNR proposes no change in the Wisconsin Administrative Code objectives for Dousman Ditch. 

cThe water supply for the City of Brookfield is provided by municipal wells developed in either the dolomite aquifer or 
the deep sandstone aquifer. The water supply for the Vii/age of Elm Grove is provided by nonmunicipal wells, 
primarily developed in the shallow sand and gravel aquifer. 

dChapter NR 809 of the Wisconsin Administrative Code, which sets forth rules regarding safe drinking water, defines a 
transient, noncommunity public water system as a system for the provision to the public of piped water for human 
consumption, if such system serves at least 25 people at least 60 days of the year. Examples of such systems include 
those serving taverns, motels, restaurants, churches, campgrounds, and parks. 

Source: SEWRPC. 
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Map 8 

RECOMMENDED WATER USE OBJECTIVES FOR DOUSMAN DITCH 
AND UNDERWOOD CREEK IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Source: SEWRPC. 
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Table 13 

RECOMMENDED WATER USE OBJECTIVES AND WATER QUALITY STANDARDS FOR 
STREAMS WITHIN THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDSa 

Combinations of Water Use Objectives Adopted for 
Southeastern Wisconsin Inland Lakes and Streamsb,c 

Warmwater 
Warmwater Forage Fish Limited Forage 
Sport Fish Community Fish Community and Limited Aquatic 

Water Quality Community and Full and Limited Limited Life and Limited 
Parameters Recreational Use Recreational Use Recreational Used Recreational Use 

Temperaturee,f,g (OF) 89.0 maximum 89.0 maximum - - - -

Dissolved Oxygeng (mgfl) 5.0 minimumh 5.0 minimumh 3.0 minimumi 3.0 minimumi 

pH Rangej (S.U.) 6.0 - 9.0 6.0 - 9.0 6.0 - 9.0 6.0 - 9.0 

Total Phosphorusk (mg/Il 0.1,0.02 maximum - - - - --

Un-ionized Ammonia 
Nitrogenl (mgfl) 

0.04 maximum 0.04 maximum 3.0, 6.0 maximumm - -

Chloriden (mgfl) 1,000 maximum 1,000 maximum 1,000 maximum - -

Fecal Coliform (MFFCC) 200,400 1,000; 2,000 1,000; 2,000 1,000; 2,000 
maximumo maximumP maximumP maximumP 

aWisconsin Department of Natural Resources and additional categories established under the areawide water quality management 
planning program, plus those combinations of water use categories applicable to the Southeastern Wisconsin Region. It is 
recognized that under both extremely high and extremely low flow conditions, instream water quality levels can be expected to 
violate the established water quality standards for short periods of time without damaging the overall health of the stream. It is 
important to note the critical differences between the official State and federally adopted water quality standards-composed of "use 
designations" and "water quality criteria"-and the water use objectives and supporting standards of the Regional Planning 
Commission described here. The U.S. Environmental Protection Agency and the Wisconsin Department of Natural Resources, being 
regulatory agencies, utilize water quality standards as a basis for enforcement actions and compliance monitoring. This requires that 
the standards have a rigid basis in research findings and in field experience. The Commission, by contrast, must forecast regulations 
and technology far into the future, documenting the assumptions used to analyze conditions and problems which may not currently 
exist anywhere, much less in or near Southeastern Wisconsin. As a result, more recent-and sometimes more controversial-study 
findings must sometimes be applied. This results from the Commission's use of the water quality standards as criteria to measure 
the relative merits of alternative plans. 

bAli waters shall meet the following minimum standards at all times and under all flow conditions: substances that will cause 
objectionable deposits on the shore or in the bed of a body of water, floating or submerged debris, oil, scum, or other material, and 
material producing color, odor, taste or unsightliness shall not be present in such amounts as to interfere with public rights in waters 
of the State. Substances in concentrations or combinations which are toxic or harmful to humans shall not be present in amounts 
found to be of public health significance, nor shall substances be present in amounts which are acutely harmful to animal, plant or 
aquatic life. 

CStandards presented in the table have been applied for planning purposes to lakes over 50 acres in surface area and to major 
streams of the Region. 

dNo un-ionized ammonia nitrogen standard has been established for streams or lakes classified as supporting limited forage fish 
communities. The maximum standard for total ammonia, as set forth in Chapter NR 104 of the Wisconsin Administrative Code, is 
included in the table. 

eThere shall be no temperature changes that may adversely affect aquatic life. Natural daily and seasonal temperature fluctuations 
shall be maintained. The maximum temperature rise at the edge of the mixing zone above the natural temperature shall not exceed 
5 OF for streams. 

'There shall be no significant artificial increases in temperature where natural trout reproduction is to be maintained. 

gDissolved oxygen and temperature standards apply to continuous streams and the epilimnion of stratified lakes and to the 
unstratified lakes; the dissolved oxygen standard does not apply to the hypolimnion of stratified inland lakes. However, trends in the 
period of anaerobic conditions in the hypolimnion of deep inland lakes should be considered important to the maintenance of lheir 
natural water quality. 

hStandard noted is applied using a probabilistic analyses approach as defined in SEWRPC Memorandum Report No. 93, A Regional 
Water Quality Management Plan for Southeastern Wisconsin: An Update and Status Report; absolute minimum standard of 3.0 mg/I 
of dissolved oxygen also applies. 
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Footnotes to Table 13 (continued) 

iStandard noted is applied using a probabilistic analyses approach as defined in SEWRPC Memorandum Report No. 93; absolute 
minimum standard of 1.5 mg/I of dissolved oxygen also applies. 

hhe pH shall be within the stated range with no change greater than 0.5 units outside the estimated natural seasonal maximum and 
minimum. 

k'n streams classified for full recreational use, the total phosphorus concentration shall not exceed 0.1 mg/I. In lakes classified for full 
recreational use, the total phosphorus concentration shall not exceed 0.02 mg/I during spring when maximum mixing is underway. 
A phosphorus standard does not apply to streams and lakes classified for limited recreational use. Total phosphorus standards were 
developed by the Commission for use in the initial water quality management plan from U.S. Environmental Protection Agency 
recommendations set forth in Quality Criteria for Water, 1976. 

'A committee established by the Wisconsin Department of Natural Resources is currently evaluating whether the ammonia standard 
should be modified, and, if so, how the standard should be modified. 

mStandard is for total ammonia. Ammonia Nitrogen, expressed as N, at all points in the receiving water of Limited Forage Fish 
Communities should not be greater than 3 mg/I during warm temperature conditions (May-October), and 6 mg/I during cold 
temperatures (November - April), to minimize the zone of toxicity and to reduce dissolved oxygen depletion caused by oxidation of 
the ammonia. 

nThreshold concentration for the propagation of freshwater fish above which the effects on aquatic life may become significant as 
determined by the California State Water Pollution Control Board, 1952. 

°The fecal coliform count (MFFCC) should not exceed 200 per 100 ml as a geometric mean based on no less than five samples per 
month, nor exceed 400 per 100 ml in more than 10 percent of all samples during any month. 

PThe fecal coliform count (MFFCC) should not exceed 1,000 per 100 ml as a geometric mean based on no less than five samples per 
month, nor exceed 2,000 per 100 ml in more than 10 percent of all samples during any month. 

Source: Wisconsin Department of Natural Resources and SEWRPC 

Table 14 

ACUTE AND CHRONIC TOXICITY CRITERIAa 

Water Use Objectives 

Warmwater Forage Fish, Limited 
Forage Fish, and Limited Aquatic 

Water Quality Parameters Life with Limited Recreational Use 

Hardness (mgCaC03") 

50 100 200 

Acute Toxicity (j.tgll) 

Cadmium 12.3 27.2 60.1 
Chromium 1,061 1,871 3,301 
Copper 8.6 16.6 31.8 
Lead 70.0 169.1 408.6 
Nickel 599.5 1,078 1,937 
Silver 0.88 2.0 4.5 
Zinc 62.7 112.8 202.9 

pH (s.u.) 

6.5 7.8 8.8 

Acute Toxicity (j.tgll) 

Pentachlorophenol 6.2 23.0 62.8 

aValues set forth in Chapter NR 105 of the Wisconsin Administrative Code. 

Source: Wisconsin Department of Natural Resources. 
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Warmwater Sport and Forage 
Fish, Limited Forage Fish, and 
Limited Aquatic Life with Full 
or Limited Recreational Use 

Hardness (mgCaCO~1I) 

50 100 200 

Chronic Toxicity (j.tgll) 

1.2 2.0 3.1 
30.6 54.6 95.4 

6.0 11.5 22.1 
4.2 10.1 24.4 

36.8 66.1 118.9 
0.88 2.0 4.5 

27.6 49.6 89.2 

pH (s.u.) 

6.5 7.8 8.8 

Chronic Toxicity (j.tgll) 

4.7 17.5 47.8 



Table 15 

LOWEST AND SEVERE EFFECT LEVELS OF CONTAMINANTS PRESENT IN SEDIMENTS IN WISCONSIN 

Chemicals 

As (Arsenic) .............................................................................. . 
Cd (Cadmium) .......................................................................... . 
Cr (Chromium) ......................................................................... . 
Cu (Copper) .............................................................................. . 
Hg (Mercury) ............................................................................ . 
Ni (Nickel) ................................................................................. . 
Pb (Lead) .................................................................................. . 
Zn (Zinc) ................................................................................... . 
Total PAHs (Polycyclic Aromatic Hydrocarbons) .................. . 
Total PCBs (Polychlorinated Bi-phenyls) ............................... . 
Aldrin ........................................................................................ . 
Chlordane ................................................................................. . 
Total DDT ................................................................................. . 
op + pp DDT ............................................................................. . 
pp 000 ..................................................................................... . 
pp DOE ...................................................................................... . 
Mirex ......................................................................................... . 
TCDD (dioxin) og/kg ................................................................. . 
NH3-N ...................................................................................... . 
Oils and Grease .......................................•................................ 
CN (Cyanide) ............................................................................ . 

Lowest Effect Levela 

6 
1.1 
31 
25 

0.15 
31 
31 
120 
4 

0.07 
0.002 
0.007 
0.007 
0.008 
0.008 
0.005 
0.007 

0.0003 
75 

1,000 
0.1 

Severe Effect Levela 

85 
9 

145 
390 
1.3 
75 
250 
820 
500 
26.4 
0.4 
0.3 
0.6 
3.6 
0.3 

1 

8Concentrations are in mg/kg dry sediment, with the exception of reDO, which is in og/kg. 

Source: Ontario Ministry of Environment and Energy, NOAA, Wisconsin Department of Natural Resources, and 
SEWRPG. 

designs to meet each objective. The objectives and 
standards, which are set forth in Table 12, incorporate 
the goals, objectives, and policies of the 1995 City 
storm water management guide, where appropriate. 

The planning standards fall into two groups
comparative and absolute. The comparative standards, 
by their very nature, can be applied only through a 
comparison of alternative plan proposals. The abso
lute standards can be applied individually to each 
alternative plan proposal since they are expressed in 
terms of maximum, minimum, or desirable values. 

OVERRIDING CONSIDERATIONS 

In the application of the storm water and floodland 
management development objectives and standards to 
the preparation, test, and evaluation of system plans, 
several overriding considerations must be recognized. 
First, it must be recognized that any proposed 
storm water and flood land management facilities must 
constitute integral parts of a total system. It is not 

possible from an application of the standards alone, 
however, to assure such system integration, since the 
standards cannot be used to determ ine the effect of 
individual facilities on the system as a whole, nor on 
the environment within which the system must 
operate. This requires the application of planning and 
engineering techniques developed for this purpose 
which can be used to quantitatively test the potential 
performance of proposed facilities as part of a total 
system. The use of mathematical simulation models 
facilities such quantitative tests. Furthermore, by 
using these models, the configuration and capacity of 
the system can be adjusted to the existing and future 
runoff loadings. Second, it must be recognized that 
it is unlikely that anyone plan proposal will fully 
meet all of the standards; and the extent to which each 
standard is met, exceeded, or violated must serve 
as the measure of the ahility of each alternative plan 
proposal to achieve the objective which the given 
standard complements. Third, it must be recognized 
that certain objectives and standards may be in 
conflict and require resolution through compromise, 
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Table 16 

POINT RAINFALLINTENSITY-DURATION-FREQUENCY DATA FOR MILWAUKEE, WISCONSINa 

Recurrence Duration and Intensityb 
Interval 
(years) 5 Minutes 10 Minutes 15 Minutes 30 Minutes 1 Hour 2 Hours 24 Hours 

2 4.30 3.43 2.85 1.90 1.14 0.S7 0.099 
5 5.49 4.46 3.76 2.55 1.55 0.91 0.134 

10 6.26 5.14 4.35 2.99 1.84 1.07 0.156 
25 7.26 5.99 5.10 3.53 2.19 1.27 0.186 
50 7.98 6.62 5.65 3.93 2.44 1.41 0.208 

100 8.77 7.28 6.23 4.34 2.70 1.56 0.229 

aThese data are based on a statistical analysis of Milwaukee rainfall data for the 84-year period 1903 through 1986. 

blntensity expressed in inches per hour. 

Source: SEWRPC. 

such compromise being an essential part of any 
design effort. 

ANALYTICAL PROCEDURES AND 
ENGINEERING DESIGN CRITERIA 

Certain engineering criteria and procedures were used 
in designing alternative storm water and floodland 
management plan elements, and in making the 
economic evaluations of those alternatives. While 
these criteria and procedures are widely accepted and 
firmly based in current engineering practice, it is, 
nevertheless, useful to briefly document them here. 
The criteria and procedures provide the means for 
quantitatively sizing and analyzing the performance of 
both the minor and major components of the total 
storm water management system components con
sidered in this plan. In addition, these criteria and 
procedures can serve as a basis for the more detailed 
design of system components. These criteria and 

I 

procedures thus constitute a reference for' use in 
facility design, and as such are intended to be applied 
uniformly and consistently in all phases of the 
implementation of the recommended stormwater and 
flood land management plan. 
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Analytical Procedures 
Rainfalllntensity-Duration-Frequency Data 
Fundamental data for stormwater management plan
ning and design are the rainfall intensity-duration
frequency relationships representative of the area. 
Such relationships facilitate determination of the total 
rainfall amount which may be expected to be reached 
or exceeded for a particular duration at a given 
recurrence interval. Under its comprehensive water 
resources planning program, the Southeastern 
Wisconsin Regional Planning Commission has devel 
oped a set of rainfall intensity-duration-frequency 
relationships using both a graphic procedure and 
a mathematical curve fitting method. The data for 
the 84-year rainfall record from 1903 through 1986 
collected by the National Weather Service at the 
General Mitchell Field National Weather Service 
station in Milwaukee are summarized in tabular form 
in Table 16 and in graphic form in Figure 2. The 
intensity-duration-frequency equations resulting from 
the analysis of the Milwaukee data are presented 
in Table 17. Analyses conducted by the Commission 
staff indicate that these data are valid for use not 
only within the Milwaukee area, but anywhere in 
Southeastern Wisconsin. The curves in Figure 3, 
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Figure 2 

POINT RAINFALL INTENSITY-DURATION-FREQUENCY CURVES FOR MILWAUKEE, WISCONSINa 

DURATIONS OF ~ '-' INUTES TO 180 M IIIIUTES 

mlI!llll!!!I!!!II!lIIl!!!lIIIllllI1IIl1lI 

" '0 " .. 0 ' . -

8The Cllfves are based on Milwaukee rainfall data for the 84·year period of 1903 to 1986. Th ese curves are applicable within an 
accuracy of 1- 10 percent to the entire Southeastern Wisconsin Planning Region. 

Source: SEWRPC. 
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Table 17 

POINT RAINFALL INTENSITY-DURATlON
FREQUENCY EQUATIONS FOR THE DOUSMAN 

DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 
STUDY AREA AND THE REGIONa 

Du ration of Five Duration of 60 
Minutes or More Minutes or More 

Recurrence But Less than through 24 
Interval (years) 60 Minutesb Hoursb 

2 i :: 85.1 -0.771 
14.8 + t i = 26.9 t 

5 i _ ~ -0.771 
16.7 + t i = 36.4 t 

10 i = 143.0 -0.773 
17.8 + t i = 43.3t 

25 i = ....illJ! -0.772 
18.7 + t j = 51.0 t 

50 i = 193.4 -0.771 
19.2 + t j = 56.8 t 

100 i = 214.4 -0.773 
19.4 + t i = 63.0t 

8The equations are based on Milwaukee rain fall data for the 84-
year period 1903 to 1986. These equations are applicable, 
within an accuracy of ± 10 percent, to the entire Southeastern 
Wisconsin Planning Region. 

b j -= Rainfall intensity in inches per hour 
t -= Duration in minutes 

Source: SEWRPC. 

which relate total rain fa ll to durat ion and frequency, 
were developed using the curves of Figure 2. It should 
be noted that the Comm ission is currently undertaking 
a study to update and refine the rainfall intensity
duration-frequency data for Southeastern Wiscons in, 
incorporat ing current stati stica l procedures and an 
expanded period of record through the year 1998. 
Wh il e thi s study may result in changes to the data, it is 
not expected to impact the alternative plans selected 
or signifi cantly impact the costs involved . 

Desigll Raillfall Freqllellcy 
To ensure that the storm water system is able to 
effective ly control the stormwater runoff in a cost
effective manner, storm events of specified recurrence 
intervals must be selected as a basis for the des ign and 
eva luation of both the minor and major drainage 
systems. The selection of these design storm events 
should be dictated by careful consideration of the 
frequency o f inundation which can be accepted versus 
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Figure 3 

POINT RAINFALL DEPTH-DURATION
FREQUENCY RELATIONSHIPS IN THE 
DOUSMAN DITCH AND UNDERWOOD 

CREEK SUBWATERSHEDS 

.~c" . .. ' ct "<.~ ' . •.• ••• 

Source: SEWRPG. 

the cost of protection. This involves value judgments 
which should be made by the responsible local 
officials involved and applied consistently in both the 
public and private sectors. 

The average frequency of rainfall used for design 
purposes detennines the degree of protection afforded 
by the storm water management system. This protec
tion should be consistent with the damage to be 
prevented. In practice, however, the calculation of 



benefit-cost ratios is not deemed warranted for 
ordinary urban drainage facilities, and a design 
rainfall recurrence interval is selected on the basis of 
experienced engineering judgment and experience 
with the performance of stormwater management 
facilities in similar areas. 

In this respect, it should be noted that the cost of 
storm sewers and other drainage facilities is not 
directly proportional to either the design storm fre
quency or the flow rates. A IO-year recurrence 
interval storm produces approximately 16.5 percent 
greater rainfall intensities and 26 percent greater 
runoff intensities than a five-year recurrence interval 
storm. This higher runoff rate requires sewer pipe 
diameters to be on the order of 10 percent larger. 
However, drainage systems are limited to commer
cially available pipe sizes which, in the most 
frequently used range of 15- to 66-inch diameter, have 
incremental diameter increases of 10 to 20 percent, 
corresponding incremental capacity increases of 27 to 
58 percent, and corresponding average in-place cost 
increases of 15 to 23 percent. The incremental cost 
increases on a systemwide basis may be expected to 
be on the order of 15 percent, because only portions of 
any given system will require modified sizes due to 
the adoption of a 10-year design storm standard rather 
than a five-year standard. 

Another consideration in evaluating alternative design 
recurrence intervals for drainage facilities is the risk 
of exceeding capacity. A five-year recurrence interval 
event, which may be expected to occur on the average 
of 20 times in 100 years, has a 50 percent chance of 
being exceeded in about 3.5 years, a period which 
may be unacceptable from a public relations point of 
view. In contrast, a 10-year recurrence interval event, 
which is expected to occur on the average of 10 times 
in 100 years, has a 50 percent chance of being 
exceeded in about seven years, and a 100-year 
recurrence interval event, which is expected to occur 
on the average of one time in 100 years, has a 50 
percent chance of being exceeded in about 69 years. 

Based upon consideration of the costs and risks 
entailed, and consistent with the current policies of the 
City of Brookfield and the Village of Elm Grove, a 
10-year recurrence interval storm was selected for use 
in the design of the elements of the minor stormwater 
management system for the study area. 

When designing the minor urban storm water manage
ment system, the designer should be aware that 
exceeding capacity does not cause incipient catas
trophe. On the contrary, it means only that the minor 
drainage system capacity has been completely utilized 
and the unaccommodated portion of the storm water 
flow will begin to cause inconvenience and/or 
disruption of activities as it courses through the major 
system. In this respect, the minor system differs 
substantially from the major system. 

A 100-year recurrence interval storm was selected for 
use in delineating areas of potential inundation along 
the major storm water drainage system, and to size 
some elements of the system. This recurrence interval 
is used by the Regional Planning Commission in its 
flood control planning efforts, and by federal and state 
agencies for floodland regulation. The 100-year recur
rence interval event generally-with only certain 
unusual exceptions-approximates, in terms of the 
amount of land area inundated, the largest known 
flood levels that have actually occurred in the Region 
since its settlement by Europeans. Therefore, use of a 
100-year recurrence interval event provides a con
servatively safe level of protection against property 
damage and hazard to human health and safety from 
surcharge of the major, as opposed to the minor, 
stormwater management system. 

Time Distribution of Design Rainfall 
The hydrologic analyses conducted for this planning 
effort used design storms developed by distributing 
the total precipitation amounts determined from the 
Commission rainfall intensity-duration-frequency data 
according to a set of four temporal rainfall distribu
tions developed by F .A. Huff.2 These rainfall dis
tributions represent the "best available information on 
the time-distribution characteristics of heavy rain
storms at a point on small basins ... in Illinois and the 
Midwest.,,3 Each of the distributions is characteristic 
of storms of different durations. The median first 

2Floyd A. Huff, "Time Distribution of Rainfall in 
Heavy Storms," Water Resources Research, Vol. 3, 
No.4, 1967, pp. 1007-1019, and Floyd A. Huff, Time 
Distribution of Heavy Rainstorms in Illinois, Illinois 
State Water Survey Circular 173, 1990. 

3Floyd A. Huff, Time Distribution of Heavy Rain
storms in Illinois, Illinois State Water Survey Circular 
173,1990. 
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quartile distribution , as shown in 
characteristic of storm s with durations 

Figure 4, IS 

from zero to 
six hours. The median second, third, and fourth 
quartile di stributions arc characteristic of storms with 
durations from 6. I to 12 hours, 12.1 to 24 hours, and 
greater than 24 hours, respectively. The quartile 
designation refers to the portion of the stonn in which 
the rainfall is most intense. Thus, for a second quartile 
storm of 12-hour duration, the most intense rainfall 
period would occur in the second quarter of the storm, 
or from the third to s ixth hours. The design storm 
patterns, or hyetographs, for 10- and 100-year recur
rence interval storms of one-hour duration are given in 
Figures 5 and 6. Those Figures were developed by 
di stributing the 10- and 100-year recurrence interval, 
one-hour rainfall amounts given in Figure 3 according 
to the curve of Figure 4. 

Design storm s of varying durations were analyzed to 
determine (he critical durations for the production of 
peak flow rates and critical runoff volumes at key 
locations within the subwatersheds. Generally, the 
critical storm duration for a given location along the 
drainage network increases with the amount of land 
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area tributary to that point in the network. The 
presence of significant amounts of storm water storage 
volume within the system al so results in a longer 
critical storm duration. A third factor affecting the 
critical storm duration is the nature of the conveyance 
network in a given subbasin. If two subbasins have 
the same drainage areas, soil , and land cover charac
teristics, and similar drainage patterns, but one has a 



storm sewer conveyance system and the other has an 
open channel conveyance system, it is likely that the 
critical storm duration would be longer for the 
subbasin with the open channel system, since flow 
travel times in that system would be longer. 

Additional Hydrologic and Hydraulic Data 
Data on the hydrologic and hydraulic characteristics 
of the study area were also available from the files of 
the Commission, including data on soils; topography; 
the drainage patterns of the natural streams and 
watercourses; the waterway openings of related 
bridges and culverts, and related flood hazard areas; 
wetlands; and areas with existing flood problems. 
Used in the analyses were topographic maps prepared 
by Waukesha County and the Commission to 
Commission specifications at a scale of 1 inch equals 
200 feet, with contours at two-foot intervals,4 and 
Commission digital aerial orthophotographs prepared 
at a scale of 1 inch equals 400 feet. In 1996, the City 
and the Village each conducted extensive programs 
to prepare digital stormwater infrastructure system 
maps for the Dousman Ditch and Underwood Creek 
subwatersheds. Those maps were used extensively in 
the analyses of the existing systems and in developing 
the alternative and recommended plans. 

Simulation of Hydrologic, Hydraulic, and 
Nonpoint Source Pollutant Delivery Processes 
Quantification of the storm water flow rates and 
volumes and of nonpoint source pollutant loading 
rates under both existing and probable future land 
use conditions allows sound, rational decisions to be 
made concerning storm water management. Such 
quantification aids in determining the type, location, 
and configuration of storm water management facili
ties, and is essential to sizing facilities such as storm 
sewers, open channels, culverts and bridges, storage 
and pumping facilities, and nonpoint source pollution 
abatement measures. Rainfall-runoff modeling tech
niques were used under the study to quantify storm
water flow rate and volume in both the minor and 
major drainage systems and to quantify flood flows in 
the stream system. 

4 The City and Village obtained data for new large
scale topographic mapping at a scale of one inch 
equals 100 feet and a two-foot contour interval in 
J 998. Those maps became available in 1999 as this 
plan was being completed The new maps were 
consulted during the final stages of plan preparation. 

1. The XP-SWMM Storm water Management 
Model computer program, developed by XP 
Software, Inc., was used for hydrologic and 
hydraulic analysis of the storm water manage
ment systems of the Dousman Ditch and 
Underwood Creek subwatersheds.5 The model 
was used to develop, combine, and route flood 
hydro graphs generated for each subbasin of a 
given subwatershed. That process of combining 
and routing hydrographs yielded total runoff 
hydrographs at critical locations within each 
subwatershed. The model enables the evaluation 
of a complex hydrologiclhydraulic network, 
accounting for the effects on flow hydrographs 
of routing through storm sewers, open channels, 
and natural and man-made storage reservoirs. 

Subbasin runoff hydrographs under existing 
and probable future conditions were developed 
using the U.S. Soil Conservation Service (SCS) 
dimensionless unit hydrograph option of XP
SWMM. Under this procedure, rainfall runoff 
is determined by subtracting interception, infil
tration, and surface storage losses from the 
design storm amounts. Such losses are deter
mined using a runoff curve number calculated 
from the land cover and hydrologic soil group 
distributions in a given subbasin. 

A unit hydrograph, representing one inch of 
runoff from a given subbasin for a given dura
tion of rainfall excess, was developed for each 
subbasin by applying timing parameters charac
teristic of the subbasin to the SCS standard 
dimensionless unit hydrograph. The subbasin 
flood hydrograph was generated by applying 
each time increment of rainfall excess to the 
unit hydrograph and then summing the individ
ual hydrographs for each storm time increment, 
according to the principle of superposition. 

Hydrograph routing through the network was 
accomplished using the full Saint Venant equa
tions for one-dimensional, gradually varied 
unsteady flow. The hydraulics of the major and 
minor systems were explicitly modeled in cases 
where storm sewers were found to surcharge, 
dividing the total flow between an overland 

5The XP-SWMM program is an enhanced version of 
the U.S. Environmental Protection Agency (USEP A) 
Storm water Management Model (SWMM) Version 4. 
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component flowing in a street and the piped 
component in the storm sewer. Because the XP
SWMM program models the hydraulics of the 
drainage network, it was applied to directly 
evaluate the hydraulic adequacy of the exiting 
storm water management system and to perform 
the systems-level design of modifications or 
additions to the system. 

2. The Hydrological Simulation Program-Fortran 
(HSPF)6 was used for the development of 
flood discharges in Dousman Ditch, Underwood 
Creek, and the North Branch of Underwood 
Creek. The HSPF model simulates streamflow 
on a continuous basis using recorded climato
logical data as input. Flood discharges were 
developed by conducting discharge-frequency 
analyses of the simulated annual peak dis
charges generated by the hydrologic model 
according to the log Pearson Type III method of 
analyses, as recommended by the U.S. Water 
Resources CouncW and as specified by the 
Wisconsin Department of Natural Resources. 
That approach for development of flood flows 
for the flood land management element of the 
plan is consistent with the methods used for 
the 1976 Menomonee River watershed study, 
the 1990 stormwater drainage and flood control 
system plan for the Milwaukee Metropoli
tan Sewerage District (MMSD), and the 
ongoing MMSD Menomonee River watercourse 
system plan. 

3, The U.S. Army Corps of Engineers HEC-RAS 
"River Analysis System" model for gradually 
varied steady flow was used to determine flood 
stages along Dousman Ditch, Underwood 
Creek, and the North Branch of Underwood 
Creek and along selected streams which are 
part of the major drainage system. Flood pro
files were developed using two- through 100-
year recurrence interval flood flows for full 

6u.S. Environmental Protection Agency, Environmen
tal Research Laboratory, Hydrological Simulation 
Program-Fortran, User's Manual for Release 10, 
Athens, Georgia, September 1993. 

7United States Water Resources Council, "Guidelines 
for Determining Flood Flow Frequency," Bulletin 
No. 17 of the Hydrology Committee, Washington, 
D.C., March 1976. 

58 

development land use conditions, and both 
existing and planned stormwater drainage and 
channel conditions. Where those profiles indi
cated the existence of flooding problem areas 
during the 100-year recurrence interval flood 
conditions, HEC-RAS was used to evaluate 
alternatives for alleviating flooding problems. 

4. The Source Loading and Management Model 
(SLAMM) was used to determine nonpoint 
source pollutant loadings.s SLAMM was used 
to estimate pollutant contributions from various 
land use areas under both existing and planned 
land use conditions and to evaluate the effects 
of various pollution abatement measures. A ver
age annual nonpoint source pollutant loadings 
of total suspended solids, total phosphorus, 
lead, copper, and zinc were calculated by the 
SLAMM model using 1981 precipitation data 
from the National Weather Service station at 
Milwaukee Mitchell International Airport. 
Those data are reasonably representative of a 
typical annual set of storms. 

Criteria and Assumptions 
The criteria and assumptions set forth below were 
generally applied in the development of the storm
water management system plan. Many of the criteria 
may also apply at the project design level. The criteria 
and assumptions incorporate the goals, objectives, and 
policies of the ] 995 City storm water management 
guide, where appropriate. 

Street Cross-Sections, Site Grading, 
Inlets, and Parallel Roadside Culverts 
An important secon,dary function of all streets 
and highways is the collection and conveyance of 
stormwater runoff. The planning of storm water 
drainage systems should therefore be done simultane
ously with the planning of the location, configuration, 
and gradients of the street system. At the systems 
planning level, recommendations concerning the 
approximate gradients of existing and proposed 
streets are provided. Pertinent details of the curbs and 
gutters, roadside swales, and street crowns are 
assumed based upon typical cross-sections and must 
be further addressed in subsequent project develop
ment engineering. 

SRobert Pitt and John Voorhees, Source Loading and 
Management Model, Version 6.2, 1994. 



The location and size of inlets and culverts, as a part 
of the minor storm water drainage system, are dictated 
by the allowable storm water spread and depth of flow 
in streets, and attendant interference with the safe 
movement of pedestrian and vehicular traffic. The 
details of inlet locations and sizes are not determined 
at the systems level, but would be investigated during 
the detailed design of storm sewer systems. 

Given the standards formulated under the study, only 
two assumptions concerning site grading, and one 
assumption concerning culverts and inlets, were 
required for the systems planning. It was assumed 
that all new urban development and redevelopment 
would be designed to facilitate good drainage, with 
slopes away from all sides of buildings to provide 
positive gravity drainage to streets or to drainage 
swales. It was also assumed that drainage swales 
along side lot or back lot lines or site boundaries 
would provide positive gravity drainage to streets. 

With regard to inlets and parallel roadside culverts, 
such as driveway culverts, it was assumed that these 
system components would be designed to provide 
sufficient capacity to intake and pass all flow in the 
tributary gutters or swales from storms up to and 
including the I O-year recurrence interval event. 

Roadside Swales 
At the systems planning level, only recommendations 
relating to the general configuration, size, approxi
mate depth, slope, and type of roadside swales are 
provided. More detailed engineering at the project 
development level will be needed to determine precise 
depth, location, and horizontal and vertical alignment 
of the swales, and the best response to constraints 
posed by structures and utilities. 

In the systems planning, the Manning equation was 
used together with the cross-sectional area of flow to 
determine the required hydraulic capacity of swales. A 
Manning's "n" value corresponding to retardance 
level "D" in Figure 7 was assumed for well-con
structed, properly maintained, frequently mowed, 
grass-lined roadside drainage swales, such as may be 
expected to exist adjacent to front yards in residen
tial areas. 

A Manning's "n" value corresponding to retardance 
level "C" in Figure 7 was assumed for properly 
constructed, less frequently maintained (one- to two
month mowing cycle), grass-lined roadside drainage 
swales commonly found in rural areas. 

The following criteria and assumptions relating to the 
details of the grass-lined storm drainage swales and 
channels in and along street rights-of-way were 
used in the development of the storm water manage
ment plan: 

1. Swales were assumed generally to be located in 
public street rights-of-way and to follow the 
street alignments and gradients. 

2. Swale cross-sections were assumed to be 
triangular with side slopes no steeper than one 
vertical on three horizontal. Where practicable 
and cost-effective, a trapezoidal cross-section 
was assumed with the bottom width selected to 
promote infiltration. 

3. Swales were designed to accommodate the peak 
runoff expected from a minor-that is, a 10-
year recurrence interval-storm when flowing 
full and without freeboard. 

4. Swales were designed to provide a maximum 
flow velocity of five feet per second during the 
design storm event. 

5. The minimum depth of swales below street 
shoulder was assumed to be one and one-half 
feet, while the maximum depth was assumed to 
be three feet. 

Cross Culverts 
Cross culverts, which are a common feature of open 
drainage systems, are used to convey storm water 
under a street, highway, railroad, or embankment. At 
the systems planning level, recommendations con
cerning the location, size, and type of material of 
cross culverts are provided. More detailed engineering 
at the project development level will be needed 
to determine the precise depth, location, and hori
zontal and vertical alignment of the culverts and the 
best response to constraints posed by structures 
and utilities. 

The hydraulic capacity of any culvert is affected by 
its cross-sectional area, shape, entrance geometry, 
length, slope, construction material, and depth of 
ponding at the inlet and outlet, details which must be 
addressed at the project development level. Culvert 
flows are classified as having either inlet or outlet 
control-that is, according to whether the discharge 
capacity is controlled by the inlet or outlet charac
teristics. Typical inlet control and outlet control 
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Figure 7 

MANNING'S "n" FOR VEGETATION-LINED CHANNELS FOR VARIOUS RETARDANCE LEVELS 
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culvert conditions are shown in Figure 8. Under inlet 
control conditions, the discharge capacity of a culvert 
is controlled at its entrance by the depth of headwater, 
the entrance shape and cross-sectional area, and the 
type of entrance edge. Under outlet control conditions, 
the discharge capacity of a culvert is influenced by the 
headwater depth, tailwater depth, entrance shape and 
cross-sectional area, and type of entrance edge, by the 
cross-sectional area, shape, slope, and length, and by 
the roughness of the culvert barrel. 

In planning the system, required culvert sizes were 
determined by evaluating multiple constraints and 
selecting an appropriate size which appeared to best 
meet all requirements. Nomographs and capacity 
charts are available in the literature for varying 
pipe shapes, sizes, materials of construction, and 
entrance conditions. 

For both annular corrugated metal pipe with a 
corrugation depth of 0.5 inch and helical corrugated 
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metal pipe with a corrugation depth of one inch or 
less, a Manning's "n" value of 0.024 was assumed. 
For annular corrugated metal pipe with a corruga
tion depth of one inch, a Manning's "n" value of 
0.027 was assumed. For annular corrugated metal 
pipe with a corrugation depth of more than one inch 
a Manning's "n" value of 0.032 was assumed. 
A Manning's "n" value of 0.013 was assumed for 
well-constructed, precast, concrete pipe culverts 
flowing full. 

The following criteria and assumptions were used in 
the development of culvert sizes for the storm water 
management system plan: 

1. The culvert location should provide a direct 
exit, avoiding an abrupt change in direction at 
the outlet end and, preferably, at the inlet end. 

2. The minimum culvert size used was 12 inches 
in diameter. 



Figure 8 
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3. The culverts were assumed to be laid on a 
constant gradient. 

4. In all areas with rural street cross-sections, new 
cross culverts were generally assumed to be 
circular pipes or pipe arches, constructed of 
corrugated metal. Cross culverts under streets 
with urban cross-sections were assumed to be 
constructed of reinforced concrete. New ditch 

enclosures involving longer runs of continuous 
pipe, were assumed to be circu lar, arch, or 
horizontal elliptical reinforced concrete pipe. 

5. Culvert inlets were assumed to be unblocked. 

6. Culverts were assumed to have an unsubmerged 
outlet during a minor-that is, a 10-year recur
rence interval storm event. 

During the facility design phase subsequent to the 
adoption of the system plan, the following additional 
criteria should be considered: 

1. Appropriate energy dissipation and/or erosIOn 
protection should be provided at culvert 
inlets and outlets. The type of protection 
will be dictated by site-specific hydraulic 
considerations. 

2. In streams with an existing or potential valuable 
fishery, the bottoms of culverts should be 
designed to allow for the free passage of aquatic 
organisms for a variety of flow extremes. 
Typical culvert installations to permit fish 
passage are shown in Figure 9. 

Open Drainage Channels 
Open drainage channels in and along exclusive rights
of-way are a necessary and appropriate component of 
the total storm water drainage system. In some areas of 
the stormwater management study area, open drainage 
channels, together with roadside swales, may serve as 
the sole component of the engineered storm water 
drainage system which conveys surface runoff to the 
receiving natural stream system. 

At the systems planning level, recommendations are 
provided with respect to the general location, cross
section bottom width and approximate bottom eleva
tion depth, side slopes, gradient, and type of open 
drainage channels. More detailed engineering at the 
project development level will be needed to determine 
the precise location and horizontal and vertical 
alignment of the channels, the need for and type of 
channel lining, and the best response to constraints 
posed by structures, other utilities, and street layout. 

In the system planning, the Manning's equation 
was used to determine the hydraulic capacity of 
open channels. Careful consideration was given to 
allowable grades and depths of flow to prevent 
unacceptable velocities and damage to the facilities 
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and adjacent land uses. Where flood hazard areas 
were delineated, the HEC-RAS step backwater 
simulation model was used. 

The following criteria relating to the details of the 
open drainage channels were used in the development 
of the stormwater management plan and/or can serve 
as guidelines in the facility design:9 

1. All open drainage channels which are part of 
the major storm water drainage system were 
designed to accommodate the peak runoff from 
a 100-year recurrence interval storm under 
planned land use and channel conditions. 

9These criteria relate to small channels which func
tion as part of the stormwater management system. 
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2. Features to mitigate adverse impacts on fish and 
wildlife habitat should be considered in the 
design of channel modifications in streams with 
an existing or potential valuable fishery. 

3. Manning's "n" values in the range from 0.030 
to 0.045 were used for modified existing or 
recommended new open channels which were 
assumed to be lined with turf or grasses, 
depending on anticipated vegetative growth and 
frequency of maintenance. Manning's "n" 
values in the range from 0.035 to 0.05 were 
used for modified existing or recommended 
new open channels which were assumed to be 
lined with riprap. 

4. The maximum allowable flow velocity for 
modified channels lined with turf or grasses was 
assumed to be about six feet per second (fps). 
The maximum allowable flow velocity for 
modified channels lined with riprap was 
assumed to be about 10 fps. 

5. Where necessary, grade control structures were 
provided to reduce the channel gradient and 
obtain flow velocities within the accepted 
limits. Channel bottom drop structures were not 
used in streams with existing or potential 
valuable fisheries. 

6. Appropriate energy dissipation and erosIOn 
protection should be provided at any grade 
control structures. The type of protection 
will be dictated by site-specific hydraulic 
considerations. 

7. Channel bends should have a minimum radius 
equal to twice the design flow top width, or 100 
feet, whichever is greater. 

Storm Sewers 
At the systems planning level, only recommendations 
for the general configuration, size, approximate invert 
elevation, slope, and type of storm sewer facilities are 
provided. More detailed engineering at the facility 
design level will be needed to determine the precise 
invert elevation, location, and horizontal and vertical 
alignment of the sewer, the type of material used for 
the sewer, and the best response to constraints posed 
by structures and other utilities. 

In the systems planning, the hydraulic capacity of 
sewers was determined using the EXTRAN hydraulic 



routine within the XP-SWMM model. Values for the 
Manning's roughness coefficient "n" vary with the 
type and conditions of the sewer, the depth of flow 
in the sewer, and the diameter of the sewer. A 
Manning's "n" value of 0.013 was assumed typical of 
well-constructed, precast, concrete pipe sewer lines. A 
Manning's "n" value of 0.024 was assumed for 
existing corrugated metal storm sewer lines. 

The following criteria and assumption relating to 
the details of the storm sewers were used in the 
development of the stormwater management plan: 

1. Storm sewers were assumed generally to be 
located in public street rights-of-way and to 
follow the street alignments and gradients. 

2. All storm sewers should be designed to 
accommodate the peak runoff expected from 
a minor-that is, a 10-year recurrence inter
val-storm when flowing full. 

3. New storm sewers were assumed to be con
structed of reinforced concrete pipe. 

4. The minimum pipe size should be 12 inches 
in diameter. 

S. The minimum desirable velocity during 
the design storm event should be 2.S feet 
per second. 

6. Planned storm sewer outlet invert elevations 
should be above the channel bottom elevations 
of the receiving watercourses. 

7. The minimum depth of cover over the top of the 
sewer should be three feet. 

Stormwater Storage Facilities 
Natural storage of stormwater is provided in surface 
depressions, vegetated areas, and pervious soils. 
Natural storage can be enhanced by preserving 
open areas, woodlands, wetlands, ponds, and areas 
with large infiltration capacities. These attributes can 
usually be incorporated into a storm water manage
ment system at less cost than would be required for 
the incorporation of artificial storage facilities. 
Artificial storage facilities include constructed onsite 
swales, roadside swales, temporary storage facilities 
on parking lots and other open areas, and retention 
and detention basins. 

Under this system planning effort, storm water storage 
facilities were considered for the purposes of storm
water drainage, nonpoint source pollution control, 
peak flow reduction to control stream bank erosion and 
streambed scour, or a combination of those functions. 
The three types of facilities considered include: 
1) retention basins, 2) dry detention basins, "nd 3) wet 
detention basins. The term retention basin is used for a 
facility which stores runoff, but does not release the 
runoff during a storm. Runoff stored in such a facility 
is either pumped out, released after the storm through 
the operation of a gated outlet, or passively released 
through a combination of evaporation and infiltration. 
Such facilities may serve either a quantity or a quality 
control function, or both purposes. When a retention 
basin serves a quality control function through 
infiltration, it is also called an infiltration basin. The 
term dry detention basin is used to identify a storm
water storage facility which drains between storm 
events and has no permanent pond. Such facilities 
are primarily for the control of peak rates of runoff, 
rather than significant control of nonpoint source 
pollution. The term wet detention basin is used to 
identify a storage facility which has a permanent pond 
and generally provides control of non point source 
pollution. Variations on wet and dry detention basins, 
which are designed to improve the pollutant removal 
efficiency of the basins, are extended dry and 
extended wet detention basins. In those types of 
basins, the amount of time for which runoff is 
detained is extended beyond that for a standard basin. 
Additional variations on the wet basin include 
constructed wetland basins, pond/wetland systems, 
and extended detention wetlands. At the systems 
planning level of detail, reference is only made to dry 
and wet detention basins. 

Recommendations concerning the location, type, 
approximate size, and capacity of storage facilities 
and outlet flow constraints are provided in this report. 
More detailed engineering at the project development 
level will be needed to precisely locate, configure, and 
size storage facilities and to specify such details as 
the inlet and outlet control facilities. Modifications 
to the basic basin configurations for the purpose of 
enhancing removal of nonpoint source pollutants 
would also be addressed at the project design level. 
In planning the system, required quantity control 
storage volumes were calculated using the XP
SWMM simulation model. Required wet detention 
basin sizes for nonpoint source pollution control were 
determined using the SLAMM program. The follow
ing criteria relating to storage facilities were used 

63 



in the development of the stormwater management 
system plan: 

1. Storage facilities were sized to control a range 
of storms depending on intended purposes. 
Storage facilities intended to serve as com
ponents of the minor drainage system were 
sized to control storms with recurrence intervals 
ranging from two to 10 years, under planned 
land use and channel system conditions. Storage 
facilities designed as components of the major 
drainage system were sized to control storms 
with recurrence intervals ranging from two to 
100 years, under planned land use and channel 
system conditions. Storage systems planned for 
water quality purposes were designed to control 
storms with recurrence intervals up to, and 
including two years. 

2. Where practical, storage facilities for storm
water drainage purposes were designed to limit 
the design outflow to no more than the capacity 
of the existing downstream conveyance and 
storage systems. 

3. Where modification to, or replacement of, the 
existing downstream conveyance and storage 
system is necessary, any proposed upland 
storage facilities that are required should be 
sized to minimize the costs of the combined 
storage and conveyance system. 

4. The effects of storage facilities on the fre
quency, duration, and magnitude of downstream 
flooding under future conditions as compared to 
existing conditions were carefully examined. 
Routing through a storage facility significantly 
flattens the outflow hydrograph in comparison 
to the inflow hydrograph. Peak flows are 
reduced and the duration of peak, or near
peak, flows increased. When prolongation of 
near-peak flows causes those flows to coincide 
with near-peak flows of upstream or down
stream tributaries, the storage facilities should 
be designed so as not to increase combined 
future downstream peak flows to an unaccep
table level. 

5. Storage depths on parking lots, truck stopping 
areas, and similar open spaces were assumed 
to not exceed six inches during the design 
flood event. 
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6. Storage facilities that include dams or earth 
embankments which detain runoff were 
assumed to include an emergency spillway to 
safely pass flows up to, and including, those 
reSUlting from a 100-year recurrence interval 
storm, with appropriate freeboard. 

Stormwater Pumping Facilities 
At the systems planning level, only recommendations 
concerning the location, type, and capacity of the 
pumping facility are provided. More detailed 
engineering at the project development level will be 
needed to determine the type of pumps, type of drives 
and motor requirements, type of electrical controls, 
and size and configuration of intake facilities. 

The following criteria and assumptions relating to 
storm water pumping facilities should be considered in 
the development of the storm water management 
system plans and may be used as guidelines in 
facilities design: 

1 ; Consideration should always be given to the 
feasibility of providing gravity drainage as an 
alternative to pumping facilities. 

2. An evaluation should be made of the ability of 
the pumping station and any associated gravity 
drainage facilities to provide protected areas 
with relief from flooding during storms ranging 
up to and including the 100-year recurrence 
interval storm. 

3. The pumping station should be designed with a 
gravity overflow to the major drainage system. 

Urban Nonpoint Source Pollution Control Measures 
Adequate control of urban nonpoint source pollution 
requires construction site erosion and sediment control 
and control of pollutants contained in runoff from 
developed land. Detailed criteria for construction 
site erosion and sediment control are given in the 
Wisconsin Department of Natural Resources, Wis
consin Construction Site Best Management Practice 
Handbook (latest revision November ]993). Design 
considerations and criteria for control of non point 
source pollution from developed land are given in 
Controlling Urban Runoff: A Practical Manual for 
Planning and Designing Urban BMPs, Metropolitan 
Washington Council of Governments, 1987. The 
following general criteria for nonpoint source control 
measures were considered in the development of this 



storm water management plan and can serve as guide
lines in the facilities design phase. 

1. Pretreatment of storm runoff to infiltration 
devices was considered to minimize clogging 
and reduce maintenance. Such pretreatment was 
assumed to consist typically of grass filter 
strips. The addition of a sedimentation-flotation 
basin to trap oil and grease was considered 
when the infiltration device would be con
structed in a commercial area. 

2. Where compatible with the goal of efficiently 
transporting storm water runoff, infiltration 
through grass swales was maximized by using a 
maximum longitudinal slope of less than 
5 percent. 

3. Where feasible, to avoid short circuiting of flow 
and to maximize the efficiency of wet detention 
basins, the minimum basin length-to-width ratio 
was set at three to one, or baffles were assumed 
to be provided to increase the flow length. 

4. The depths of wet detention basins were 
assumed to range between three and eight feet, 
with an average depth of five feet. A three-foot 
minimum depth is needed to minimize scour 
and resuspension of deposited sediments, and 
an eight-foot maximum depth will aid in 
reducing aquatic plant growth. 

5. The design of retention basins and other infil
tration systems at the facilities level requires 
site-specific investigations to establish design 
parameters and to avoid groundwater contami
nation. Important considerations related to the 
assessment of the potential for groundwater 
contamination are the soil permeability, the 
depth to the water table, the depth to bedrock, 
and the existing and potential uses of the 
receiving groundwater. For this system planning 
effort, the location of infiltration systems was 
limited to areas covered by relatively permeable 
Hydrologic Soil Group A or B soils, where the 
depth to the seasonally high water table is 
greater than five feet, and where the tributary 
land slopes do not exceed 5 percent. 

6. The maximum area draining to a single infil
tration trench was assumed to be five acres. 

Stormwater Management Facility 
Safety Design Criteria 
Because of the detailed nature of the design of most 
safety measures for stormwater management facilities, 
such design is most appropriately accomplished at 
the final design stage rather than at the systems 
planning stage. The following criteria and assump
tions relating to wet detention basins were considered 
in the development of the storm water management 
system plan and may be used as guidelines in facilities 
design. Additional, site- and case-specific measures 
should be incorporated in the detailed design. 

1. For wet detention basins, a 10-foot-wide, 
essentially level terrace should be provided 
around the perimeter of the permanent pond 
above the permanent water level and another 
such terrace should be provided around the 
perimeter at a depth of about one foot below the 
water level. 

2. Detention basin side slopes should be no steeper 
than one vertical on three horizontal and prefer
ably flatter. 

3. Removable safety cages or grates should be 
provided on the outlets of storage faci I ities and 
on entrances to large storm sewers which may 
pose a safety hazard. Such grates should be 
inspected monthly and after each storm totaling 
1.5 inches or more of runoff in 24 hours. 
Maintenance to clear the grates should be 
performed as appropriate. 

4. Signs should be posted at detention storage 
facilities indicating that they will occasionally 
store water, presenting a safety hazard. 

ECONOMIC EVALUATION 

It is customary to evaluate plans for water resource 
development projects on the basis of benefits and 
costs. This is particularly appropriate if the prospec
tive development represents opportunities for invest
ments to provide economic return to the public and if 
a comparison of alternative investments is desirable. 
In the case of stormwater management systems, 
however, it is assumed that such systems must be 
provided to fulfill a fundamental need of the com
munity,and consequently, they do not compete with 
alternatives of investment in other economic sectors. 
Accordingly, it is assumed that the least costly alter
native system that meets the storm water management 
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objectives set forth in this chapter will be the most 
desirable alternative economically. 

The economic evaluations conducted under this 
storm water management planning program include 
capital cost estimates and annual operation and main
tenance cost estimates. Capital costs include construc
tion contract costs plus engineering, inspection, and 
contract administration costs. Cost data for storm
water drainage and flood control measures are pre
sented in Appendix A. Cost data for urban nonpoint 
source pollution control measures were obtained from 
SEWRPC Technical Report No.31,10 but were 
updated to reflect 1998 costs. 

Where feasible, construction cost curves for entire 
components are presented in Appendix A. Such 
curves are given for surface storage facilities, storm 

. sewers, circular culverts, and pumping stations. For 
other structural storm water management measures, 
unit construction costs for each element of the 
particular measure are tabulated. Unit cost tabulations 
are provided for site work, such as clearing, grubbing, 
and excavation; erosion protection, such as riprap 
and gabions; landscaping; and reinforced concrete. 
Unit costs of construction are also provided for 
concrete box culverts, corrugated metal pipe arch 
culverts, structural plate pipe arch culverts, reinforced 
concrete pipe arches, and horizontal elliptical pipes. 
Where site-specific conditions were expected to 
result in unit costs that would vary from the gener
alized data of Appendix A, unit costs were adjusted 
appropriately. 

Figures A-I through A-6 and Tables A-I through 
A-lOin Appendix A represent 1998 construction 
or operation and maintenance costs based on an 
Engineering News-Record, Construction Cost Index 
(CCI) of 6,740. When estimating total project costs, 
the costs obtained from those figures and tables 
should be adjusted using the CCI for the year of 
the estimate and, unless noted otherwise, increased by 
35 percent to account for engineering, administration, 
and contingencies. Where applicable, the cost of land 
acquisition or easements should be added. 

The cost data presented in Appendix A were 
obtained from bid tabulations for recent storm water 

lOSEWRPC Technical Report No. 31, Costs of Urban 
Nonpoint Source Water Pollution Control Measures, 
June 1991. 
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and floodland management projects within the 
Region, from past Regional Planning Commission 
studies, and from studies conducted by the U.S. Army 
Corps of Engineers. Cost data for the structural 
measures considered were adopted after comparison 
and evaluation of data from these sources. 

The adopted base cost data are those that are con
sidered the most applicable to the types of projects 
considered for the Dousman Ditch and Underwood 
Creek stormwater and floodland management plan. 
The cost data presented in Appendix A were used 
in the economic evaluation of alternative systems 
plans, and are not intended to be used for project 
estimating purposes. Actual costs will vary from 
these estimates, reflecting site-specific conditions, 
local availability and supply of materials, and labor 
costs. Any necessary land acquisition costs were 
estimated utilizing real estate cost estimates pro
vided by the City of Brookfield and the Village of 
Elm Grove. 

SUMMARY 

The process of formulating objectives and standards 
for stormwater and floodland management is an 
essential part of the planning process. To reflect 
the basic needs and values of the community, it is 
necessary that these objectives and standards be 
prepared within the context of, and be fully consistent 
with, proposed land use conditions and broad 
community development objectives. 

The following seven storm water and floodland man
agement objectives were formulated to guide the 
design, test, and evaluation of alternative storm water 
management plans and the selection of a recom
mended plan from among the alternatives considered: 

1. The development of a stormwater and flood land 
management system which reduces the expos
ure of people to drainage-related inconvenience 
and to health and safety hazards and which 
reduces the exposure of real and personal 
property to damage through inundation result
ing from flooding and inadequate storm
water drainage. 

2. The development of a system which will 
effectively serve existing and planned future 
land uses and will promote implementation of 



the adopted land use plan set forth in the 
Waukesha County development plan. 

3. The development of a system which will abate 
nonpoint source water pollution and help 
achieve the recommended water use objectives 
and supporting water quality standards for 
surface waterbodies. 

4. The development of a storm water and floodland 
management system which will maintain or 
enhance existing terrestrial and aquatic biologi
cal communities, including fish and wildlife. 

5. The development of a storm water and floodland 
management system which will be flexible and 
readily adaptable to changing needs. 

6. The development of a stormwater and floodland 
management system which will not pollute 
the groundwater aquifers serving the City and 
the Village. 

7. The development of a storm water and floodland 
management system which will efficiently and 
effectively meet all of the other stated objec
tives at the lowest practicable cost. 

Complementing each of the foregoing objectives is 
a set of quantifiable standards which can be used 
to evaluate the relative or absolute ability of 
alternative plan designs to meet the objective. The 
objectives and standards, which are set forth in 
Table 12, incorporate the goals, objectives, and poli
cies of the 1995 City storm water management guide, 
where appropriate. 

In addition to presenting the objectives and standards 
established for the Dousman Ditch and Underwood 
Creek subwatersheds storm water and flood I and man
agement plan for the City of Brookfield and the 
Village of Elm Grove, this chapter presents the 
engineering design criteria and analytic procedures 

that were used to design and size the alternative 
plan elements and which will serve as a basis for 
the more detailed design of storm water and flood land 
management system components. Criteria and pro
cedures were developed for estimating storm water 
flow rate and volume and for designing street cross
sections, swales, culverts, open channels, storm 
sewers, storage facilities, pumping facilities, and 
urban nonpoint source pollution control measures. In 
addition, storm water management facility safety 
design criteria are presented. 

Consistent with existing City and Village policies, and 
with good engineering practice, a 10-year recurrence 
interval design storm was selected for the evaluation 
and design of the components of the minor, or 
convenience, storm water management system. A 100-
year recurrence interval storm was selected for use 
in evaluating the floodland management system and 
the major, or emergency, stormwater management 
system, in delineating areas of potential inundation 
along the storm water drainage and stream system, and 
to size some elements of the system. 

The hydrologic and hydraulic modeling of the sub
watersheds under existing and full development 
conditions was accomplished with the XP-SWMM 
Stormwater Management Model computer program 
the USEPA HSPF continuous simulation program, 
and the U.S. Army Corps of Engineers HEC-RAS 
River Analysis System water surface profiles com
puter program. Estimation of nonpoint source pollu
tion loads was accomplished using the Source 
Loading and Management Model (SLAMM). 

The economic evaluations conducted under this 
storm water management planning program include 
capital cost estimates and annual operation and 
maintenance cost estimates. Construction cost and 
operation and maintenance data which were used in 
the economic evaluation of alternative systems plans 
are presented in Appendix A. 
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Chapter IV 

WATER QUALITY MANAGEMENT PLAN ELEMENT 

INTRODUCTION 

This chapter describes and evaluates alternative water 
quality management plans designed to serve the 
Dousman Ditch and Underwood Creek subwatersheds 
under planned buildout development conditions. 

The alternative nonpoint source pollution control plans 
are evaluated within the context of the Menomonee 
River watershed plan; 1 the regional water quality 
management plan for southeastern Wisconsin, as 
amended;2 and the Menomonee River priority water
shed nonpoint source control plan3. 

The components of the alternative nonpoint source 
pollution control plans developed for the subwatersheds 
are described below and capital and operation and 
maintenance costs are provided. 

The recommended storm water drainage, nonpoint 
source pollution control, and tloodland management 
measures are integrated into a recommended storm
water management plan for the subwatersheds as set 
forth in Chapter VI. The design of the recommended 
plan was based on consideration of many factors, with 
primary emphasis, however, upon the degree to which 
the recommended storm water management objectives 
and supporting standards are satisfied. Most important 
among the considerations were those relating to cost, to 
the ability of the system components to accommodate 
tlows resulting from the design storm events without 

1 SEWRPC Planning Report No. 26, A Comprehensive 
Plan for the Menomonee River Watershed, Volume 
Two, Alternative Plans and Recommended Plan, 
October 1976. 

2SEWRPC Memorandum Report No. 93, A Regional 
Water Quality Management Plan for Southeastern 
Wisconsin: An Update and Status Report; March 1995. 

3Wisconsin Departments of Natural Resources and 
Agriculture, Trade and Consumer Protection, A Non
point Source Control Plan for the Menomonee River 
Priority Watershed Project, March 1992. 

exacerbating downstream drainage and tlooding 
problems, and to the ability of the system components 
to abate nonpoint source pollution. 

WATER USE OBJECTIVES AND 
WATER QUALITY STANDARDS 

The water use objectives and supporting water quality 
standards to be met by surface waters in the study area 
are set forth in Chapter III of this report. The levels of 
control of nonpoint source pollutants determined to be 
needed to meet those objectives and standards provide 
the basis for selection of the. recommended water 
quality management plan. 

The entire length of Underwood Creek in the study 
area is recommended to meet the warm water forage 
fish and limited recreational water use objectives. The 
stream is currently only partially meeting its water use 
objectives. The full achievement of the recommended 
water use objectives is limited by: 1) loss of aquatic 
habitat due to sedimentation, streamflow fluctuations, 
partial concrete lining of a limited reach of the stream, 
and enclosure of a portion of the stream; 2) high 
bacteria levels from fecal material; and 3) toxicity 
from heavy metals. 

The entire length of Dousman Ditch is recommended 
to meet the limited forage fish and limited recreational 
water use objectives. The stream is currently only 
partially meeting its water use objectives. The full 
achievement of the recommended water use objectives 
is limited by loss of aquatic habitat due to streamtlow 
and temperature tluctuations. 

POLLUTANT LOADING ANALYSIS 

Critical Land Uses within the Study Area 
The 1992 priority watershed study identified commer
cial, industrial, governmental and institutional, free
way, and high-density residential uses as critical land 
uses contributing to nonpoint source pollution in the 
study area. As set forth in Table 4 of Chapter II and 
shown graphically on Map 2, under 1990 land use 
conditions, about 70 percent of the Dousman Ditch 
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subwatershed was developed in urban land uses. 
In1990, about 17 percent of the subwatershed was in 
critical land uses. Upon full buildout of the sub
watershed, it is anticipated that about 81 percent of 
the subwatershed would be developed in urban land 
uses and about 20 percent of the subwatershed would 
be in critical urban uses. Under 1990 land use con
ditions, about 78 percent of the Underwood Creek 
subwatershed was developed in urban land uses, 
including about 10 percent of the subwatershed in 
critical land uses. Upon full buildout of the sub
watershed, it is anticipated that about 86 percent of the 
subwatershed would be developed in urban land uses 
and about 11 percent of the subwatershed would be 
in critical urban uses. In the interim period between 
1990 and the present, much of the planned buildout 
development has occurred in the subwatersheds. 
Overall, about 14 percent of the entire study area, 
including both subwatersheds, would be developed in 
critical land uses under buildout conditions. The water 
quality management plan element focuses primarily 
on providing treatment of runoff from critical land 
uses under buildout conditions as shown on Map 9. 

Quantification of Existing (1990) 
and Planned Buildout Condition 
Loadings of Nonpoint Source Pollutants 
As described in Chapter III, the Source Loading and 
Management model (SLAMM) was used to estimate 
average annual loadings of total suspended solids, total 
phosphorus, lead, copper, and zinc under both existing 
(1990) and planned buildout land use conditions with 
existing controls in the subwatersheds. A comparison 
of estimated annual loadings is set forth in Tables 18 
and 19 and the hydrologic units used in the SLAMM 
analysis are shown on Map 9. 

There are significant existing controls in the sub
watersheds, including 15 ponds that collect runoff 
from a total area of about one square mile, or about 
9 percent of the study area;4 grassed roadside swales 
with culverts or grassed swales with underlying storm 
sewer ditch enclosures that serve almost the entire 
study area; and a program of sweeping streets once in 
spring and once in fall in the City of Brookfield and 
once in late winter and once in spring in the Village 
of Elm Grove. The effects of those controls were 

40ne of the existing ponds in the City of Broolifield was 
constructed to serve a new low-density residential area 
that was developed after J 990. 
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considered in the determination of the existing con
dition loadings. The SLAMM results indicate that the 
existing ponds would be expected to be from about 65 
to 95 percent effective in reducing nonpoint source 
pollutant loadings under existing land use conditions. 

For the study area as a whole under buildout 
conditions, the annual loadings of sediment and phos
phorus would be expected to increase by about 
6 percent and 12 percent, respectively, relative to 
1990 land use conditions. The annual loadings of 
lead, copper, and zinc would be expected to increase 
between 6 and 14 percent relative to 1990 land 
use conditions. 

BASIS FOR THE SELECTION 
OF THE TARGETED LEVELS 
OF CONTROL OF NONPOINT 
SOURCE POLLUTION 

With regard to the targeted nonpoint 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 as amended. 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 recommen
dations were based upon analyses, including extensive 
in-stream water quality simulation modeling conducted 
to establish needed pollutant reductions on a major 
subwatershed basis, and were recommended to be 
refined by subsequent second-level, more site-specific 
planning programs. For the Dousman Ditch and 
Underwood Creek subwatersheds, the recommended 
level of control was determined to be a reduction of 
about 25 percent of the nonpoint source loadings 
estimated under planned land use conditions, in addi
tion to urban construction site erosion control and 
stream bank erosion controls. 

The water quality modeling conducted to develop these 
recommendations included simulation of temperature, 
biochemical oxygen demand, dissolved oxygen, fecal 
coliforms, ammonia nitrogen, and phosphorus. 

In addition to the recommendations developed in the 
regional water quality management plan, nonpoint 
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Drainage 
Area 

Subbasin (acres) 

UC-1 571.1 
UC-2 228.6 
UC-3 141.9 
UC-4 238.0 
UC-5 266.1 
UC-6 429.0 
UC-7 455.2 
UC-8 557.4 
UC-9 391.0 
UC-10 379.2 
UC-11 454.7 
UC-13 43.5 
UC-14 158.4 
UC-16 164.7 

Subtotal 4,478.8 

00-1 146.6 
00-2 324.3 
00-3 148.5 
00-4 170.5 
00-5 235.4 
00-6 193.6 
00-7 349.1 
00-8 315.6 
00-9 360.4 

Subtotal 2,244.0 

Total 6,722.8 

Table 18 

ANNUAL NONPOINT SOURCE POLLUTANT LOADINGS TO UNDERWOOD CREEK AND DOUSMAN DITCH 
UNDER EXISTING (1990) AND PLANNED BUILDOUT LAND USE CONDITIONS WITH EXISTING CONTROLSa 

Total Solids (pounds) Particulate Solids (pounds) Total Phosphorus (pounds) Copper (pounds) Lead (pounds) 

Existing Planned Existing Planned Existing Planned Existing Planned Existing Planned 
(1990) Buildout Percent (1990) Buildout Percent (1990) Buildout Percent (1990) Buildout Percent (1990) Buildout Percent 

Land Use Land Use Change Land Use Land Use Change Land Use Land Use Change Land Use Land Use Change Land Use Land Use Change 

494,570 505,420 2 144,490 155,910 8 326 371 14 503 451 -10 206 183 -11 
186,310 210,310 13 64,470 74,300 15 174 187 7 338 274 -19 249 89 -64 
126,860 126,860 0 43,560 43,560 0 119 119 0 146 146 0 68 68 0 
242,280 242,280 0 89,960 89,960 0 214 214 0 276 276 0 124 124 0 
265,830 299,360 13 82,760 94,470 14 165 226 37 285 333 17 154 173 12 
368,080 405,410 10 105,110 120,980 15 296 369 25 300 335 12 150 163 9 
445,640 438,360 -2 136,560 148,850 9 369 437 18 496 551 11 237 196, -17 
498,320 503,330 1 172,790 175,580 2 457 474 4 546 552 1 251 256 2 
314,760 315,150 0 91,490 91,890 0 301 301 0 270 274 1 125 129 3 
389,820 429,250 10 119,070 129,690 9 300 334 11 307 288 -6 296 326 10 
356,030 416,510 17 140,050 164,600 18 409 464 13 377 441 17 205 300 46 
33,670 33,670 0 14,180 14,180 0 38 38 0 48 48 0 21 21 0 

134,960 142,240 5 46,730 49,580 6 130 141 8 101 116 15 67 74 10 
152,680 152,680 0 58,470 58,470 0 180 180 0 135 135 0 97 97 0 

4,009,810 4,220,830 5 1,309,690 1,412,020 8 3,478 3,855 11 4,128 4,220 2 2,250 2,199 -2 

153,930 194,680 26 46,330 55,560 20 108 145 34 104 119 14 164 179 9 
281,820 303,540 8 88,860 98,260 11 208 201 -3 328 302 -8 101 126 25 
192,750 216,960 13 79,740 86,280 8 160 218 36 140 140 0 214 252 18 
134,700 164,870 22 36,830 50,980 38 68 116 71 155 184 19 58 75 29 
239,640 277,070 16 94,160 112,520 19 311 358 15 268 292 9 177 202 14 
302,400 317,890 5 115,190 120,420 5 275 292 6 164 186 1 283 281 -1 
481,860 422,060 -9 125,680 132,310 5 258 290 12 426 642 51 168 482 187 
310,550 320,330 3 107,940 115,510 7 256 287 12 322 325 1 120 139 16 
245,790 265,610 8 90,460 88,660 -2 303 324 7 274 274 0 133 141 6 

2,323,440 2,483,010 7 785,190 860,500 10 1,947 2,231 15 2,201 2,464 12 1,418 1,877 32 

6,333,250 6,703,840 6 2,094,880 2,272,520 8 5,425 6,086 12 6,329 6,684 6 3,668 4,076 11 

a Existing controls consists of street sweeping twice a year, grassed swales, and 15 ponds. 

Source: SEWRPC. 

Zinc (pounds) 

Existing Planned 
(1990) Buildout Percent 

Land Use Land Use Change 

228 343 50 
123 130 6 
104 104 0 
152 152 0 
157 186 18 
202 309 53 
300 310 3 
346 346 0 
207 207 0 
254 300 18 
282 323 15 

27 27 0 
112 109 -3 
119 119 0 

2,613 2,965 13 

108 138 28 
233 178 -24 
111 144 30 
56 102 82 

169 264 56 
203 217 7 
244 248 2 
215 224 4 
151 187 24 

1,490 1,702 14 

4,103 4,667 14 



Total Solids 
(pounds per acre) 

Drainage Existing Planned 
Area (1990) Buildout 

Subbasin (acres) land Use land Use 

UC-l 571.1 866 885 
UC-2 228.6 815 920 
UC-3 141.9 894 894 
UC-4 238.0 1,018 1,018 
UC-5 266.1 999 1,125 
UC-6 429.0 858 945 
UC-7 455.2 979 963 
UC-8 557.4 894 903 
UC-9 391.0 805 806 
UC-l0 379.2 1,028 1,132 
UC-ll 454.7 783 916 
UC-13 43.5 774 774 
UC-14 158.4 852 898 
UC-16 164.7 927 927 

00-1 146.6 1,050 1,328 
00-2 324.3 869 936 
00-3 148.5 1,298 1,461 
00-4 170.5 790 967 
00-5 235.4 1,018 1,177 
00-6 193.6 1,562 1,642 
00-7 349.1 1,323 1,209 
00-8 315.6 984 1,015 
00-9 360.4 682 737 

Table 19 

ANNUAL UNIT AREA LOADINGS OF NONPOINT SOURCE POLLUTANTS EXISTING (1990) 
AND PLANNED BUILDOUT LAND USE CONDITIONS WITH EXISTING CONTROLSa 

Particulate Solids Total Phosphorus Copper lead 
(pounds per acre) (pounds per acre) (pounds per acre) (pounds per acre) 

Existing Planned Existing Planned Existing Planned Existing Planned 
Percent (1990) Buildout Percent (1990) Buildout Percent (1990) Buildout Percent (1990) Buildout 
Change land Use land Use Change land Use land Use Change land Use land Use Change land Use land Use 

2 253 273 8 0.57 0.65 14 0.88 0.79 -10 0.36 0.32 
13 282 325 15 0.76 0.82 8 1.48 1.20 -19 1.09 0.39 

0 307 307 0 0.84 0.84 0 1.03 1.03 0 0.48 0.48 
0 378 378 0 0.90 0.90 0 1.16 1.16 0 0.52 0.52 

13 311 355 14 0.62 0.85 37 1.07 1.25 17 0.58 0.65 
10 245 282 15 0.69 0.86 25 0.70 0.78 11 0.35 0.38 
-2 300 327 9 0.81 0.96 19 1.09 1.21 11 0.52 0.43 
1 310 315 2 0.82 0.85 4 0.98 0.99 1 0.45 0.46 
0 234 235 0 0.77 0.77 0 0.69 0.70 1 0.32 0.33 

10 314 342 9 0.79 0.88 11 0.81 0.76 -6 0.78 0.86 
17 308 362 18 0.90 1.02 13 0.83 0.97 17 0.45 0.66 
0 326 326 0 0.87 0.87 0 1.10 1.10 0 0.48 0.48 
5 295 313 6 0.82 0.89 9 0.64 0.73 14 0.42 0.47 
0 355 355 0 1.09 1.09 0 0.82 0.82 0 0.59 0.59 

26 316 379 20 0.74 0.99 34 0.71 0.81 14 1.12 1.22 
8 274 303 11 0.64 0.62 -3 1.01 0.93 -8 0.31 0.39 

13 537 581 8 1.08 1.47 36 0.94 0.94 0 1.44 1.70 
22 216 299 38 0.40 0.68 70 0.91 1.08 19 0.34 0.44 
16 400 478 20 1.32 1.52 15 1.14 1.24 9 0.75 0.86 

5 595 622 5 1.42 1.51 6 0.95 0.96 1 1.46 1.45 
-9 360 379 5 0.74 0.83 12 1.22 1.84 51 0.48 1.38 
3 342 366 7 0.81 0.91 12 1.02 1.03 1 0.38 0.44 
8 251 246 -2 0.84 0.90 7 0.76 0.76 0 0.37 0.39 

a Existing controls consists of street sweeping twice a year, grassed swales, and 15 ponds. 

Source: SEWRPC. 

Zinc 
(pounds per acre) 

Existing Planned 
Percent (1990) Buildout Percent 
Change land Use land Use Change 

-11 0.40 0.60 50 
-64 0.54 0.57 6 

0 0.73 0.73 0 
0 0.64 0.64 0 

12 0.59 0.70 19 
9 0.47 0.72 53 

-17 0.66 0.68 3 
2 0.62 0.62 0 
3 0.53 0.53 0 

10 0.67 0.79 18 
47 0.62 0.71 15 

0 0.62 0.62 0 
12 0.71 0.69 -3 

0 0.72 0.72 0 

9 0.74 0.94 27 
26 0.72 0.55 -24 
18 0.75 0.97 29 
29 0.33 0.60 82 
15 0.72 1.12 56 
-1 1.05 1.12 7 

188 0.70 0.71 1 
16 0.68 0.71 4 

5 0.42 0.52 24 



source pollutant reduction goals were established for 
the study area under the aforementioned priority water
shed planning program. The latter nonpoint source 
pollutant reduction goals were established by the 
Wisconsin Department of Natural Resources (WDNR) 
staff, and 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 considered field 
observations, stormwater quality sampling, and esti
mates 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 sediment loadings be reduced under 
planned conditions to about 50 percent of the 1985 
condition loads, that phosphorus loads be reduced from 
50 to 75 percent, and that metals be reduced by about 
45 percent in the Dousman Ditch subwatershed and 
51 percent in the Underwood Creek subwatershed. 

Under the current planning process, consideration 
was given to achieving the levels of nonpoint source 
pollution control recommended under both planning 
efforts described above. However, experience 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 effective best manage
ment practices in areas of existing urban development 
where there may not be sufficient open lands to accom
modate such practices. 

EVALUATION OF 
STREAMBANK EROSION 

The Menomonee River priority watershed study 
quantified the estimated contribution of sediment from 
streambank erosion as a percentage of the overall 
sediment loads in the Dousman Ditch and Underwood 
Creek subwatersheds. It was concluded that stream
bank erosion was not a significant sediment source 
(0 percent of the total sediment load) in the Dousman 
Ditch subwatershed under either 1985 or planned 2000 
land use conditions. It was also concluded that 
streambank erosion was only a minor sediment source 
(3 percent of the total sediment load) in the Underwood 
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Creek subwatershed under either 1985 or planned 2000 
land use conditions. Inventories conducted under the 
priority watershed study identified four reaches of 
eroding streambanks in the Underwood Creek 
subwatershed. One of those sites, which had a length 
of 55 feet, was classified in that study as being 
in Management Category I. Three other sites with a 
total length of 100 feet were classified as being in 
Management Category II. Category I sites exhibit 
moderate to severe lateral bank recession rates and 
contribute five or more tons of sediment a year to the 
stream. Category II sites exhibit low to moderate lateral 
bank recession rates and contribute less than five tons 
of sediment a year to the stream. Control of Category I 
sites was assigned a priority for control ahead of 
Category II sites. 

The potential for stream bank erosion in the streams of 
the study area was evaluated using the results of the 
hydrologic and hydraulic models developed under this 
stormwater management plan. The observation of the 
priority watershed study that stream bank erosion is not, 
and is not anticipated to be, a major source of sediment 
in the subwatersheds was verified. It was found that, 
under planned land use conditions, streamflow veloci
ties would generally be in the nonerosive range during 
more frequent floods with recurrence intervals of two 
years or less.5 

Thus, while localized bank protection projects, using 
more natural bioengineering techniques wherever 
practical, should be undertaken to control streambank 
erosion, widespread corrective measures are not needed 
in the subwatersheds. 

CONSTRUCTION EROSION 
CONTROL ORDINANCES 

The City of Brookfield has a construction erosion 
control ordinance that requires the provision of erosion 
control practices consistent with the: WDNR Con
struction Site Best Management Practices Handbook 
The Village of Elm Grove has an ordinance based on 
the State of Wisconsin Model Construction Site 
Erosion Control Ordinance. Strict application and 
enforcement of those ordinances would be expected to 

5The more frequent floods are considered to be those 
which have the most impact on the configuration of a 
stream's low-flow channel. 

1 
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enable achievement of a 75 percent reduction in sedi
ment transported from construction sites relative to 
uncontrolled conditions. Such strict adherence to the 
ordinance requirements is, therefore, an essential part 
of the nonpoint source control plan for the study area. 

WINTER MANAGEMENT 
OF ROADWAYS 

It is recommended that the City and Village investigate 
alternatives to the application of sand on roadways in 
the winter. Reductions in the amounts applied would be 
beneficial in reducing sediment loads to streams and in 
reducing the accumulation of sediment in grass swales, 
at culverts, in storm sewers, and in ditch enclosures. 

STATE OF WISCONSIN 
STORMWATER DISCHARGE 
PERMITTING PROGRAM 

Both the City and the Village have participated in the 
submittal of a group application for a Wisconsin 
Pollutant Discharge Elimination Systems (WPDES) 
storm water discharge permit as required under Chapter 
NR 216, "Storm Water Discharge Permits," of the 
Wisconsin Administrative Code. The group permit was 
submitted on February 11,2000, by eight Menomonee 
River watershed communities, including the Cities of 
Brookfield, Greenfield, and Wauwatosa and the 
Villages of Butler, Elm Grove, Germantown, Meno
monee Falls, and West Milwaukee. The permit to be 
issued by the WDNR will specify conditions intended 
to control nonpoint source pollution from all areas 
within the municipalities. The recommendations of this 
plan would be expected to be an integral part of the 
permit requirements. 

PROPOSED STATE 
NONAGRICULTURAL RUNOFF 
PERFORMANCE STANDARDS 

The State of Wisconsin has proposed the implemen
tation of water quality performance standards address
ing surface water and groundwater issues. The 
standards would apply to runoff from existing and new 
nonagricultural development, redevelopment sites, and 
construction sites. As of the date of this report, draft 

standards were still being evaluated through the public 
hearing process. Those draft standards will be subject 
to change during the legislative approval process. 

ALTERNATIVE WATER QUALITY 
MANAGEMENT PLANS 

Introduction 
Alternative water quality management plans for the 
control of nonpoint source pollutants were developed 
and evaluated to achieve the water quality objectives 
presented in Chapter III of this report wherever 
practicable. The alternative measures considered repre
sent a refinement of the more generalized recommen
dations presented in the regional water quality 
management plan for southeastern Wisconsin. Further
more, the measures considered are consistent with 
the Menomonee River watershed non point source 
control plan, recognizing the constraints imposed by 
specific conditions in the study area. The water quality 
management measures considered are also coordinated 
and combined with the drainage recommendations 
made in Chapter V so as to provide mUltiple water 
quantity and water quality benefits and to minimize 
costs. This section describes alternative water quality 
management plans, estimates pollutant loadings to the 
surface waters under each of these alternatives, and 
presents the estimated cost of each alternative. 

Each of the potentially available water quality manage
ment measures provides unique benefits with respect to 
the plan objectives. Yet, each measure also has limita
tions resulting from the physical constraints imposed 
by the watershed. The recommended water quality 
management plan will be selected on the basis of the 
desired reduction in pollutant loadings, the cost
effectiveness of the measures, the availability of suit
able sites, and compatibility with the aforementioned 
stormwater drainage recommendations. Five genera) 
types of control measures could be expected to be 
effective and could potentially have application in the 
Dousman Ditch and Underwood Creek subwatersheds. 
These measures are: 1) wet detention basins, 2) mainte
nance of grassed swales in areas of suburban low-, and 
medium-density urban development, 3) increased street 
sweeping in certain areas of critical land uses, 
4) construction site erosion control measures imple
mented as required by the City and Village construction 
erosion control ordinances, and 5) limited streambank 
stabilization. Items 2, 4, and 5 above would be compo
nents of any nonpoint source control plan for the study 
area and they are discussed below following the 
description and evaluation of alternative plans. 
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Infiltration facilities, such as infiltration trenches and 
basins, porous pavement, and onsite seepage pits, 
remove waterborne pollutants by capturing surface 
water runoff and filtering it through the soil or other 
substrate material. Such facilities have been found to 
be effective in certain urban areas where the soils and 
drainage system are suitable and there are no sig
nificant sources of toxic pollutants which could 
contaminate underlying groundwater resources. Within 
the Dousman Ditch and Underwood Creek subwater
sheds, however, infiltration facilities were not found 
to be a viable alternative because over 90 percent of 
the study area is covered by poorly drained or very 
poorly drained soils and because significant sanitary 
sewer backup problems have occurred in the study 
area, related in part to sanitary sewer inflow and 
infiltration. Under these soil conditions, infiltration 
rates would be relatively low, and the removal of 
pollutants through infiltration into the soil would be 
limited. However, in this regard, the study area contains 
about 890 acres of wetland and other open space uses 
which would remove nonpoint source pollutants in 
stormwater through infiltration, filtration, and/or 
biological uptake. 

Descriptions of Alternative Plans 
The alternatives focus on practices that would control 
nonpoint source pollution from critical existing land 
uses. Review of Maps 2 and 3 in Chapter II, along with 
consideration of the land that has developed since 1990 
emphasizes the relatively small amount of land 
available for future development as well as the general 
lack of available sites in the study area for the location 
of large-scale best management practices that would 
provide significant control of pollutants from critical 
land uses. 

A common component of each alternative plan that was 
developed is a wet detention basin along Dousman 
Ditch in its upper reach. Because that basin would 
function as a dual-purpose facility for both water 
quantity and quality control, alternative basin con
figurations are described in detail in Chapter V, 
"Alternative and Preliminary Recommended Storm
water and Floodland Management Plans." The prelimi
nary recommended wet detention basin described in 
Chapter V would treat runoff from about 40 percent of 
the critical land use area in the study area, including a 
large portion of the commercial development along 
W. Bluemound Road. 

Another common component of each alternative non
point source pollution control plan that was developed 
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for the subwatersheds is the control of nonpoint source 
pollution from all remaining areas to be developed, or 
from areas of redevelopment. Such control would be 
achieved through a combination of 1) construction of 
the Dousman Ditch wet detention basin, 2) construction 
site erosion control measures, and 3) site-specific best 
management practices to reduce the washoff of 
pollutants. The approximate areas of incremental 
planned development occurring between 1990 and 

. the achievement of buildout conditions which would 
be treated by the detention basin include 78 acres 
in commercial uses, two acres in governmental and 
institutional uses, and 113 acres in medium- and low
density residential uses 

The possibility of constructing additional wet detention 
basins in locations where they could effectively control 
runoff from critical land uses was investigated. Aside 
from the basin along Dousman Ditch, it was found that 
there would be only.one suitable open space site for a 
wet basin that would receive runoff from critical land 
uses, but it was eliminated from consideration for the 
following reasons: 1) the potential loading reductions 
would be extremely small relative to the overall 
watershed loadings and 2) the site is on the grounds of 
an existing church and its development would restrict 
the current use of those grounds. 

Several additional options that are available for the 
control of nonpoint source pollution from critical 
land use areas include: I) increased street sweeping in 
areas with urban street cross sections and curb and 
gutter; 2) reduced application of sand on streets in the 
winter; and 3) public information and education efforts 
to promote good urban "housekeeping" practices that 
reduce nonpoint source pollution. 

Water Quality Alternative Plan No. 1-
Dousman Ditch Detention Basin with 
Increased Street Sweeping In Critical Areas 
As shown on Map 10, Alternative No. 1 includes the 
continued implementation of construction erosion con
trol measures, maintenance of the existing 15 ponds, 
construction of a 19-acre wet detention basin with a 
permanent pond volume of about 87 acre-feet along the 
upper reach of Dousman Ditch, and increasing the 
frequency of street sweeping in Hydrologic Units UC-
1 0 and 11 from twice a year to once every four weeks 
between April 1 and October 31. This alternative would 
provide controls on runoff from about 73 percent of the 
critical land uses in the study area. 



00-1 

DDIS 

D 

Map 10 

WATER QUALITY ALTERNATIVE PLAN NO. 1-DOUSMAN DITCH 
DETENTION BASIN WITH INCREASED STREET SWEEPING IN CRITICAL AREAS 
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Tl;'E UNDER'M)()D CREEK SUBW\TER$HEO 

Source: SEWRPC. 
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Table 20 

ANNUAL TOTAL NONPOINT SOURCE LOADINGS TO DOUSMAN DITCH AND 
UNDERWOOD CREEK UNDER ALTERNATIVE WATER QUALITY MANAGEMENT PLANS 

Existing Alternative No. 1 Alternative No.2 
(1990) Planned 
Load No Action Load 

Element (pounds) (pounds) (pounds) 

Total Solids ............. 6,333,250 6,703,840 6,138,951 
Particulate Solids .... 2,094,880 2,272,520 1,713,292 
Total Phosphorus .... 5,425 6,086 5,182 
Total Copper ............ 6,329 6,684 5,291 
Total Lead ................ 3,668 4,076 2,934 
Total Zinc ................. 4,103 4,667 3,966 

aRelative to the 1990 loading. 

bRelat;ve to the Planned No Action loading. 

Source: SEWRPC. 

The increased street sweeping was limited to those 
areas of critical land uses that have urban street cross 
sections with curb and gutter and that would not be 
tributary to wet detention basins under alternative plan 
conditions. Increased street sweeping was not proposed 
in areas tributary to detention basins because the 
pollutants removed by sweepers, generally the larger 
particles, would also readily settle out in wet basins. 
Increased sweeping was also not proposed for resi
dential streets because most of those areas are served 
by roadside swales and little additional control of 
pollutants would be expected through sweeping of the 
low-density residential streets. The effectiveness of 
street sweeping would be greatest during spring and fall 
and would be greatly enhanced through the use of 
regenerative air sweepers. Increased cleaning of catch 
basins and improved leaf collection would be 
associated with increased street sweeping.6 

As seen from Table 20, implementation of this 
alternative plan would result in pollutant loading 
reductions relative to 1990 land use conditions in the 
study area of 3 percent for total solids, 18 percent for 
particulate solids, 5 percent for phosphorus, 16 percent 
for copper, 20 percent for lead, and 3 percent for zinc. 
Relative to planned buildout conditions in the absence 

6The City of Brookfield has established a policy of 
requiring the installation of catch basins in the storm 
sewer systems for new development. 
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Percent Percent Load Percent Percent 
Changea Changeb (pounds) Changea Changeb 

-3 -8 6,141,346 -3 -8 
-18 -25 1,712,478 -18 -25 

-5 -15 5183 -5 -15 
-16 -21 5287 -17 -21 
-20 -28 2933 -20 -28 
-3 -15 3966 -3 -15 

of further controls, the expected reductions due to 
implementation of this alternative plan would be 
8 percent for total solids, 25 percent for particulate 
solids, 15 percent for phosphorus, 21 percent for 
copper, 28 percent for lead, and 15 percent for zinc. 

As set forth in Table 21, the total capital cost of 
this alternative plan is estimated to be $4,096,000. 
Utilizing an annual interest rate of 6 percent, a project 
life and amortization period of 50 years, and an 
estimated annual operation and maintenance cost of 
$7,000, the average annual cost of the alternative plan 
is estimated at $276,000. 

Water Quality Alternative Plan No. 2-
Dousman Ditch Detention Basin with 
Additional Increased Street Sweeping 
in Critical Areas 
As shown on Map 11, Alternative No.2 includes the 
wet detention basin and construction erosion control 
measures set forth in Alternative No. 1 plus street 
sweeping in Hydrologic Unit UC-IO once every two 
weeks between April. 1 and October 31. This alterna
tive would also control runoff from about 73 percent 
of the critical land uses in the study area, but the level 
of control would be somewhat greater than under 
Alternative No.1. 

As seen from Table 20, implementation of this 
alternative plan would result in pollutant loading 
reductions relative to 1990 land use conditions in the 
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Map " 

WATER QUALITY ALTERNATIVE PLAN NO.2-DOUSMAN DITCH DETENTION 
BASIN WITH ADDITIONAL INCREASED STREET SWEEPING IN CRITICAL AREAS 

HYDROLOGIC UNIT BOUNOI\RY 

SUBBASIN BOUNDARY 

HYDROlOGIC UNIT OESIGNATION 

SU!lUASIN DESIGNATION 

PROPOSEO OVAL-PURPOSE WET 
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SweEP STREETS EVERY TVVO weEKS mOM APRil 1 TO 
OCTOBER 31 

THIS At TERNATIVE INCLUDES CONTINUED IMPLEMENTATION 
OF CONSTRUCTION EROSION CONTROL MEASURES AS 
REaUIREO UNDER THE CITY AND VilLAGE ORDINANCES 

THE STUDY AREA CONSISTS Of THE ENTIRE DOUSMAN DITCH 
SUBWATERSHED AND THE WAUKESHA COUNTY PORTION OF 
11110 UNDIOR\i\OOD CREEK SU8V'IATERSHEO 

Source: SEWRPC. 
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study area of 3 percent for total solids, 18 percent for 
particulate solids, 5 percent for phosphorus, 17 percent 
for copper, 20 percent for lead, and 3 percent for zinc. 
Relative to planned buildout conditions in the absence 
of further controls, the expected reductions due to 
implementation of this alternative plan would be 
8 percent for total solids, 25 percent for particulate 
solids, 15 percent for phosphorus, 21 percent for 
copper, 28 percent for lead, and 15 percent for zinc. 

As set forth in Table 21, the total capital cost of this 
alternative plan is estimated to be $4,102,000. 
Utilizing an annual interest rate of 6 percent, a project 
life and amortization period of 50 years, and an 
estimated annual operation and maintenance cost of 
$14,000, the average annual cost of the alternative 
plan is estimated at $283,000. 

Evaluation of Water Quality 
Management Alternatives 
The two alternative water quality management plans 
were evaluated with respect to pollutant removal 
effectiveness and cost. 

Pollutant Removal Effectiveness 
The alternative plans essentially provide the same 
degree of control of non point source pollution. 

Cost 
The estimated capital, annual operation and mainte
nance, and equivalent annual costs of each alternative 
plan are presented in Table 21. The costs of the 
alternative plans are almost equal, with the cost of 
Alternative No. 1 being slightly lower than that of 
Alternative No.2. 

Selection of the Preliminary 
Recommended Alternative Plan for 
Control of Nonpoint Source Pollution 
within the Study Area 
Based on consideration of the level of reduction in 
pollutant loadings and equivalent annual cost, nonpoint 
source pollution control Alternative Plan No.1, 
Dousman Ditch Detention Basin with Increased Street 
Sweeping in Critical Areas, is the selected as the 
preliminary recommended alternative. In addition to 
those components set forth above, the preliminary 
recommended alternative plan would also include: 
I) measures to control nonpoint source pollution from 
all remaining areas to be developed, or from areas of 
redevelopment. Such control would be achieved 
through a combination of construction site erosion 
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control measures and site-specific best management 
practices to reduce the washoff of pollutants; 
2) development and/or expansion of public education 
programs to encourage good urban "housekeeping" 
practices; 3) strict enforcement of the existing 
construction erosion control ordinances; 4) limited 
stream bank stabilization; and 5) reduced application of 
sand on streets in the winter and possibly the use of 
alternative road deicing chemicals that are less environ
mentally damaging than calcium chloride. 

Public information and education programs are recom
mended to promote the acceptance and understanding 
of the proposed pollution abatement measures, the 
importance of water quality protection, and the estab
lishment of good urban "housekeeping" practices. 
Urban housekeeping practices and source controls 
include restricted use of fertilizers and pesticides, 
improved pet waste and litter control, the reduced use 
of galvanized steel roof materials and gutters, proper 
disposal of motor vehicle fluids, increased leaf collec
tion and catch basin cleaning, 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 practic
able, 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 such 
spilled substances as oil and grease into water-ways. 
Material storage areas may be enclosed or periodically 
cleaned and diversion of storm water away from these 
sites may further reduce pollutant loadings. 

Other measures, such as reduced use and the current 
elimination of leaded gasoline and increased air pollu
tion control, which may be implemented on a regional, 
State, or national level, may also be expected to reduce 
loadings of certain pollutants including metals. For 
example, the reduced use of leaded gasoline since 1974 
has contributed to reduced dissolved lead levels in 
nearly two-thirds of the major rivers within the 
United States. 7 

7R. B. Alexander and R. A. Smith, "Trends in Lead 
Concentrations in Major u.s. Rivers and Their 
Relation to Historical Changes in Gasoline Lead 
Consumption," Water Resources Bulletin, Vol. 24, 
No.3, June 1988, pp. 557-569. 



Table 21 

PRINCIPAL FEATURES AND COSTS OF ALTERNATIVE WATER QUALITY MANAGEMENT PLANS 
FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS IN THE 

CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 

Water Quality Control Costsa 

Annual 
Amortized Operation and 

Alternative Description Capital Capitalb Maintenance Total 

No.1-Dousman 19-acre, 87-acre-foot $3,780,000c - - $ 9,000 - -
Ditch Detention detention basin 
Basin with 

Access roads/ baffles 120,000 
Increased Street 

- - - - - -

Sweeping In 

Critical Areas Open channel to 100,000 - - - - - -
convey runoff to 
pond 

Land acquisition 90,000 - - - - - -

Street sweepingd 6,000 - - 7,000 - -
(23 curb-miles) 

Total - - $4,096,000 $260,000 $16,000 $276,000 

No.2-Dousman 19-acre, 87-acre-foot $3,780,000c - - $ 9,000 - -

Ditch Detention detention basin 
Basin with 

Access roads/ baffles 120,000 
Additional 

- - - - - -

Increased Street 
Sweeping In Critical Open channel to 100,000 - - - - - -

Areas convey runoff to 
pond 

Land acquisition 90,000 - - - - - -
Street sweepinge 12,000 - - 14,000 - -

(23 curb-miles) 

Total - - $4,120,000 $260,000 $23,000 $283,000 

NOTE: Costs are based upon 1998 Engineering News Record Construction Cost Index = 6,740. 

alf during the facilities design phase, it is determined that an impervious liner is required for the wet detention basin, 
the water quality control cost of Alternative Nos. 1 and 2 would be increased by about $600,000. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

clncludes both quantity and quality cost components from Chapter V. The quantity component was split out in that 
chapter to enable comparison of quantity alternatives on a consistent basis. This cost represents the estimated total 
cost to construct the wet detention basin. 

dSweep every four weeks between April 1 and October 31. 

eSweep every two weeks between April 1 and October 31. 

Source: SEWRPC. 
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Table 22 

REDUCTION IN NONPOINT SOURCE POLLUTANT LOADINGS 

Reductions in Nonpoint Source Pollutant Loadings 
under Planned Land Use Conditions 

Preliminary Preliminary 
Regional Water Recommended Plan Recommended Plan 

Quality Management Priority Watershed Relative to Buildout Relative to Existing 
Pollutant Plan (percent) Plana (percent) Conditions (percent) Conditions (percent) 

Sediment ...................... 25 50 8 3 
Phosphorus .................. 25 50 to 70 15 5 
Lead .............................. --b 51 28 20 
Copper .......................... --b SOc 21 16 
Zinc ............................... --b 50c 15 3 

aReduction relative to 1985 conditions. 

bNo specific analyses were conducted to establish a level of reduction for metals in the regional water quality management plan. 

cApproximate reduction. Actual reduction to meet acute effluent toxicity standards should be determined on a case-by-case basis. 

Source: SEWRPC. 

COMPARISON OF NONPOINT 
SOURCE POLLUTION REDUCTIONS 
WITH THOSE RECOMMENDED 
UNDER THE REGIONAL WATER 
QUALITY MANAGEMENT PLAN AND 
THE PRIORITY WATERSHED STUDY 

Table 22 sets forth a comparison of the preliminary 
recommended plan minimum loading reductions with 
the reductions recommended under the regional water 
quality management plan and under the priority 
watershed study. The preliminary recommended 
control measures, if fully implemented, would reduce 
nonpoint source pollutant loadings to the streams in the 
study area under buildout land use conditions by a 
minimum of 8 to 28 percent relative to the loadings 
under buildout conditions without the recommended 
controls. The loadings would be expected to decrease 
from 3 to 20 percent relative to those estimated for 
1990 land use conditions with existing controls. 

The minimum loading reductions anticipated if the 
preliminary recommended plan were implemented fall 
short of the recommendations of both the regional 
water quality management plan and the priority water
shed study. However, when the additional recom
mended measures, including construction erosion 
control, reduced application of sand on streets, public 
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information and education efforts, sound household 
land management practices, and industrial onsite 
nonpoint source pollution control measures are con
sidered, the estimated reductions would be closer to the 
water quality management plan goals of both plans. 

INTEGRATION OF THE 
PRELIMINARY RECOMMENDED 
STORMWATER DRAINAGE AND 
WATER QUALITY MANAGEMENT 
PLANS INTO A PRELIMINARY 
RECOMMENDED STORMWATER 
MANAGEMENT PLAN 

The preliminary recommended water quality manage
ment plan is compatible with 'the preliminary 
recommended storm water drainage· and floodland 
management plans set forth in Chapter V of this report. 
The Dousman Ditch detention basin, which is the 
major structural component of the water quality 
management plan, was integrated into the preliminary 
recommended storm water and flood land management 
plan as described in Chapter V. The construction 
erosion control, street sweeping, and limited stream
bank stabilization components are essentially indepen
dent of the drainage and flood land measures and are 
readily implementable under the preliminary recom
mended stormwater and flood land management plan. 



Chapter V 

AL TERNATIVE AND PRELIMINARY RECOMMENDED 
STORMWATER AND FLOODLAND MANAGEMENT PLANS 

INTRODUCTION 

This chapter presents the findings of an inventory 
and evaluation of the existing stormwater drainage 
and flood land management systems serving the 
Underwood Creek and Dousman Ditch subwatersheds 
in the City of Brookfield and the Village of 
Elm Grove and describes and evaluates alternative 
stormwater drainage and floodland management plans 
to serve those subwatersheds under full develop
ment conditions. 

Following this introductory section, the second 
section of this chapter presents the findings of the 
inventory and evaluation of the existing storm water 
drainage and floodland management systems in the 
subwatersheds. As indicated in Chapter III of this 
report, a 10-year recurrence interval storm event 
was used to evaluate the minor drainage system 
components consisting of roadside swales and cross 
culverts; curbs, gutters, and storm sewers; and cer
tain natural or constructed areas that store runoff. A 
50-year recurrence interval storm was used to 
evaluate the adequacy of culverts under arterial 
highways. A 100-year recurrence interval storm was 
used to evaluate the major system components, 
including the entire street cross-section, inter
connected drainage swales and watercourses, and the 
overland flow paths which connect the street system 
with watercourses. 

The third section briefly summarizes alternative 
conceptual approaches to storm water management 
and flood land management and assesses their 
applicability to the solution of drainage and flooding 
problems in the Underwood Creek and Dousman 
Ditch subwatersheds. Based on that assessment, the 
set of alternative drainage and floodland management 
approaches which is best suited to addressing 
conditions in the subwatersheds was selected. The 
flood land management alternatives were selected 
after consideration of the recommendations of the 
Commission's 1976 Menomonee River watershed 

study, 1 a 1979 Dousman Ditch detention basin study 
prepared by Donohue & Associates, Inc} a 1986-87 
land use study of the Bluemound Road/Wisconsin 
Avenue development corridor prepared by Howard 
Needles Tammen & Bergendoff,3 the Commission's 
1990 stormwater drainage and flood control system 
plan prepared for the Milwaukee Metropolitan 
Sewerage District (MMSD),4 and the 1991 park and 
open space plan for the City of Brookfield.5 The 
alternatives were also selected within the context of 
current regulatory policies which restrict and constrain 
activities in and along navigable streams and 
wetlands. The fourth section includes descriptions of 
alternative and recommended flood control plans 
developed under past planning efforts for the sub
watersheds, presents 11 alternative plans to address 
flooding problems along Underwood Creek, and 
integrates those plans with pertinent components 

. of the preliminary recommended water quality 

1 SEWRPC Planning Report No. 26, A Comprehensive 
Plan for the Menomonee River Watershed, October 
1976. 

2Donohue & Associates, Inc., Consulting Engineers, 
Dousman Ditch Detention Basin Study, prepared for 
the City of Broolifield and the Village of Elm Grove, 
May 25,1979. 

3 Howard Needles Tammen & Bergendoff, A Three
Phase Comprehensive Land-Use Study of the Blue
mound Road-Wisconsin Avenue Development Corri
dor, prepared for the City of Brookfield, May 1986-
July 1987. 

4SEWRPC Community Assistance Planning Report 
No. 152 (CAPRNo. 152), A Storm water Drainage and 
Flood Control System Plan for the Milwaukee 
Metropolitan Sewerage District, December 1990. 

5SEWRPC Community Assistance Planning Report 
No. 108 (CAPR No. 108), A Park and Open Space 
Plan for the City of Brookfield, August 1991. 
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management plan described in Chapter IV. The 
components of each of those alternatives are described 
and estimated and capital and annual operation and 
maintenance costs are set forth. This section also 
includes an evaluation of the alternative floodland 
management plans with consideration given to: 
1) their relative abilities to reduce downstream flood 
damages; 2) their relative capital and annual operation 
and maintenance costs; 3) their consistency with City 
and Village development policies established over 
time; 4) their ability to incorporate the nonpoint 
source pollution control measures considered in 
Chapter IV of this report; and 5) their ability to be 
implemented based on the requirements of Wisconsin 
Statutes, administrative rules, and policies regarding 
activities in and along navigable streams and wet
lands. Based on that evaluation, a preliminary recom
mended floodland management plan was selected. 

The fifth section presents alternative and preliminary 
recommended plans to address stormwater drainage 
problems in the Underwood Creek and Dousman 
Ditch subwatersheds. The components of each of 
those alternatives are described and estimated capital 
and annual operation and maintenance costs are set 
forth. The alternative stormwater drainage plans are 
evaluated based on: 1) their relative abilities to reduce· 
stormwater drainage problems; 2) their relative capital 
and annual operation and maintenance costs; 3) their 
ability to incorporate the nonpoint source pollution 
control measures considered in Chapter IV of this 
report; 4) their relationship to the preliminary recom
mended floodland management measures; and 5) their 
ability to be implemented. The alternatives to be 
considered for inclusion in the recommended plan, as 
set forth in Chapter VI of this report, are selected by 
hydrologic unit, resulting in a plan which consists of 
the combination of alternatives which best meets the 
objectives and supporting standards established in 
Chapter III. 

EVALUATION OF THE EXISTING 
STORMWATER DRAINAGE 
AND FLOODLAND MANAGEMENT 
SYSTEM IN THE SUBW ATERSHEDS 

Introduction 
In order to characterize the eXlstmg stormwater 
drainage system, the components of that system must 
be definitively described. The digital storm water 
infrastructure system maps prepared by the City and 
the Village, as described in Chapter II of this 
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report, provide such a definitive description which 
enables the hydraulic capacities of the existing con
veyance and storage facilities to be evaluated under 
the design storms and existing and planned buildout 
land use development conditions in the tributary 
catchment areas. The components which are found 
to have inadequate capacity can then be addressed 
in the design of alternative stormwater drainage 
system plans. 

The evaluation of the existing storm water drainage 
system was directed toward the storm sewers, storage 
facilities, open channels, roadside swales, and culverts 
which may be components of both the minor and 
major systems and toward the open watercourses 
and related bridges and culverts of the major system. 
In the evaluation it was assumed that the backyard 
and sideyard drainage swales and the storm sewer 
inlets would have adequate capacity to convey the 
stormwater flows generated by storms up to and 
including the 10-year recurrence interval event to the 
receiving conveyance and storage facilities of the 
minor system. 

The magnitude of existing flooding problems due 
to overflow from the major streams in the sub
watersheds was characterized based on historical 
observation and computer simulation of flood profiles. 
Consistent with standard engineering practice and 
State and Federal floodplain management policies, 
flooding conditions were evaluated during floods with 
recurrence intervals up to, and including, 100 years.6 

Physical Characteristics 
The 10.8-square-mile study area, which encompasses 
the entire Dousman Ditch subwatershed and that 
portion of the Underwood Creek subwatershed within 
the City of Brookfield and the Village of Elm Grove, 
was divided into 605 subbasins for analytical 
purposes, as shown on Map 12. Those catchment 
areas were aggregated into 23 hydrologic units. 

6Appendix B presents specific findings relative to the 
effect on flood stages of a constructed berm in the Elm 
Grove Vii/age Park. That situation was investigated at 
the request of the Vii/age of Elm Grove staff in 
response to citizen concerns. 



Map 12 

SUBBASINS WITHIN THE DOUSMAN DITCH AND 
UNDERWOOD CREEK SUBWATERSHEDS INTHE 

CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 

HYOROlOGIC UNIT BOI../NOARY 

SUBBAS IN BOUNOARY 

UNOER\\QOO CREEl( sueMTERSHED 
ANO SU88AS1N DESIGNATION 

DOUSMAN DITCH SUB"""'rERSHEO 
AND SUBBASIN OESIGNATlON 

THE STUOY ARe,., CONSISTS OF niE ENTIRE DOUSMAN DITCH 
SUB'r'.IATERSHED AND THE WAUKESHA COUNTY PORTION Of 
THE UNDER'o".OOD CREEK SUBWJl.TERSHEO 

t 
Source: SEWRPC. 
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The eXIstmg storm water drainage system in the 
portion of the City of Brookfield within the study area 
consists of a combination of: 1) roadside swales and 
open channels with associated culverts; 2) "ditch 
enclosures," consisting of roadside swales with 
underlying storm sewers; and 3) roadway curbs and 
gutters, storm sewer inlets, and storm sewers, together 
with the streams to which the outlets of the engineered 
and constructed system components discharge. The 
system in Elm Grove consists primarily of roadside 
swales and open channels with associated culverts. 
There are storm sewer systems and urban street cross 
sections in limited areas such as along W. Bluemound 
Road. The existing storm water drainage systems are 
described in more detail in Chapter II of this report. 

Hydraulic Capacities of Conveyance Systems 
and Comparison with Anticipated Storm Flows 
Peak rates and critical volumes of storm water runoff, 
as determined by the hydrologic and hydraulic 
characteristics of each subbasin, were estimated using 
the XP-SWMM computer simulation model described 
in Chapter III of this report. Where the capacities of 
conveyance facilities were exceeded, surface ponding, 
flooding, and surcharging of upstream or downstream 
drainage facilities may be expected to occur. 

Identified Problem Areas 
Map 7 in Chapter II shows the general locations of 
existing stormwater drainage and flooding problems 
within the subwatershed as identified by the City and 
Village based on historic observations. The hydro
logic and hydraulic analyses conducted for this study 
verified the existence of the most significant problems 
shown on that map and identified additional system 
components that have inadequate hydraulic capacity 
under existing and/or planned land use conditions. 

Major floods occurred along Underwood Creek on 
March 30, 1960; September 18, 1972; April 21, 1973; 
August 6, 1986; June 20-21, 1997; and August 6, 
1998.7 The June 20-21, 1997, and August 6, 1998, 
floods are described below. 

7The effects of the 1960, 1972, and 1973 floods 
along Underwood Creek in the City of Broolifield and 
the Village of Elm Grove are described in the Com
mission's 1976 Menomonee River watershed study. 
The 1986 event produced localized drainage and 
flooding problems in the City and the Village, but 
its most severe impact occurred to the east in 
Milwaukee County. 
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Flooding and Stormwater Drainage Problems 
Resultingfrom the Storm of June 20-21,1997 
The heavy thunderstorms of June 20-21, 1997, caused 
severe stormwater drainage and flooding problems in 
Milwaukee, Ozaukee, Washington, and Waukesha 
Counties. Analysis of rain gage data for numerous 
sites within the Region indicates that, over the 
Underwood Creek and Dousman Ditch subwater
sheds, the maximum 26-hour rainfall ranged from 
about five to six inches. The recorded rainfall total 
at the rain gage operated by the Milwaukee Metro
politan Sewerage District at the Elm Grove Village 
Hall was 5.97 inches in 26 hours. That rainfall total 
has a recurrence interval of about 170 years, while 
the most intense period of rainfall recorded at the 
Village Hall (5.01 inches in eight hours) has a 
recurrence interval of over 300 years. 

Because of the interaction of many complex processes 
in the conversion of rainfall to runoff and in the 
conveyance and storage of that runoff in a stream 
system, it is expected that the recurrence interval of 
the flood flows produced by a given storm would 
differ from the recurrence interval of the rainfall 
amounts associated with the flood flows. Based on 
the correlation between June 21, 1997, high water 
mark elevations surveyed by the Wisconsin Depart
ment of Natural Resources (WDNR) along Under
wood Creek at W. North Avenue and Wall Street, 
the peak recorded flow at U.S. Geological Survey 
(USGS) streamflow gage No. 04087088 located on 
Underwood Creek downstream from the study area 
at USH 45 in Wauwatosa, flood profiles computed by 
the Commission staff, observations by the Commis
sion staff during the flood, and observations of resi
dents and staff of the City and the Village, it is 
estimated that the June 21, 1997, flood on Underwood 
Creek within the study area had a recurrence interval 
of less than 100 years. 

As shown on Map 7, the major stormwater drainage 
and/or flooding problems· reported in the City of 
Brookfield portion of the study area on June 21 were 
in the vicinity of Lilly Road and W. North Avenue, 
including Adelaide, Eastwood, Oak Hill, and Tru 
Lanes and Carson Court; along San Juan Trail north 
ofW. Burleigh Road; at Brookfield East High School, 
located northwest of the intersection of Lilly Road and 
W. Burleigh Road; along Pomona Road and Clear
water Drive adjacent to, or within, the floodplain of 
Underwood Creek; along Hillsdale Drive, located 
northeast of the intersection of W. N orth Avenue and 



N. Calhoun Road; along Indianwood Drive near 
Onondoga Circle; and along Calhoun Road south of 
Burleigh Road. 

The major stormwater drainage and/or flooding 
problems reported in the Village of Elm Grove on 
June 21 were in the vicinity of Verdant Drive, west of 
Pilgrim Parkway; the Squires Grove Subdivision, 
including Briaridge Court, Hidden Glen Court, Red 
Fox Lane, and Terrace Drive; along Elmhurst 
Parkway and near the intersection of Elmhurst Park
way and Notre Dame Boulevard; along Dunwoody 
Drive, Lee Court, and Wrayburn Road between 
Hollyhock Lane and Fairhaven Boulevard; in the 
vicinity of Pilgrim Park Middle School and Victoria 
Circle North; southwest of the intersection of Cascade 
Drive and Pilgrim Parkway; at Rock Court and 
Woodlawn Circle, north of Juneau Boulevard; and 
along Pilgrim Parkway south of Gebhardt Road where 
the roadway flooded and was impassable at the 
intersection with Cascade Drive and at the north 
entrance drive to Pilgrim Park Middle School. 

Flooding of streets and buildings, primarily base
ments, was reported in the study area as a result of the 
June 20-21 storm. Several types of structure flooding 
occurred. One major source of basement flooding 
problems was surcharging of sanitary sewers and 
resultant backups into basements. Another source of 
basement flooding was sump pump failure due to 
electrical power outages. Those two problems are 
interrelated. If sump pumps cannot operate and the 
volume of clear water collected by a building's 
foundation drain system exceeds the capacity of the 
sump crock, water will overflow from the crock into 
the basement. That clear water may then flow into the 
basement floor drain, which is connected to the 
sanitary sewer. Excessive flows of such clear water 
into the sanitary sewers can quickly exceed the 
capacity of those relatively small-diameter sewers, 
leading to surcharging and backup of a combination of 
sanitary sewage and clear water into basements 
connected to the surcharged sewers. Additional 
sources of clear water inflow to sanitary sewers were 
through: 1) flooding of basements due to surface 
runoff, 2) excessive amounts of water collecting in 
streets or roadside swales and entering sanitary sewer 
manholes through unsealed lids and frames, 3) sani
tary sewer manhole lids which were disturbed, and 
4) missing caps on sanitary sewer lateral cleanouts 
located in roadside swales. It is also likely that 

increased infiltration of clear water occurred as a 
result of saturation of the ground adjacent to saDl
tary sewers. 

The City and the Village have completed a study of 
sanitary sewer backup problems associated with the 
Underwood sanitary trunk sewer (Underwood inter
ceptor) and have implemented a program to rehabili
tate trunk sewer manholes to reduce infiltration and 
inflow to the Underwood trunk sewer. That program 
included the installation of solid, gasketed lids on 
some manholes, raising manhole lids and frames 
above 100-year recurrence interval flood stages and 
adding berms around manholes that are located in 
identified floodplains, providing internal or external 
seals between manhole chimneys and frames, and 
grouting the interiors of manhole chimneys, where 
necessary. In addition, the City is conducting studies 
of critical areas of sanitary sewer backups along the 
local sanitary sewer system and in late 1997 it 
initiated a two-year program to investigate and study 
the potential for infiltration and inflow and backup 
problems throughout the entire sanitary sewer system 
of the City. 

This stormwater management plan does not directly 
address the issue of sanitary sewer backup, however, 
an important component of a strategy to alleviate 
such backup is the reduction of storm water drainage 
and flooding problems. The reduction of such prob
lems eliminates or reduces the magnitude of certain 
sources of inflow to sanitary sewers. Those inflow 
sources addressed by this plan include flooding of 
basements with clear water and excessive accumu
lation and ponding of storm runoff in streets and 
roadside swales. 

In identifying problems in the existing system, 
consideration was given to the potential impact of 
excessive amounts of runoff. In some cases, problems 
would not be anticipated, even though the capacity of . 
the system component would be exceeded. Examples 
of this are inundated areas that are, or would be, in 
open space use and in which no buildings, trans
portation facilities, or other damage-prone improve
ments would be affected; and areas where Standard 
No.3 of Objective No.1 in Chapter III, relating to 
acceptable levels of street flooding during a 10-year 
recurrence interval event, was satisfied. 
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Flooding and Stormwater Drainage Problems 
Resulting/rom the Storm 0/ August 6,1998 
The heavy thunderstorms of August 6, 1998, caused 
severe stormwater drainage and flooding problems in 
Milwaukee and Waukesha Counties. Analysis of rain 
gage data indicates that, over the Underwood Creek 
and Dousman Ditch subwatersheds, the maximum 
seven-hour rainfall ranged from about 8.28 inches at 
the MMSD rain gage at the Elm Grove Village Hall to 
about 11.8 inches near the intersection ofN. Calhoun 
Road and W. North Avenue. Those rainfall amounts 
have recurrence intervals in excess of 500 years and 
they were more severe than the rains that occurred in 
June 1997. 

Based on the correlation between August 6, 1998, 
high water mark elevations surveyed along Under
wood Creek and Dousman Ditch by the Regional 
Planning Commission staff and Ruekert & Mielke, 
Inc., the Elm Grove Village engineer; the peak 
recorded flow at the USGS streamflow gage on 
Underwood Creek in Wauwatosa; flood profiles 
computed by the Commission staff; observations by 
the Commission staff during the flood; and observa
tion of residents and staff of the City and the Village, 
it is estimated that the August 6, 1998, flood on 
Underwood Creek within the study area had a 
recurrence interval close to 500 years. 

The major storm water drainage and/or flooding 
problem areas reported in the portions of the City of 
Brookfield in the study area and in the Village of Elm 
Grove included those areas that experienced problems 
in June of 1997; however, the 1998 flooding was 
much more extensive, due to the concentration of 
heavier rains over the subwatersheds. It is estimated 
that as many as one-half of the properties in the 
Village of Elm Grove and approximately 550 
residences in the City of Brookfield received damages 
from the overflow of streams, storm water runoff, or 
sanitary sewer backup.8 

The Village of Elm Grove sent a questionnaire to each 
residence in the Village to gather information relative 
to the problems experienced as a result of the storm of 
August 6, 1998. Responses were received from 1,321 
residences, or approximately 60 percent of those in 

8The estimate of the number of affected residences in 
Broolifield is primarily based on a City survey of 
refuse placed at the curb immediately following the 
August 6, 1998 storm. 
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the Village. The responses to the survey are summar
ized graphically on Maps 13, 14, 15, 16, and 17, that 
were prepared by Ruekert & Mielke, Inc., the Village 
engineer. About 50 percent of the respondents 
reported experiencing basement flooding. About one
third of the respondents reported losing electrical 
power during the storm, with the majority of those 
losing power for more than three hours.9 About one
half of the respondents reported that their sump pump 
was operable when basement flooding occurred. 
About one-fourth of the respondents experienced 
clearwater overflow into the basement from the 
sump crock. That overflow may have been due to loss 
of power or inflow to the crock in excess of the 
capacity of the sump pump. About one-third of the 
respondents reported inflow through basement walls 
or floors and one-fifth reported inflow to the basement 
through window wells. One-fifth of the respondents 
reported experiencing sanitary sewer backup. The 
survey results illustrate that power failures and 
saturated ground conditions, as evidenced by sump 
crock overflow and leakage through basement walls 
or floors, were major sources of basement flooding 
problems. Sanitary sewer backup and surface water 
inflow through basement windows were also sig
nificant sources of flooding, although to a lesser 
degree than loss of power and saturated soils. 

The results of the survey indicate the need for a 
coordinated approach to the solution of flooding, 
drainage, and sanitary sewer backup problems. The 
storm water management and floodland management 
recommendations presented in this report are one 
component of such an approach. However, a com
prehensive solution to the problems will require 
additional actions, such as localized yard grading, 
redirection of downspouts, floodproofing measures at 
individual homes outside delineated floodplains, 
modifications to the sanitary sewer system, and the 
provision of reliable power sources, either through 
distribution system upgrades or individual residents 
obtaining backup generators. The upgrades to reduce 

9The area in the northwestern portion of the Vii/age 
of Elm Grove approximately bounded by Pilgrim 
Parkway, W North Avenue, Highland Drive, and 
Gebhardt Road experienced a loss of power that 
contributed to basement flooding. Widespread drain
age problems would not normally be expected to 
occur in that area. 



infiltration and inflow to the Underwood trunk sewer, 
which are described above, were completed prior to 
the August 1998 storm. The recurrence of sanitary 
sewer backups in 1998 indicates that there are 
significant additional sources of infiltration and inflow 
to the sanitary sewer system. 

Flooding of streets and basements were the predomi
nant types of flooding experienced in 1998, but 
significant first-floor flooding was also experienced 
at buildings along the entire reach of Underwood 
Creek in Elm Grove, in the Verdant Drive area in Elm 
Grove, at a house near the intersection of Clearwater 
Drive and Pomona Road, and at houses along the east 
side of San Juan Trail north of W. Burleigh Road in 
the City of Brookfield. Additional areas of flooding 
on August 6, 1998, that were not reported in June of 
1997 included the basement garages of two apartment 
buildings located east of Elm Grove Road along the 
Bishops Woods Tributary, the vicinity of Elmhurst 
Parkway and N. 124th Street, and the vicinity of the 
intersection of Greenway Terrace and Crestwood 
Court, all in the Village of Elm Grove, and overland 
flooding of an office building along Bishops Way in 
the Bishops Woods Office Park in the City of 
Brookfield. Due to the extreme and unprecedented 
intensity of the rainfall, scattered problems occurred 
in locations throughout the City and Village, even in 
upland areas. 

Several bridges along Underwood Creek sustained 
damage, including the Park and Shop enclosure, the 
Wall Street bridge, the downstream Canadian Pacific 
railway bridge, and the United Parcel Service entrance 
drive bridge, all in Elm Grove. A private bridge over 
Underwood Creek near Jodon Court in Brookfield 
was washed out. 

The Village of Elm Grove staff reported that the 
flooding also resulted in the deposition of sediment 
and debris in Underwood Creek at several locations. 
The Village removed obstructions where such 
removal could be accomplished without obtaining a 
permit from the State of Wisconsin under Chapter 30 
of the Wisconsin Statutes, and applications were made 
for permits from the State for the removal of 
accumulated sediment. 

Roadway and drainage improvements were under
taken by the City of Brookfield along Calhoun Road 
south of Burleigh Road following the June 1997 
flood. Those improvements included modification of 

the open channel on the east side of the road and 
raising the road grade. As a result, the roadway was 
not flooded on August 6, 1998. 

Underwood Creek Flooding Task Force 
In response to the significant flooding and drainage 
problems that occurred in 1997 and 1998, the City of 
Brookfield and the Village of Elm Grove formed a 
joint task force to address issues related to flooding, 
drainage, and sanitary sewer backup problems in the 
Underwood Creek and Dousman Ditch subwater
sheds. Each community appointed six residents to 
serve on the Task Force. A list of the Task Force 
members is set forth in Appendix C of this report. The 
City and Village staffs; the staff ofRuekert & Mielke, 
Inc., the Village engineer; and the Commission staff 
served as the primary technical resources for the Task 
Force. In addition, informational presentations were 
also made by the staffs of the Milwaukee Metro
politan Sewerage District and the Wisconsin Depart
ment of Natural Resources. The first Task Force 
meeting was held on November 2, 1998, and meetings 
were held about once a month thereafter. The Task 
Force developed a set of recommended policies to 
guide the City and Village in their efforts to resolve 
flooding, drainage, and sanitary sewer backup prob
lems in the subwatersheds. The Task Force repre
sentatives from each community also met separately 
on several occasions to consider problems more 
specifically related to their individual communities. 
Alternative flood land management plans No. 10 and 
11, as described in a subsequent section of this report, 
were developed at the request of the Task Force. 

DESCRIPTION AND EVALUATION 
OF ALTERNATIVE STORMWATER 
AND FLOODLAND 
MANAGEMENT APPROACHES 

Introduction 
To abate existing, as well as future, stormwater man
agement and flooding problems, several approaches 
were considered. These approaches were first evalu
ated on a conceptual basis, considering the technical 
feasibility, applicability, and advantages and dis
advantages of each approach. Elements of the most 
feasible approaches were then incorporated into 
systems-level alternative storm water and floodland 
management plans for the Underwood Creek and 
Dousman Ditch subwatersheds. 
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Map 13 

AUGUST 6, 1998: STORMWATER FLOODING AND SEWAGE BACKUP-VILLAGE OF ELM GROVE 

• QUESnONNAIRE RETURNED · NO PROBLEM REPORTED 
IN THE CATEGORIES LISTED BElQIN 

QUESTIONNAIRE RETURNED WITH REPORTED PROBLEMS 

STQRrvr. .... ATER FLOODING 

SEWAGE BACKUP 

STORMWATER FlOOOlNG 
AND SEWAGE BACKUP 

Source: Ruekert & Mielke, Inc. and SEWRPC. 
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Map 14 

AUGUST 6,1 998: WATER INTO BASEMENT AND PONDING NEXT TO FOUNDATION-VILLAGE OF ELM GROVE 

QUEsnONNAIRE RETURNED· NO PROBLEM REPORTED 
INTHE CATEGORIES LISTED BELaN 

QUESTIONNAIRE R!:TURNEO WITH REPOATED PROBLEMS 

• SEWAGE BACKED UP FROM BASEMENT FLOOR DRAIN AND 
WATER ENTERED BASEMENTTHRQUGHWINOOWWELLS 

• SEWAGE BACKED UP FROM BASEMENT FLOOR DRAIN ANO 
WATER ENTERED BASEMENTTHROUGH WlNOOWWELLS. 
WALLS.OR FLOOR. 

SEWAGE BACKED UP FADM BASEMENT FLOOR DRAIN AND 
WATER ENTERED BASEMENTTHRQUGHWINOOWWELLS, 
WAllS.OR FLOOA. AND STQRMWATER PONDED NEXTTO 
FOUNDATION 

• SEWAGE BACKED UP FADM BASEMENT FLOOR DRAIN AND 
WATER ENTERED BASEMENTTHAOUGHWALLS OR FLOOR 

II SeWAGE BACKED UP FROM BASEMENT FlOOR DRAIN, 
ANO STORMWATER PONDED NEXTTO FOUNDATION 

Source: Rueker( & Mielke, Inc. and SEWRPC. 

II 

Ii 

• 
• 
A 

• 

WATER ENTERED BASEMENTTHROUGHWINDOOWElLS 

WATER ENTERED BASEMENTTHROUGHWlNOO\r\lWELLS, WALLS, OR FLOOflS 

WATER ENTERED BASEMENTTHROUGHWlNDQIIo/WELLS, WALLS, Ofl 

FLOOR, AND STORMWATER PONDED NEXTTO FOUNDAnON 

WATER ENTERED BASEMENTTHROUGHWINDONWELLS, 
AND STORMWATER PONDED NEXTTO FOUNDATION 

WATER ENTERED BASEMENTTHRDUGH BASEMENT WALLS 
OR FLOOR 

WATER ENTERED BAsEMENTTl-lROUGH BASEMENTWALLs 
Ofl FLOOR AND STORMWATER PONDED NEXTTO 
FOUNDATION 

sTORMWATER PONDED NEXTTO FOUNDAnON 

9 1 



Map 15 

AUGUST 6,1 998: SUMP PUMP OPERATING AND SUMP PUMP OVERFLOW-VILLAGE OF ELM GROVE 

Pli GRIM 
PI1R/\ 

MrDDl[ 
SCI/GOt 

• 

aUeSTIONNAIRE RETURNED - NO PROBLEM REPORTED 
IN THE CATEGORIES LISTED BELOW 

aueSTIONNAIRE AETURNED'NlTH REPORTED PROBLEMS 

• SUMP PUMPWAS OPERATING 

• WATER OVERFLCM'EO OUT OF SUMP PUMP CROCK 

• SUMP PUMP WAS OPERATING ANDWATER 
OVERFLOWED OUT OF SUMP PUMP CROCK 

Source: Ruekert & Mielke, Inc. and SEWRPC. 
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Map 16 

AUGUST 6, 1998: POWER OUT AND BASEMENT FLOODING-VILLAGE OF ELM GROVE 

• 

• 
PA K .. 

sO/oat.. 

• 

aUEsnON RETURNED · NO PROBLEM REPORTED 
INTHE CATEGORIES LISTED BELOW 

QUESTIONNAIRE RETURNED WITH REPORTED PROBLEMS 

• LOST POWER 

• BASEMENT FLOODED 

• LOST POVv'ER AND BASEMENT FLOODED 

Source: Rueken & Mielke, Inc. and SEWRPC. 

AV' 
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Map 17 

AUGUST 6, 1998: NUMBER OF TIMES FLOODED-VILLAGE OF ELM GROVE 

• QUESTION RETURNED · NO PROBLEM REPORTED 
INTHE CATEGORIES LISTED SElD'N 

QUESTIONNAIRE RETURNED WITH REPORTED PROBLEMS 

~ FLOOCEO ONCE 

FLQOOEO'TW1CE 

.. FLQODEDTHREE OR MORETIMES 

Source: Ruekert & Mielke, Inc. and SEWRPC. 
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Alternative Stormwater and 
Floodland Management Approaches 
Alternative approaches to stormwater and flood land 
management that were considered include conven
tional conveyance, centralized detention, decen
tralized or onsite detention, "natural" systems, and 
nonstructural measures. Because the study area is 
almost fully developed, the character of the storm
water drainage system has largely been established. 
Thus, opportunities to significantly alter that system 
are somewhat limited. However, the existing system 
does include components characteristic of most of the 
alternative approaches described below. 

Storm Sewer Conveyance 
This conveyance approach would utilize storm sewers 
and turf-, grass-, or riprap-lined channels and related 
appurtenances to provide for the collection and rapid 
conveyance of stormwater runoff to the receiving 
streams within the urban service area. Nonpoint 
source pollution abatement measures can be adapted 
to this type of system. 

The major advantages of this type of system are the 
minimization of onsite inconvenience because the 
water is rapidly collected and conveyed downstream, 
and ready applicability to both existing and newly 
developing urban areas. Properly designed, con
structed, and maintained storm sewers present no 
hazard to the public health and safety; help to lower 
groundwater levels, thereby helping to stabilize 
pavements and other structures; help to maintain dry 
basements, minimizing the need for the energy 
inefficient operation of sump pumps; and minimize 
the infiltration and inflow of clear water into sanitary 
sewerage systems. 

The disadvantages of the conveyance approach, when 
applied in the absence of mitigating storage of runoff, 
are that downstream peak flows and stages may be 
increased, leading to a possible increase in areas of 
inundation and in the potential for stream bank ero
sion, streambed scour, and loss of habitat; stream 
baseflows may be reduced due to the loss of some 
storm water infiltration when open channels and 
grassed swales are replaced with storm sewers; there 
is little potential for multi-purpose uses of the system; 
and this approach usually has a high capital cost. 

Given the advantages of the conveyance approach, 
and because such a system is already in place over 
much of the study area, especially in the City of 
Brookfield, such an approach was considered in the 

development of the alternative storm water manage
ment plans. 

Roadside Swale Conveyance 
This conveyance approach would utilize roadside 
swales and grass-lined or natural channels to provide 
collection and conveyance of storm water runoff to 
receiving streams. The system provides control of 
nonpoint source pollution through infiltration and 
filtering in the swales. 

The major advantages of this type of system are 
relatively low capital cost, some reduction in peak 
flow rates and volumes during more frequent storms 
in comparison with storm sewer conveyance due to 
increased flow travel times, inline storage, and 
infiltration of runoff through the swale sides and 
bottom; 1 0 and maintenance of stream baseflow 
through infiltration of runoff. 

The disadvantages of this approach include potential 
safety hazards, relatively high maintenance costs, 
difficulties in adapting such a system to areas of 
medium- and high-density development where right
of-way is limited and driveway culverts are closely 
spaced, and the potential for groundwater contami
nation, particularly when used in industrial areas. 

At present, there is extensive application of roadside 
swale conveyance systems within the areas of existing 
low-density residential development within the sub
watersheds. The general policies of the City and the 
Village are to retain the existing roadside swales in 
areas of existing low-density development. Since 

10 Because most of the soils occurring in the 
subwatersheds are classified as poorly or very poorly 
drained, infiltration of stormwater runoff through the 
sides and bottom of grassed roadside swales is 
limited Based on hydrologic modeling conducted for 
the nearby Lilly Creek sub watershed, which has 
similar soil characteristics, roadside swale convey
ance would be expected to reduce peak flow rates or 
volumes by only 10 percent or less during large 
storms with recurrence intervals ranging from 10 to 
100 years. In general, this degree of peak flow 
reduction would not be sufficient to reduce the size of 
the conveyance and storage components of the storm
water management system. (,C)ee SEWRPC Community 
Assistance Planning Report No. 190, A Stormwater 
Management and Flood Control Plan for the Lilly 
Creek Subwatershed, February 1993.) 
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about 1963, the City has required urban street cross
sections with curb and gutter and storm sewers in 
areas of new development. Also, in certain problem 
areas, the City has constructed ditch enclosures to 
retrofit swales with underlying storm sewers such that 
runoff is collected in the swales and conveyed to the 
storm sewer inlets. Given the potential advantages of 
the roadside swale conveyance approach and its 
existing widespread application in the study area, it 
was considered in the development of the alternative 
storm water management plans, particularly in areas of 
existing low-density residential development. 

Centralized Detention 
A centralized detention approach would utilize major 
surface or subsurface detention facilities to provide 
temporary storage of stormwater runoff for subse
quent slow release to downstream channels or storm 
sewers. The centralized detention facilities would be 
located on a limited number of strategic sites to 
maximize benefits, yet not all areas would drain to a 
centralized facility. Nonpoint source pollution control 
can be provided through the inclusion of a permanent 
pond within the detention facility. 

The major advantages of a centralized detention 
approach are that, if properly applied, the facilities can 
limit the effects of urban development on discharges, 
areas of inundation, stream bank erosion, streambed 
scour, and aquatic habitat; a substantial amount of 
nonpoint source pollutants can be removed; the size 
and resultant cost of downstream conveyance facilities 
can be reduced and the need for upgrading existing 
facilities can sometimes be avoided; the facilities can 
be combined with recreation and open space areas to 
provide multi-purpose areas; and habitat can be 
provided for wildlife and waterfowl. 

The disadvantages of a centralized detention 
approach are that large, relatively level, open areas 
are usually required, thereby severely reducing the 
availability of potential sites in areas of existing 
development; the facility may not be cost-effective 
if the site costs cannot be offset by the savings of 
providing smaller conveyance facilities downstream; 
the operation and maintenance requirements may be 
substantial; for a permanent pool facility, the ponded 
water may be perceived as a public health and safety 
hazard; and odor and insect problems may be 
produced. While readily applicable as an integral 
part of large-scale urban development proposals, the 
approach is more difficult to apply to areas of existing 
urban development. 
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Within the study area, centralized detention facilities 
could be used to abate some of the existing and 
potential stormwater management problems, there
fore, the approach was considered in the development 
of the alternative storm water management and flood
land management plans. 

Onsite Detention 
Like centralized detention, onsite detention provides 
for the temporary storage of stormwater runoff, but 
the storage sites are located close to, or at, the source 
of runoff generation. Such facilities are generally 
implemented through local ordinances or guidelines 
that apply a "policy" approach whereby the provision 
of detention storage is arbitrarily required for each 
development. Onsite detention facilities are often 
required to provide a standard degree of control of 
runoff, for example, control of the peak tOO-year post
development rate of runoff to the peak two- or IO-year 
pre-development rate. Nonpoint source pollution 
control can be provided through the inclusion of a 
permanent pond within the detention facility. 

The advantages of the onsite detention approach 
may be similar to those of the centralized detention 
approach with regard to downstream water quality 
control and to the potential for reducing the size of 
conveyance systems located immediately downstream 
of the basin. Onsite facilities, however, have smaller 
unit site requirements than do centralized facilities, 
and therefore may be more readily applicable, 
although not totally without difficulty, in existing as 
well as newly developing urban areas. 

The disadvantages of the onsite detention approach 
are that maintenance requirements may be substantial; 
the ponded water in a detention pond may cause 
localized inconvenience and represent a health and 
safety hazard; odor and insect problems may be 
produced; the facilities may not be suitable for multi
purpose uses such as recreation and open space; 
and the costs may be high if not offset by smaller 
downstream conveyance systems. Also, because 
onsite facilities are often required based on the 
"policy" approach described above, the need for the 
facility is not logically determined. As a result, the 
degree of control is often established at a conserva
tively high level to avoid creating problems by 
increasing flood flows in receiving streams when 
basins are not judiciously located within a watershed. 
That overly conservative approach is generally not 
cost effective. 



Because of the relatively small potential for additional 
urban development in the study area and because 
of the lack of suitable sites for significant onsite 
detention in areas of existing development, the 
onsite detention approach is not likely to be highly 
effective in the overall study area. Since it has the 
potential to abate existing and potential storm water 
runoff problems in certain localized areas, the 
onsite detention approach was considered in the 
development of the alternative storm water manage
ment plans. However, this option was not considered 
where more effective and efficient centralized storage 
sites were available. 

Natural System 
The natural, or "blue-green" stormwater manage
ment system consists of vegetation-lined channels, 
preferably natural or "free-form," and interconnected, 
natural surface depressions, and wetlands. Such a 
system provides for the temporary storage and 
conveyance of storm water runoff in the vegetation
lined channels and associated depression and wet
land areas, which slow the runoff and allow ponding 
and infiltration. The drainage system of an area may 
consist almost entirely of "blue-green" channels, or it 
may be supplemented by other management measures 
including storm sewers. 

The advantages of the natural system approach are 
that downstream peak flows may be reduced; pollu
tants in storm runoff may be removed by filtration 
through the soil and vegetation, by biological uptake, 
and by sedimentation; the "free-form" open channels 
and related drainage areas can serve as part of park 
and open space sites following the multi-use concept; 
habitat areas for wildlife and waterfowl can be 
maintained or enhanced; construction costs may be 
lower than those of systems relying more heavily on 
constructed facilities; and the aesthetic qualities of a 
natural drainage system may be particularly attractive 
to some citizens. 

The disadvantages of the natural system approach are 
that it may make it difficult to develop an open
channel system which can effectively accommodate 
the high peak flows generated from medium- to high
density urban areas served by storm sewers; the 
flowing channels may be perceived as a safety hazard; 
the channels are difficult to properly clean and 

maintain; and some citizens and local public officials 
may oppose open-channel flow in urban areas. 

Within the study area there are extensive natural 
system components, including channels and wetlands, 
which serve to abate storm water runoff problems. 
Although there may be some citizen opposition to the 
short-term standing and flowing water, and to the 
more extensive land areas required, the maintenance 
and use of the existing natural system features were 
considered in the development of each of the 
alternative storm water management and floodland 
management plans. 

Nonstructural Measures for 
Control of Stormwater Runoff and Floods 
The nonstructural approach to the control of 
stormwater runoff and flooding primarily involves 
reducing damages from unusually high storm water 
runoff and inundation rather than controlling the 
runoff rates or inundation levels themselves. Non
structural measures include, structure floodproofing 
or elevation, relocation of structures, land use regu
lations, and open space and flood land preservation. 

The advantages of the non structural approach are 
that the measures are suitable for use in existing 
urban areas, the measures are highly flexible and 
adaptable to different situations, the cost of many 
non structural measures is relatively low, the measures 
can often be used to create needed park and open 
space, and there are few hazards associated with 
non structural measures. 

The disadvantages of the nonstructural approach are 
that downstream water quantity may not be controlled 
to the same degree as with structural measures; many 
stormwater problems, such as street flooding, are not 
abated; condemnation of private property may be 
necessary; and full implementation of such measures 
may be difficult. 

Because of their adaptability and potential for cost 
savings, non structural measures were considered in 
the development of the alternative storm water man
agement plans. 
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DESCRIPTION AND EVALUATION 
OF ALTERNATIVE FLOODLAND 
MANAGEMENT PLANS FOR THE 
MAIN STEMS OF DOUSMAN DITCH 
AND UNDERWOOD CREEK 

Introduction 
Alternative flood control plans for the main stems 
of Dousman Ditch and Underwood Creek were 
originally developed under the Commission's 1976 
Menomonee River watershed study. The recom
mended plan which was selected from the alternative 
plans called for the construction of a large detention 
storage facility along Dousman Ditch in the City of 
Brookfield and floodproofing, elevation, and removal 
of buildings along Underwood Creek. Refinements 
to that plan were made under a 1979 Dousman 
Ditch detention basin study prepared by Donohue & 
Associates, Inc.11 and the Commission's 1990 storm
water drainage and flood control system plan prepared 
for the Milwaukee Metropolitan Sewerage District. 
The detention storage alternatives are consistent with 
the recommendations of the Brookfield park and open 
space plan which calls for the detention basin site to 
be purchased by the City and to be preserved in open 
space use. 

Summary of Flood Control Alternatives 
Considered under Past Studies 
Menomonee River Watershed Study 
The following is a general summary of the various 
flood control alternatives that were considered for 
Underwood Creek under the 1976 Commission 
Menomonee River watershed study. Two classes of 
alternatives were investigated: 1) those which most 
completely address the flooding problem and 2) those 
which partially address the flooding problem. 

These alternatives are presented to provide a historical 
perspective on the flood control planning process for 
the subwatersheds and to indicate the broad range of 

11Donohue & Associates, Inc., Consulting Engineers, 
Dousman Ditch Detention Basin Study, prepared for 
the City of Broolifield and the Village of Elm Grove, 
May 25,1979. 
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solutions that has been investigated. The alternative 
plans described below were considered by the 
Menomonee River Watershed Committee, which 
included representatives from the City, the Village, 
and the Wisconsin Department of Natural Resources, 
and a recommended plan was selected by that 
committee. The Village of Elm Grove expressed its 
formal opposition to channel modification during the 
committee deliberations. That position was reflected 
by the final recommended plan which called for 
detention storage along Dousman Ditch and for 
structure floodproofing and removal along Under
wood Creek. Subsequent to the adoption of the 
watershed study, additional flood control and flood
land management planning for the Dousman Ditch 
and Underwood Creek subwatersheds has refined the 
recommended plan set forth in the watershed study. 

During the more than 20-year period since adoption 
of the watershed study, Federal and State flood
land management policies have evolved. Federal 
policy encourages, and in some cases may provide 
funding for, nonstructural floodland management 
methods, including structure floodproofing, elevation, 
or removal. State policy discourages the implemen
tation of channel modification projects which result 
in significant disturbance and alteration of .stream 
channels 12 and encourages non structural floodland 
management and stormwater management measures. 
Thus, some of the alternatives explored under the 
watershed study are no longer considered to be 
desirable from a regulatory standpoint. However, 
the recommended plan developed under the water
shed study is consistent with current Federal and 
State policies. 

Menomonee River Watershed Plan Alternatives Which 
Most Completely Address the Flooding Problem 

• Floodproofing and Removal of Structures
Remove 36 structures and floodproof 268 in the 

12r;rT' . D if " lsconsm epartment 0 Natural Resources, 
"Guidance on Department Regulation of Stream 
Channelization Projects for Urban Flood Control, " 
memorandum from Department Secretary C.D. 
Besadny, November 23,1987. 



primary and secondary flooding zones.13 The 
estimated capital cost of this alternative, 
updated to 1998 dollars is $8,000,000. 

• Major Channel Modification, Structure Flood
proofing, and Bridge Replacement-Construct a 
5.4-mile-Iong concrete-lined trapezoidal chan
nel and lower the streambed from 1.5 to eight 
feet. The modified channel would have a 20-
foot-wide bottom and side slopes of one vertical 
on three horizontal. Bridges or culverts would 
be replaced at the upstream Canadian Pacific 
Railway culvert in Brookfield near Indian Creek 
Parkway, W. North Avenue, Marcella Drive, the 
Village Hall access road, Juneau Boulevard, the 
middle Canadian Pacific Railway bridge, one 
private bridge, Watertown Plank Road, and the 
downstream Canadian Pacific Railway bridge. 
The existing channel enclosure south of Water
town Plank Road would be replaced with an 
open channel section. The downstream 0.75 
mile of Underwood Creek would be realigned 
along the railway embankment. Two structures 
in Brookfield would be removed and 44 would 
be floodproofed. The estimated capital cost of 
this alternative, updated to 1998 dollars is 
$13,000,000. 

• Dikes, Floodwalls, Structure Floodproofing, and 
Bridge Replacement-Construct 3.8 miles of 

l3The Menomonee River watershed study addressed 
both primary overland flooding and possible second
ary flooding of buildings due to infiltration of water 
into basements and also to sanitary sewer backup. 
The City and Village are currently pursuing programs 
to address sanitary sewer backup problems as 
distinguished from overland flooding problems. Thus, 
the stormwater management and floodland manage
ment measures considered under the Dousman Ditch 
and Underwood Creek stormwater and flood land 
management plan do not address sanitary sewer 
backup directly, although the potential connection 
between overland flooding and infiltration and 
inflow to sanitary sewers is recognized. Because the 
stormwater plan does not consider secondary flood
ing and because of improvements to the hydrologic 
and hydraulic models used for floodplain delineation 
since the time of the watershed identified under this 
storm water plan cannot be directly compared to those 
developed under the watershed study. 

dikes and 1.7 miles of concrete or steel sheet 
floodwalls along both sides of Underwood 
Creek in much of the reach extending from 
Willaura Court in Brookfield to the eastern 
corporate limits of Elm Grove. Barrier heights 
would range from two to 11 feet. Six replace
ment public bridges, eight replacement private 
bridges, and 11 major storm water pumping 
stations would be constructed. Those bridges 
would be designed to enable road closure during 
a flood. The upstream Canadian Pacific Railway 
bridge in Brookfield would be replaced. Flood
proofing would be required for seven structures 
in the secondary flooding zone in Brookfield. 
The estimated capital cost of this alternative, 
updated to 1998 dollars is $16,000,000. 

• Storage, Major and Intermediate Channel Modi
fication, Structure Floodproofing and Removal, 
and Bridge Replacement-A 215-acre-foot 
detention basin would be constructed along 
Dousman Ditch in Brookfield -along with 
appurtenant storm water pumping facilities. 
There would be major channel modification 
with a concrete lining along the 0.91-mile
reach extending from the Milwaukee-Waukesha 
County line to Juneau Boulevard. A two-foot
high drop structure would be constructed in the 
stream channel at Juneau Boulevard. Bridges 
would be replaced at the upstream Canadian 
Pacific Railway crossing in Brookfield, Juneau 
Boulevard, the middle Canadian Pacific Rail
way bridge, one private bridge, Watertown 
Plank Road, and the downstream Canadian 
Pacific Railway bridge. The existing channel 
enclosure south of Watertown Plank Road 
would be replaced with an open channel section. 
Upstream of Juneau Boulevard, 1.14 miles of 
turf-lined channel with a 10-year flood capacity 
would be constructed; necessary alterations 
would be made to hydraulic structures 
accommodate the channel modifications; 170 
structures would be floodproofed; and seven 
structures would be removed. The estimated 
capital cost of this alternative, updated to 1998 
dollars is $16,000,000. 

• Detention Storage, Bridge Replacement, Struc
ture Floodproofing, Elevation, and Removal-A 
215-acre-foot detention storage facility would 
be constructed along Dousman Ditch in Brook-
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field along with appurtenant storm water pump
ing facilities. The upstream Canadian Pacific 
Railway bridge in Brookfield near Indian Creek 
Parkway would be replaced. Eight houses 
would be moved or removed and 229 houses 
and 23 commercial structures would be flood
proofed.14 This alternative was recommended 
for implementation by the Menomonee River 
Watershed Committee. 

Menomonee River Watershed Plan Alternatives Which 
Partially Address the Flooding Problem 

• Bridge and Culvert Alteration or Replace
ment-Replace the following six bridges along 
Underwood Creek which were found to create 
backwater of more than one foot under the 
watershed study: 

Santa Maria Court, Indian Creek Parkway, 
two private bridges in Elm Grove, the 
downstream Canadian Pacific Railway 
bridge, and the Marcella Avenue bridge. 
The net effect was to lower 100-year flood 
stage by only one foot in Elm Grove and to 
provide a flood stage reduction in only a 
very short reach of stream in Brookfield. 
The potential flood stage reductions were 
not large enough to offer significant abate
ment of flood damages. 

• Minor Channelization---Clear obstructions 
along with minor deepening and shaping in the 
1.92-mile-Iong reach of Underwood Creek from 
Juneau Boulevard in Elm Grove to Clearwater 
Road in Brookfield. This would result in a 
negligible reduction in the 100-year flood stage 
and no significant flood damage reduction. 

l4An estimated capital cost of this alternative in 1998 
dollars is not provided because this alternative 
has been significantly refined since the watershed 
study was prepared and several different configura
tions of this alternative were considered in developing 
the recommendations for the Dousman Ditch and 
Underwood Creek stormwater management plan 
presented herein. 
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1990 Milwaukee Metropolitan Sewerage 
District Stormwater Drainage and Flood 
Control System Plan Recommendation 

• Detention Storage with Structure Floodproofing 
and Elevation---Construct one 50-acre-foot 
detention basin and one 280-acre-foot detention 
basin in Brookfield along Dousman Ditch, 
floodproof 38 structures; and elevate three 
structures.15 This plan recommendation reflects 
an update of the 1979 City of Brookfield study. 

Current Alternative Floodland Management Plans 
Developed under the StormwaterManagement 
Plan for Dousman Ditch and Underwood Creek 
Summary of Potential Flood Damages 
The hydrologic and hydraulic analyses performed for 
the study presented herein identified a total of 51 
buildings, including 34 residential, 17 industrial or 
commercial buildings, which would lie in the 100-
year recurrence interval floodplain under planned 
land use and existing channel conditions. Table 23 
indicates the number of buildings located in the 
floodplain in Brookfield and Elm Grove and the 
estimated flood damages under various flood condi
tions.16 The total damages due to direct overland 
flooding to those buildings under 100-year recurrence 
interval flood conditions may be expected to 
approxi~nate $2,075,000 and the average annual flood 
damages may be expected to approximate $135,000. 

Eleven alternative floodland management plans were 
evaluated for the abatement of overland flooding 
damages from storms with recurrence intervals up to 
and including a 100-year recurrence interval event 

l5Consistent with the approach of the Underwood 
Creek and Dousman Ditch stormwater management 
plan, this plan only addresses buildings that would 
potentially be affected by primary overland flooding, 
as opposed to secondary flooding. 

l6As additional data became available during review 
of the alternative plans by the Underwood Creek 
Flooding Task Force, refinements were made to the 
total number of buildings in the 1 DO-year recurrence 
interval floodplain and to the dollar amount of 
potential flood damages. The information presented 
here was used for comparison of alternative plans. 
The final data on the number of flooded buildings and 
damage amounts is presented in Chapter VI, "Recom
mended Stormwater Management System Plan. " 



Table 23 

POTENTIAL FLOODING ALONG UNDERWOOD CREEK IN THE CITY OF BROOKFIELD 
AND THE VILLAGE OF ELM GROVE: PLANNED LAND USE, EXISTING CHANNEL CONDITIONSa 

100-Year Recurrence Interval Flood Percent 

Number of Buildings Flooded 
of Total 

Average Average 
Total Annual Annual 

Location Houses Commercial Total Damages Damages Damages 

City of Brookfield ............... 8 1 9 $ 135,000 $ 5,000 7 
Village of Elm Grove ........... 25b 16 41 1,940,000 130,000 93 

Total 33 17 50 $2,075,000 $135,000 100 

aAs additional data became available during review of the alternative plans by the Underwood Creek Flooding Task 
Force, including the acquisition of new large-scale topographic maps, refinements were made to the total number of 
buildings in the 1 ~O-year floodplain. The information presented in this table was used for comparison of alternative 
plans. The final data on the number of flooded buildings is presented in Chapter VI, "Recommended Stormwater and 
Floodland Management System Plan. ,. 

b'nc'udes four apartment buildings. 

Source: SEWRPC. 

under planned land use conditions. Those alternative 
floodland management plans include: 1) Structure 
Floodproofing, Elevation, and Removal; 2) Acqui
sition and Removal of Floodprone Structures; 3) 
Limited Detention Storage with Structure Floodproof
ing, Elevation, and Removal; 4) Detention Storage 
with Excavation Minimized, No Wetland Disturbance, 
and Structure Floodproofing, Elevation, and Removal; 
5) Expanded Detention Storage with Excavation 
Minimized and Structure Floodproofing, Elevation, 
and Removal; 6) Expanded Detention Storage with 
Excavation Maximized and Structure Floodproofing, 
Elevation, and Removal; 7) Expanded Two-Basin 
Detention Storage with Excavation Minimized and 
Structure Floodproofing, Elevation, and Removal; 8) 
Expanded Two-Basin Detention Storage with Excava
tion Maximized and Structure Floodproofing, Eleva
tion, and Removal; 9) Two-Basin Detention Storage 
with Excavation Minimized, No Wetland Disturbance, 
and Structure Floodproofing and Elevation; 10) 
Limited Dousman Ditch Detention Storage, Maximum 
On-Line Storage, Bridge and Culvert Modification, 
and Structure Floodproofing, Elevation, and Removal; 
and 11) Limited Dousman Ditch Detention Storage, 
Underwood Creek Overflow Channel and Diversion, 
and Compensating Storage with Structure Floodproof
ing and Removal. The detention storage called for 
under nine of the 11 alternative plans would be 
provided within the primary environmental corridor 

along the upper reach of Dousman Ditch in the area 
west of Pilgrim Parkway and north of Wisconsin 
Avenue extended.17 The alternative plans provide 

17Three additional sites in the Underwood Creek 
subwatershed were considered for the provision of 
centralized detention storage for floodland man
agement purposes. The staff of the City of Brook
field asked that consideration be given to providing 
detention storage along the North Branch of Under
wood Creek. The North Branch of Underwood Creek 
was rejected as a centralized detention storage site for 
the following reasons: 1) there is a substantial amount 
of existing natural flood storage in the floodplain 
wetlands along the North Branch of Underwood 
Creek and it is unlikely that the available storage 
could be significantly enhanced through construction 
of a detention facility and 2) the construction of such 
a facility in the wetlands would be difficult to justify 
according to the requirements of Chapter NR 103 of 
the Wisconsin Administrative Code, "Water Quality 
Standards for Wetlands." The Sileno quarry, which 
is located east of the North Branch of Underwood 
Creek, was also investigated as a detention storage 
site. Development of that site for detention storage 
would be expensive and hydrologic modeling indi-

(Footnote - continued on page 102) 
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abatement of flood damages along Underwood Creek, 
where all of the primary flood damages due to direct 
overland flooding would be expected to occur. 

Flood flows used in the alternatives analysis were 
simulated using the U.S. Environmental Protection 
Agency (USEPA) Hydrological Simulation Program
Fortran (HSPF) model.18 The HSPF model simulates 
streamflow and stage on a continuous basis using 
recorded climatological data as input. The model was 
run for the 49-year period from January 1940 through 
September 1988. The annual flood peaks computed 
for the 49-year period were then input to the U.S. 
Army Corps of Engineers HEC-FFA flood frequency 
analysis program to determine flood frequencies 

(Footnote 17 - continuedfrom page 101) 

cated that it would not be highly effective in reducing 
downstream flood flows in areas of significant 
structure flooding damages. The third potential deten
tion storage site that was considered is along 
Underwood Creek in the Elm Grove Vii/age Park 
That site was suggested by local residents and mem
bers of the Underwood Creek Task Force. There is 
a substantial amount of existing natural flood storage 
in the floodplain within the Vii/age Park and that 
storage is effective in reducing peak flood flows. The 
available storage could be enhanced, but such 
enhancement could compromise the Park's primary 
function as an active recreational facility and could 
require obtaining Federal and State permits for 
activities in wetlands. The creation of additional 
storage in the Park was examined under Alternative 
Plan Nos. 10 and 11. Those plans, which are 
described below, call for measures that would. 
increase the hydraulic capacity along Underwood 
Creek in the Vii/age of Elm Grove. The creation of 
additional floodwater storage is required to offset 
increases in flood flows that would be anticipated as a 
result of measures to increase the hydraulic capacity. 

l8The USEPA HSPF (Hydrologic Simulation Pro
gram-Fortran) model developed under this study is 
an updated version of the Hydrocomp HSPX model 
originally developed for the Menomonee River 
watershed study as documented in SEWRPC Planning 
Report No. 26 and refined under the drainage and 
flood control study for the MMSD as documented in 
SEWRPC Community Assistance Planning Report 
No. 152. 
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using the log-Pearson Type III method, consistent 
with the procedures of U.S. Water Resources Council 
Bulletin 17-B. Flood profiles for the two-, 10-, 25-, 
50-, and 100-year recurrence interval floods occurring 
under planned land use and alternative channel 
conditions were computed using the U.S. Army Corps 
of Engineers HEC-RAS River Analysis System 
computer program.19 

Because none of the plans completely eliminates 
street flooding during a 100-year flood, some residual 
damages due to street flooding would occur with each 
alternative. Such damages could include disruption of 
transportation, damage to pavement, erosion damage 
to road shoulders, and potential inflow to sanitary 
sewers in the absence of separate remedial measures 
to seal sanitary sewers. Somewhat different levels 
of such damage would be possible under each 
alternative since some alternatives provide greater 
reductions in flood stages than others. The storm water 
management component of this plan addresses street 
flooding outside of the 100-year floodplains of 
Dousman Ditch and Underwood Creek and, as noted 
previously, the City and Village are pursuing pro
grams to reduce infiltration and inflow to the sanitary 
sewer system. 

Since the Bluemound Road-Wisconsin Avenue Devel
opment Corridor Land-Use Study was prepared in 
1986-1987, the City of Brookfield has planned for 
development in the corridor, assuming that develop
ment could occur within a zone extending 500 feet 
north of the planned extension of Wisconsin Avenue 
between Calhoun Road and Pilgrim Parkway. With 
the exception of Alternative Plan Nos. 1 and 2, each 
of the alternative plans is inherently consistent with 
the development of the 500-foot zone. Under Alter
native Plan Nos. 1 and 2 it would be necessary for 
individual developments within the 500-foot zone to 
provide compensatory floodplain storage to offset any 
filling in the floodplain. Separate analyses of the 
potential duration and frequency of flooding on the 
proposed Bluemound Road Golf Range site, which is 
located within the limits of the alternative detention 
basins, are described in Appendix D. 

19The base HEC-RAS model was developed under 
the ongoing floodplain mapping update program 
which the Commission is conducting for the City of 
Brookfield and the Vii/age of Elm Grove. 



One potential component of each of the alternatives 
which call for the construction of a detention storage 
facility is an 19-acre, 87-acre-foot wet detention basin 
for the control of nonpoint source pollution. That 
detention basin is an integral part of the non point 
source pollution control plan recommended in 
Chapter IV of this report. However, the flood land 
management portion of each alternative basin con
figuration could be constructed without construction 
of the permanent pond for control of nonpoint source 
pollution. Thus, for purposes of direct comparison of 
flood land management alternatives, only the alterna
tive plan costs related to the necessary floodland 
management components are presented below in the 
alternative plan descriptions. Map 18 shows the land 
areas tributary to the detention basin under each 
alternative configuration. 

In general, the detention basin alternatives may 
present opportunities for wetland creation within the 
primary environmental corridor along the upper reach 
of Dousman Ditch. Several of those alternatives 
would involve no direct disturbance of wetlands and 
several would involve relatively minor, localized 
disturbance. However, each of the detention basin 
alternatives could result in a gain in wetland area 
within the project boundaries. 

The Underwood sanitary trunk sewer is located along 
the general alignment of Underwood Creek and 
Dousman Ditch in Brookfield and Elm Grove. The 
detention basin configurations for Alternative Plan 
Nos. 3 through 11 as described below all call for a 
detention basin with a permanent pond to be located 
above the trunk sewer in the upper reach of Dousman 
Ditch. In all cases, the basin could be constructed in a 
manner that would maintain adequate cover. over the 
trunk sewer. The elevation of the permanent pond in 
the detention basin would be at the estimated 
approximate existing groundwater elevation of 824 
feet above National Geodetic Vertical Datum, 1929 
adjustment (NGVD29). Thus, it would not be 
expected that the amount of infiltration or inflow to 
the trunk sewer during normal low flow conditions 
would be changed with the detention basin in place. 
Under flood conditions, raising or sealing of manholes 
may be required to reduce inflow to the trunk sewer. 

Selected characteristics and the cost of each 
alternative plan are provided in Table 24. Because the 
additional cost of the permanent pond varies slightly 
when that pond is added to the floodland management 

alternatives, Table 24 includes costs for each flood
land management alternative, with and without the 
addition of the permanent pond. 

Alternative Floodland Management Plan No. 1-
Structure Floodproojing, Elevation, and Removal 
As shown on Map 19, the first alternative plan 
considered calls for the floodproofing of five single
family residential buildings in Brookfield and 18 in 
Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and three in Elm 
Grove, the floodproofing of four apartment buildings 
in Elm Grove, the floodproofing of one commercial 
building in Brookfield and 15 in Elm Grove, and 
acquisition and removal of one single-family resi
dence in Brookfield 20 

This alternative plan also calls for raising about 400 
feet of Pilgrim Parkway south of Gebhardt Road an 
average of about 1.3 feet to avoid inundation of the 
roadway during a 100-year flood. The grade raises 
would be located near the intersection with Cascade 
Drive and at the north entrance drive to Pilgrim Park 
Middle School. In order to provide adequate major 
drainage system hydraulic capacity following the road 
grade raise, the existing 24-inch-diameter corrugated 
metal pipe (CMP) culverts under Pilgrim Parkway at 
Cascade Drive would each be replaced. The northern 
CMP culvert would be replaced with a 50-foot-long, 
27-inch-diameter reinforced concrete pipe (RCP) 
culvert and the southern CMP culvert would be 
replaced with a 53-foot-long, 18-inch-diameter RCP 
culvert. The existing 27-inch-high by 43-inch-wide 
corrugated metal pipe arch (CMPA) culvert under 
Pilgrim Parkway at the northern entrance to Pilgrim 
Park Middle School would be replaced with a 60-foot
long, 24-inch-high by 38-inch-wide reinforced con
crete horizontal elliptical (HE) pipe culvert. 

2°This residence was located at 13830 Adelaide Lane. 
Following the flood of June 21, 1997, the City of 
Brookfield applied for, and received, Federal Emer
gency Management Agency Flood Hazard Mitigation 
Grant Program (FEMA FHMGP) funds for the 
acquisition of this property. It was purchased by the 
City uSingfundsfrom the FEMA FHMGP (75 percent 
of the cost), from the State of Wisconsin (12.5 percent 
of the cost), and from the City (12.5 percent of the 
cost). Work on the house removal project was 
completed in May of 1999. 
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Map 18 

AREAS TRIBUTARY TO WET DETENTION BASIN ALONG DOUSMAN DITCH 

AREA TRIBUTARY ro II\'E1 DETENnON BASIN UNDER 
All LHNI,IIVl: PLANS NUMBERED 3 ~ 9 10 I,NO I' 

AREA TRIBUTARY TO WFl OETENTION BASIN UNDER 
ALTERNATIVE PLANS NUMBERED 5 6 7 AND 8 

THF srurw ARfACONSISTS Of THE E'NTIRF OOU$MAN DITCH 
SIIBWATERSHEOA"O THE WAUKESHA COUNTY PORTION OF 
THE Ur<; DER\'.{)ODCREEK SUEiVH.TERSHEO 

Source: SEWRPC. 
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Map 19 

ALTERNATIVE FLOODLAND MANAGEMENT PLAN NO.1 
STRUCTURE FLOODPROOFING, ELEVATION, AND REMOVAL 

• 
• 
• 
• 

BUILDING PROPOSEOTO BE FLOODPRQQFED 

BUILDING PROPOSEDTO BE FLOODPROOFED OR ELEVATED 

BU ILDING PROPOSED TO BE REMOVED 

BUILDING NEAR EDGE OF FLOODPLAIN. FLOODPAOOFING MAY 
NOT BE REQUIRED 
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Alternative 

NO.1-Structure 
Floodproofing, 
Elevation, and 
Removal 

No.2-Acquisition 
and Removal of 
Floodprone 
Structures 

No.3-Limited 
Detention 
Storage with 
Structure 
Floodproofing, 
Elevation, and 
Removal 

Table 24 

PRINCIPAL FEATURES AND COSTS OF ALTERNATIVE FLOODLAND MANAGEMENT AND ASSOCIATED NONPOINT SOURCE POLLUTION 
CONTROL PLANS FOR UNDERWOOD CREEK IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 

Water Quantity Control Costs Water Quality Control Costsa 

Water 
Quantity 

Annual Average Benefit- Annual and Quality 
AmortizEd Operation and Annual Cost AmortizEd Operation and Total Avera~ 

Description Capital Capital Maintenance Total Benefits Ratio Description Capital Capital Maintenance Total Annual Cost 

Floodproof five houses in 280,000 
Brookfield and 18 in 
Elm Grove 

Floodproof four apartment 100,000 
buildings in Elm Grove 

Floodproof one commercial 1,000,000 
building in Brookfield and 
15 in Elm Grove 

Acquire and remove one 230,000 
house in Brookfield 

Elevate two houses in 300,000 
Brookfield and three in 
Elm Grove 

Pilgrim Parkway road 55,000 
grade raise and 
associated culverts 

Total 1,965,000 125,000 125,000 $135,000 1.08 125,000 

Remove eight houses in 7,210,000 
Brookfield and 21 in 
Elm Grove 

Remove four apartment 1,750,000 
buildings in Elm Grove 

Remove one commercial 10,970,000 
building in Brookfield and 
15 in Elm Grove 

Pilgrim Parkway road 55,000 
grade raise and 
associated culverts 

Total $19,985,000 $1,269,000 $1,269,000 $135,000 0.11 $1,269,000 

Detention basin 1,870,000 19-acre, 87- $1.910,000 

Land acquiSition 350,000 
acre-foot 
detention basin 

Floodproof five houses in 180,000 Access roads! 120,000 
Brookfield and lOin baffles 
Elm Grove 

Water 
Quantity 

and Quality 
Total Capital 

Cost 

1,965,000 

$19,985,000 
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Alternative 

No.3 (continued) 

No.4-Detention 
Storage with 
Excavation Mini-
mized, No Wet-
land Disturbance, 
and Structure 
Floodproofing, 
Elevation, and 
Removal 

No.5-Expanded 
Detention 
Storage with 
Excavation 
Minimized and 
Structure Flood-
proofing, Eleva-
tion, and 
Removal 

Description 

Floodproof four apartment 
buildings in Elm Grove 

Floodproof one commercial 
building in Brookfield and 
15 in Elm Grove 

Elevate two houses in 
Brookfield and three in 
Elm Grove 

Acquire and remove one 
house in Brookfield 

Pilgrim Parkway road 
grade raise and 
associated culverts 

Total 

Dike and sPillway 

Detention basin 

Access roads/baffles 

Land acquiSition 

Easements 

Floodproof five houses in 
Brookfield and 11 in Elm 
Grove 

Floodproof four apartment 
buildings in Elm Grove 

Floodproof one commercial 
building in Brookfield and 
14 in Elm Grove 

Elevate two houses in 
Brookfield and one in 
Elm Grove 

Acquire and remove one 
house in Brookfield 

Pilgrim Parkway road 
grade raise and 
associated culverts 

Total 

Dike and spillway 

Detention basin 

Access roads/baffles 

Pilgrim Parkway road 
grade raise and 
associated culverts 

Land acquisition 

Water Quantity Control Costs 

Annual 
Amortiztd Operation and 

Capital Capital Maintenance 

$ 100,000 -- --

980,000 -- --

300,000 -- --

230,000 -- --

50,000 -- --

$ 4,060,oood $ 258,000 --e $ 

$ 2,720,000 -- --
1,920,000 -- --

230,000 -- --
350,000 -- --

100,000 -- --

200,000 -- --

100,000 -- --

950,000 -- --

180,000 -- --

230,000 -- --

50,000 -- --

$ 7,030,ooog $ 446,000 $10,000 $ 

$ 2,480,000 -- --
2,000,000 -- --

340,000 -- --
270,000 -- --

350,000 -- --

Table 24 (continued) 

Water Quality Control Costsa 

Water Water 
Quantity Quantity 

Average Benefit- Annual and Quality and Quality 
Annual Cost Amortiztd Operation and Total Averaf!{J Total Capital 

Total Benefits Ratio Description Capital Capital Maintenance Total Annual Cost Cost 

-- -- -- Open channel to $ 100,000 -- -- -- -- --
convey runoff 
to pond 

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

258,000 $135,000 0.52 Total $2,130,000f $135,000 $9,000 $144,000 $ 402,000 $ 6,190,000 

-- -- -- 19-acre, 87-acre- $1,910,000 -- -- -- -- --
-- -- -- foot detention -- -- -- -- -- --

basin 

-- -- -- Open channel to 100,000 -- -- -- -- --
convey runoff -- -- -- -- -- -- -- -- --
to pond 

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

-- -- -- -- -- -- -- -- -- --

456,000 $135,000 0.30 Total $2,010,oooh $128,000 $9,000 $137,000 $ 593,000 $ 9,040,000 

-- -- -- 19-acre, 87- $1,910,000 -- -- -- -- --
-- -- -- acre-foot -- -- -- -- -- --

detention basin 

-- -- -- Open channel to 150,000 -- -- -- -- --
convey runoff -- -- -- -- -- -- -- -- --
to pond 

-- -- -- -- -- -- -- -- -- --



Table 24 (continued) 

0 
00 Water Quantity Control Costs Water Quality Control Costsa 

Water Water 
Quantity Quantity 

Annual Average Benefit- Annual and Quality and Quality 

Amortiztd Operation and Annual Cost AmortiZtd Operation and Total Avera~ Total Capital 

Alternative Description Capital Capital Maintenance Total Benefits Ratio Description Capital Capital Maintenance Total Annual Cost Cost 

No. 5 Icontinued) Easements 100,000 

Floodproof five houses in 200,000 
Brookfield and 11 in 
Elm Grove 

Floodproof four apartment 100,000 
buildings in Elm Grove 

Floodproof one commercial 890,000 
building in Brookfield 
and 13 in Elm Grove 

Elevate two houses in 180,000 
Brookfield and one in 
Elm Grove 

Acquire and remove one 230,000 
house in Brookfield 

Total 7,14O,oooi 453,000 $11,000 464,000 $135,000 0.29 Total $2,060,oooi $131,000 $9,000 $140,000 604,000 9,200,000 

No.6-Expanded Dike and spillway 2,130,000 19-acre, 87-acre- $1,910,000 

Detention Detention basin 4,lBO,000 foot detention 

Storage with basin 

Excavation Access roads/baffles 250,000 
Maximized and 

Pilgrim Parkway road 200,000 
Structure Flood-
proofing, Eleva- grade raise and 

tion, and associated culverts 

Removal Land acquisition 350,000 

Floodproof five houses in 200,000 
Brookfield and 11 in 
Elm Grove 

Floodproof four apartment 100,000 
buildings in Elm Grove 

Floodproof one commercial 890,000 
building in Brookfield and 
13 in Elm Grove 

Elevate two houses In 180,000 
Brookfield and one in 
Elm Grove 

Acquire and remove one 230,000 
house in Brookfield 

Total 8,710,oook 553,000 $10,000 563,000 $135,000 0.24 Total .1,910,0001 .121,000 $9,000 $130,000 693,000 $10,620,000 

No.7-Expanded South Basin 19-acre, 87-

Two-Basin Dike and spillway 2,480,000 
acre-foot 

Detention detention basin 

Storage with Detention basin 2,000,000 Open channel to 150,000 
Excavation Mini-
mized and Access roads/baffles 340,000 convey runoff 

to pond 
Structure 
Floodproofing, 

Pilgrim Parkway road 230,000 

Elevation, and 
grade raise 

Removal Land acquisition 350,000 

Easements 100,000 

Subtotal 5,500,000 



Alternative 

No 7 (continued) 

No. B-Expanded 
Two-Basin 
Detention Stor
age with Excava
tion Maximized 
and Structure 
Floodproofing, 
Elevation, and 
Removal 

o 
CD 

Description 

North Basin 

Dike and spillway 

Land acquisition 

Pilgrim Parkway road 
grade raise and 
associated culverts 

Subtotal 

Floodproofing, Elevation, 
and Removal 

Floodproof four houses 
in Brookfield and 11 in 
Elm Grove 

Floodproof four apart-
ment buildings in 
Elm Grove 

Floodproof one commer
cial building in Brook
field and 13 in 
Elm Grove 

Elevate two houses in 
Brookfield and one in 
Elm Grove 

Acquire and remove one 
house in Brookfield 

Subtotal 

Total 

South Basin 

Dike and spillway 

Detention basin 

Access roads/baffles 

Pilgrim Parkway road 
grade raise 

Land acquisition 

Subtotal 

North Basin 

Dike and spillway 

Land acquisition 

Pilgrim Parkway road 
grade raise and 
associated culverts 

Subtotal 

Capital 

1,170,000 

30,000 

20,000 

$ 1,220,000 

190,000 

100,000 

B90,000 

1 BO,ooo 

230,000 

1,590,000 

Water Quantity Control Costs 

Amortizgd 
Capital 

Annual 
Operation and 
Maintenance 

B,310,ooom $ 528,000 $14,000 

2,130,000 

4,1 BO,ooo 

240,000 

160,000 

350,000 

7,060,000 

1.170,000 

30,000 

20,000 

$ 1,220,000 

Table 24 (continued) 

Total 

Average 
Annual 
Benefits 

542,000 $135,000 

Benefit
Cost 
Ratio 

0.25 

Water Quality Control Costsa 

Description Capital 

Total $2,060,oooi 

19-acre, B7- $1,910,000 
acre-foot 
detention basin 

Amortizgd 
Capital 

$131,000 

Annual 
Operation and 
Maintenance 

$9,000 

Total 

$140,000 

Water 
Quantity 

and Quality 
Total Avera~ 
Annual Cost 

682,000 

Water 
Quantity 

and Quality 
Total Capital 

Cost 

$10,370,000 



o 

Alternative 

No.8 (continued) 

No. 9-Two-Basin 
Detention Stor
age with Excava
tion Minimized, 
No Wetland 
Disturbance, and 
Structure Flood
proofing and 
Elevation 

Description 

Floodproofing, Elevation, 
and Removal 

Floodproof four houses 
in 8rookfield and 11 in 
Elm Grove 

Floodproof four apart-
ment buildings in 
Elm Grove 

Floodproof one commer
cial building in Brook
field and 13 in 
Elm Grove 

Elevate two houses in 
Brookfield and one in 
Elm Grove 

Acquire and remove one 
house in Brookfield 

Subtotal 

Total 

South Basin 

Dike and spillway 

Detention basin 

Access roads/baffles 

Land acquisition 

Easements 

Subtotal 

North Basin 

Dike and spillway 

Land acquisition 

Easements 

Pilgrim Parkway road 
grade raise and i 

associated culverts 

Subtotal 

Floodproofing and 
Elevation 

Floodproof one house in 
Brookfield and 11 in 
Elm Grove 

Floodproof four apart-
ment buildings in 
Elm Grove 

Capital 

190,000 

100,000 

890,000 

180,000 

230,000 

1.590,000 

Water Quantity Control Costs 

AmortiZEd 
Capital 

Annual 
Operation and 
Maintenance 

9,870,ooon 627,000 $13,000 

2,770,000 

1,920,000 

230,000 

350,000 

100,000 

5,370,000 

130,000 

100,000 

90,000 

55,000 

375,000 

150,000 

100,000 

Table 24 (continued) 

Total 

Average 
Annual 
Benefits 

640,000 $135,000 

Benefit
Cost 
Ratio 

0.21 

Description 

Total 

19-acre, B7-
acre-foot 
detention basin 

Open channel to 
convey runoff 
to pond 

Water Quality Control Costsa 

Capital 

$1,910,0001 

$1,910,000 

100,000 

AmortiZEd 
Capital 

$121,000 

Annual 
Operation and 
Maintenance 

$9,000 

Total 

$130,000 

Water 
Quantity 

and Quality 
Total Avera~ 
Annual Cost 

770,000 

Water 
Quantity 

and Quality 
Total Capital 

Cost 

$11,7BO,000 



Table 24 (continued) 

Water Quantity Control Costs Water Quality Control Costsa 

Water Water 
Quantity Quantity 

Annual Average Benefit- Annual and Quality and Quality 

Amortizr,d Operation and Annual Cost Amortizr,d Operation and Total Avera%, Total Capital 

Alternative Description Capital Capital Maintenance Total Benefits Ratio Description Capital Capital Maintenance Total Annual Cost Cost 

No.9 (continuedl Floodproofing, Elevation, 
and Removal (continued) 

Floodproof one commer- $ 880,000 -- -- -- -- -- -- -- -- -- -- -- --
cial building in Brook-
field and 13 in 
Elm Grove 

Elevate two houses in 180,000 -- -- -- -- -- -- -- -- -- -- -- --
Brookfield and one in 
Elm Grove 

Subtotal $ 1,310,000 -- -- -- -- -- -- -- -- -- -- -- --
Total $ 7,055,0000 $ 448,000 $11,000 $ 459,000 $135,000 0.29 Total $2,010,oooh $128,000 $9,000 $137,000 $ 596,000 $ 9,065,000 

No. 10-Limited Detention basin $ 1,870,000 -- -- -- -- -- 19-acre, 87- $1,910,000 -- -- -- -- --
Dousman Ditch Land acquisition 350,000 -- -- -- -- -- acre-foot -- -- -- -- -- --
Detention detention basin 
Storage, Bridge Remove and replace Wall 810,000 -- -- -- -- -- Access roadsl 120,000 -- -- -- -- --
and Culvert Street and Canadian baffles 
Modification, and Pacific railway bridges 
Maximum On-Line 
Storage with Install parallel reinforced 1,850,000 -- -- -- -- -- Open channel to 100,000 -- -- -- -- --
Structure Flood- concrete box culverts at convey runoff 

proofing, the Park and Shop, to pond 

Elevation, and Watertown Plank Road, 

Removal and the private bridge 
upstream of Watertown 
Plank Road 

Remove private bridge 5,000 -- -- -- -- -- -- -- -- -- -- -- --
downstream from Wall 
Street 

Provide excavated storage 3,595,000 -- -- -- -- -- -- -- -- -- -- -- --
in the Village Park 

Provide excavated storage 185,000 -- -- -- -- -- -- -- -- -- -- -- --
along Underwood Park-
way in Wauwatosa 

Floodproof five houses in 170,000 -- -- -- -- -- -- -- -- -- - - -- --
Brookfield and nine in 
Elm Grove 

Floodproof four apartment 105,000 -- -- -- -- -- -- -- -- -- -- -- --
buildings in Elm Grove 

Floodproof one 560,000 -- -- -- -- -- -- -- -- -- -- - - --
commercial building in 
Brookfield and lOin 
Elm Grove 

Elevate two houses in 120,000 -- -- -- -- -- -- -- -- -- -- -- --
Brookfield 

Acquire and remove one 230,000 -- -- -- -- -- -- -- -- -- -- -- --
house in Brookfield 

Pilgrim Parkway road 50,000 -- -- -- -- -- -- -- -- -- -- -- --
grade raise and 
associated culverts 

Total $ 9,9oo,oooP $ 629,000 $ 2,000 $ 631,000 $135,000 0.21 Total $2,130,ooof $135,000 $9,000 $144,000 $ 775,000 $12,030,000 



Table 24 (continued) 

N Water Quantity Control Costs Water Quality Control Costsa 

Water Water 
Quantity Quantity 

Annual Average Benefit- Annual and Quality and Quality 
Amortiz6d Operation and Annual Cost Amortiz6d Operation and Total Avera~ Total Capital 

Alternative Description Capital Capital Maintenance Total Benefits Ratio Description Capital Capital Maintenance Total Annual Cost Cost 

No. ll-Limited Detention basin $ 1,870,000 -- -- -- -- -- 19-acre, 87-acre- $1,910,000 -- -- -- -- --
Dousman Ditch Land acquisition 350,000 -- -- -- -- foot detention -- --
Detention 

-- basin -- -- -- --
Storage, Under- Construct 4,1 oo-foot- 1,400,000 -- -- -- -- -- Access roadsl 120,000 -- -- -- -- --
wood Creek long, grass lined baffles 
Overflow Channel overflow channel 
and Diversion, 
and Compen- Install three parallel 31- 85,000 -- -- -- -- -- Open channel to 100,000 -- -- -- -- --
sating Storage foot-long, four-foot-high convey runoff 

with Structure by 10-foot-wide rein- to pond 

Floodproofing and forced concrete box 
Removal culverts in the overflow 

channel at Marcella 
Avenue 

Install two parallel 28- 140,000 -- -- -- -- -- -- -- -- -- -- -- --
foot-long, five-foot-high 
by 10-foot-wide rein-
forced concrete box 
culverts in the overflow 
channel at the Village 
Hall Drive 

Install 5.4OO-foot-long, 9,300,000 -- -- -- -- -- -- -- -- -- -- -- --
double six-foot-high by 
seven-foot-wide rein-
forced concrete box 
diversion culverts q 

Easements for diversion 100,000 -- -- -- -- -- -- -- -- -- -- -- --
Provide 35 acre-feet of 1,500,000 -- -- -- -- -- -- -- -- -- -- -- --

excavated storage in the 
Village Park 

Provide 14 acre-feet of 640,000 -- -- -- -- -- -- -- -- -- -- -- --
excavated storage along 
Underwood Creek in 
Brookfield upstream of 
W. North Avenue 

Purchase six houses in 900,000 -- -- -- -- -- -- -- -- -- -- -- --
Brookfield for con-
struction of storage area 
upstream of W. North 
Avenue 

Purchase and remove one 230,000 -- -- -- -- -- -- -- -- -- -- -- --
house in Brookfield 

Floodproof two houses in 45,000 -- -- -- -- -- -- -- -- -- -- -- --
Brookfield and two in 
Elm Grove 

Floodprool three apart- 10,000 -- -- -- -- -- -- -- -- -- -- -- --
ment buildings in Elm 
Grover 

Floodproof one commer- 320,000 -- -- -- -- -- -- -- -- -- -- -- --
cial building in Brook-
field and el[lht in 
Elm Grove 

Pilgrim Parkway road $ 50,000 -- -- -- -- -- -- -- -- -- -- -- --
grade raise and 
associated culverts 

Total $16,94O,000t,u $1,076,000 $36,000 .1,112,000 $135,000 0.12 Total $2,130,0001 .135,000 $9,000 $144,000 $1,256,000 $ 1 9,070,000 

- - - - -



Table 24 (continued) 

NOTE: Costs are based upon 1998 Engineering News Record Construction Cost Index = 6,740. 

alf during the facilities design phase, it is determined that an impervious liner is required for the wet detention basin, the water quality control cost of Alternative Nos. 3 through g would be increased by about $600,000. 

b Amortized capital cost is based on an interest rate of 6 percent and a project life of 50 years. 

cWet detention basin not included under this alternative plan. 

dThe estimated lower limit total cost for this alternative is $3,240,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. If the buildings 
to be flood proofed were purchased and demolished, the cost of this alternative plan would increase by about $15,960,000. 

eOperation and maintenance cost assigned to water quality element of the plan. 

f The estimated lower limit total cost for this alternative is $920,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. 

gThe estimated lower limit total cost for this alternative is $4,920,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. The lower 
limit cost is also based on the assumption that only five feet of subsurface excavation and backfill, rather than 10 feet, would be needed beneath the dike. 

hThe estimated lower limit total cost for this alternative is $800,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or. peat for landscaping and would be hauled from the site free of charge. 

iThe estimated lower limit total cost for this alternative is $5,160,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. The lower 
limit cost is also based on the assumption that only five feet of subsurface excavation and backfill, rather than 10 feet, would be needed beneath the dike. 

jThe estimated lower limit total cost for this alternative is 1860,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. 

kThe estimated lower limit total cost for this alternative is 15,880,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. The lower 
limit cost is also based on the assumption that only flve feet of subsurface excavation and backfill, rather than 10 feet, would be needed beneath the dike. 

IThe estimated lower limit total cost for this alternative is 1700,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. 

m The estimated lower limit total cost for this alternative is $5,810,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. The lower 
limit cost is also based on the assumption that only five feet of subsurface excavation and backfill, rather than 10 feet, would be needed beneath the dike. 

nThe estimated lower limit total cost for this alternative is 16,520,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. The lower 
limit cost is also based on the assumption that only five feet of subsurface excavation and backfill, rather than 10 feet, would be needed beneath the dike. 

°The estimated lower limit total cost for this alternative is $4,885,000. That cost is based on an optimistic assumption that the excavated sOl7 could be used as tops0l7 and/or peat for landscaping and would be hauled from the site free of charge. The lower 
limit cost is also based on the assumption that only five feet of subsurface excavation and backfill, rather than 10 feet, would be needed beneath the dike. 

PThe estimated lower Omit total cost for this alternative is 19,080,000. That cost is based on an optimistic assumption that the excavated soil could be used as tops0l7 and/or peat for landscaping and would be hauled from the site free of charge. If the buildings 
to be flood proofed were purchased and demolished, the cost of this alternative plan would increase by about 112,645,000. 

qThe overflow channel would be located on existing outlots and in the Village park. Thus, no costs were assigned to obtaining easements for the channel. 

rThree additional apartment buildings in Elm Grove would be on the edge of the IDO-year floodplain, but floodproofing would probably not be required. 

sThree additional commercial buildings in Elm Grove would be on the edge of the l00-year floodplain, but floodproofing would probably not be required. 

t The estimated lower Omit cost for this alternative is 1/5,920,000. That cost is based on an optimistic assumption that the excavated soil could be used as topsoil and/or peat for landscaping and would be hauled from the site free of charge. 

ulf the buildings to be floodproofed were purchased and demolished, the cost of this alternative plan would increase by about 18,345,000. 

Source: SEWRPC. 



As is the case with Alternative Plan No.1, because 
planned land use, existing channel condition 100-year 
flood flows would not be reduced through the 
provision of additional flood storage under this 
alternative, those portions of the planned 500-foot 
development zone north of the planned extension of 
Wisconsin Avenue that are within the 100-year 
floodplain could not be developed unless compensa
tory storage were provided to offset the storage lost 
due to filling. 

As set forth in detail' in Appendix D, under this 
alternative plan, the frequency and duration of flood
ing of the proposed Bluemound Road Golf Range site 
would not be affected because no changes would be 
made to the Dousman Ditch channel. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would not be eliminated because no change to flood 
flows or stages would result from implementation of 
this alternative. 

As set forth in Table 24, the total capital cost of 
the structure floodproofing and elevation alternative 
is estimated to be $1,965,000. This cost includes 
$280,000 for floodproofing 23 single-family resi
dential buildings; $100,000 for floodproofing four 
apartment buildings; $1,000,000 for floodproofing 16 
commercial buildings; $300,000 for elevation of five 
single-family residential buildings; $230,000 for the 
acquisition and removal of one single-family resi
dence; and $55,000 for raising the grade of Pilgrim 
Parkway and installing larger culverts under the 
roadway. Utilizing an annual interest rate of 6 percent 
and a project life and amortization period of 50 
years, the average annual cost of the alternative plan 
is estimated at $125,000. The average annual flood 
damage abatement benefit is estimated to be 
$135,000, yielding a benefit-cost ratio of 1.08. 

Alternative Floodland Management Plan No. 2-
Acquisition and Removal of Structures 
The second alternative plan considered calls for the 
purchase and removal of 16 commercial buildings; 
four apartment buildings; and 29 single-family 
residences which are located in the 100-year recur
rence interval floodplain under planned land use and 
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existing channel conditions, and which would be 
expected to incur flood damage. 

This alternative plan also calls for raising about 400 
feet of Pilgrim Parkway south of Gebhardt Road an 
average of about 1.3 feet to avoid inundation ,of the 
roadway during a 100-year flood. The grade raises 
would be located near the intersection with Cascade 
Drive and at the north entrance drive to Pilgrim Park 

Middle School. In order to provide adequate major 
system hydraulic capacity, the existing northern 24-
inch-diameter CMP culvert under Pilgrim Parkway at 
Cascade Drive would be replaced with a 50-foot-long, 
27-inch-diameter RCP culvert and the southern CMP 
culvert would be replaced with a 53-foot-long, 18-
inch-diameter RCP culvert. The existing 27-inch-high 
by 43-inch-wide CMPA culvert under Pilgrim Park
way at the northern entrance to Pilgrim Park Middle 
School would be replaced with a 6O-foot-long, 24-
inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert. 

As is the case with Alternative Plan No.1, because 
planned land use, existing channel condition 100-year 
flood flows would not be reduced through the provi
sion of additional flood storage under this alternative, 
those portions of the planned 500-foot development 
zone north of the planned extension of Wisconsin 
Avenue that are within the 100-year floodplain could 
not be developed unless compensatory storage were 
provided to offset the storage lost due to filling. 

As set forth in detail in Appendix D, under this 
alternative plan, the frequency and duration of 
flooding of the proposed Bluemound Road Golf 
Range site would not be affected because no changes 
would be made to the Dousman Ditch channel. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to, and including, the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would not be eliminated because no change to flood 
flows or stages would result from implementation of 
this alternative. 

As set forth in Table 24, the total capital cost of the 
acquisition and removal alternative is estimated to be 
$19,985,000. This includes acquisition and removal 
costs of $10,970,000 for the 16 commercial buildings; 
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$1,750,000 for the four apartment buildings; 
$7,210,000 for the 29 single-family residences; and 
$55,000 for raising the grade of Pilgrim Parkway 
and installing larger culverts under the roadway?' 
Utilizing an annual interest rate of 6 percent and a 
project life and amortization period of 50 years, the 
average annual cost of the alternative plan is estimated 
at $1,269,000. The average annual flood damage 
abatement benefit is estimated to be $135,000, 
yielding a benefit-cost ratio of 0.11. 

Alternative Floodland Management Plan No. 3-
Limited Detention Storage with Structure 
Floodprooflng, Elevation, and Removal 
The third alternative plan considered calls for the 
provision of a net total of approximately 23 acre-feet 
of flood storage along Dousman Ditch upstream of the 
proposed detention basin outlet. 22 As shown on 
Map 20, the excavated flood storage would be pro
vided above the permanent pond of the wet detention 
basin and additional storage would be available within 
the 100-year floodplain outside of the proposed 500-
foot Wisconsin Avenue development zone. The 
excavated storage would be sufficient to offset lost 
storage due to development within that zone and also 
to provide some reduction in downstream flood flows, 
stages, and damages. The project would require the 
acquisition of about 115 acres of land. 

2' The acquisition and removal cost for single-family 
residential buildings was calculated as the sum of the 
structure and site acquisition costs, based on the fair 
market values obtained from tax records, and a fu:ed 
cost of $40,000 which includes the costs of utility 
disconnection, demolition of structures, site restora
tion, occupant relocation, title transfers, property 
surveys, and property taxes. The cost for industrial, 
commercial, and government buildings, was calcu
lated in a similar manner except that a fu:ed cost of 
$70,000 per building was used. The cost computation 
for apartments used afu:ed cost of$10, 000 and a cost 
equal to 10 percent of the building fair market value 
for demolition and miscellaneous expenses. 

22The total volume of soil excavated to construct the 
basin would be about 60 acre-feet, but the net volume 
of additional storage provided during a 100-year 
flood would be 23 acre-feet since the 100-year 
flood stage would be reduced in, and upstream from, 
the basin. 

The 100-year flood stage along Dousman Ditch 
upstream of the detention basin outlet structure would 
be reduced from 0.4 to 1.9 feet compared to the 
existing 100-year flood stage.23 Along Dousman 
Ditch, between the basin outlet and Gebhardt Road, 
the 100-year flood stage would be decreased by about 
0.1 foot. That reduction would marginally improve 
drainage of adjacent developed lands in the City of 
Brookfield and the Village of Elm Grove, including 
Indianwood and Onondaga area where significant 
stormwater drainage problems exist. 

Outflow from the detention basin would be controlled 
by a v-notch weir to produce longer residence times 
for settling of nonpoint source pollutants during 
relatively low flow conditions, but under flood 
conditions outflow from the basin would be controlled 
by the hydraulic capacity of the channel and 
overbanks of Dousman Ditch. 

This alternative plan calls for raising about 360 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.9 foot to avoid inundation of the roadway 
during a toO-year flood. The grade raises would be 
located near the intersection with Cascade Drive and 
at the north entrance drive to Pilgrim Park Middle 
School. In order to provide adequate major system 
hydraulic capacity, the existing northern 24-inch
diameter CMP culvert under Pilgrim Parkway at 
Cascade Drive would be replaced with a 50-foot
long, 27-inch-diameter RCP culvert and the southern 
CMP culvert would be replaced with a 53-foot-Iong, 
18-inch-diameter RCP culvert. The existing 27-inch
high by 43-inch-wide CMPA culvert under Pilgrim 
Parkway at the northern entrance to Pilgrim Park 
Middle School would be replaced with a 60-foot-long, 
24-inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert. 

23The reported potential flood stage changes for the 
alternatives presented in this chapter of the report are 
referenced to the most recent 100-year recurrence 
interval flood profiles computed for Dousman Ditch 
by the Regional Planning Commission staff under the 
floodplain updating program undertaken by the City 
of Brookfield and the Village of Elm Grove .. 
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The plan also calls for the floodproofing of five 
single-family residential buildings in Brookfield and 
lOin Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and three in Elm 
Grove, the floodproofing of four apartment buildings 
in Elm Grove, the floodproofing of one commercial 
building in Brookfield and 15 in Elm Grove, and the 
acquisition and removal of one single-family resi
dence in the City of Brookfield. 

As described in Appendix D, under this alternative 
plan, the frequency and duration of flooding of the 
proposed Bluemound Road Golf Range site would be 
reduced in comparison with both existing conditions 
and conditions under the other alternative plans. 
Interruptions in the use of the range due to flooding 
would be infrequent. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by imple
mentation of this plan in the absence of other 
measures directed toward reduction of infiltration and 
inflow to sanitary sewers. 

As set forth in Table 24, the total capital cost of 
the water quantity control portion of the limited 
detention storage alternative is estimated to be 
$4,060,000. This cost includes $1,870,000 for con
struction of the water quantity control portion of 
the detention basin; $350,000 for land acquisition; 
$1,790,000 for structure floodproofing, elevation, and 
removal; and $50,000 for raising the grade of Pilgrim 
Parkway and installing larger culverts under the 
roadway. Assuming an annual interest rate of 6 per
cent and a project life and amortization period of 
50 years, the average annual cost of the alternative 
plan is $258,000.24 The average annual flood damage 
abatement benefit is estimated to be $135,000, yield
ing a benefit-cost ratio of 0.52. 

24Annual operation and maintenance costs are 
assigned to the water quality control element of the 
storm water plan. 

Alternative Floodland Management Plan No. 4-
Detention Storage with Excavation Minimized, 
No Wetland Disturbance, and Structure 
Floodproofing, Elevation, and Removal 
Similar to Alternative Plan No.3, this alternative plan 
calls for 60 acre-feet of excavation along Dousman 
Ditch above the permanent pond of the wet detention 
basin. As shown on Map 21, additional storage 
would be provided within the 100-year floodplain 
outside of the proposed 500-foot Wisconsin Avenue 
development zone. That storage would be attained 
through the construction of a dike with a length of 
~bout 4,200 feet. The total amount of storage provided 
during a 100-year flood would be about 310 acre-feet. 
The net increase in storage relative to existing 
conditions would be about 115 acre-feet, which would 
be sufficient to offset lost storage due to develop
ment within the 500-foot zone and also to pro
vide reductions in downstream flood flows, stages, 
and damages. 

The 100-year recurrence interval flood stage upstream 
of the detention basin outlet would be at approxi
mate elevation 830.0 feet above NGVD29. That stage 
elevation represents an increase of from 0.0 to 2.4 feet 
in the flood stage compared to the existing 100-year 
flood stage. Easements for the flood stage increases 
would be required from affected property owners in 
the Clearwater Lakes condominium development and 
at five lots in the Sanctuary Subdivision. In addition, 
the project would include acquisition of about 115 
acres of land. Easements would not be required at 
the lots along the south side of Leon Terrace in the 
north central portion of the detention basin because a 
low dike would be constructed in that area outside of 
the lots. While easements might technically be 
required from the property owners in the 500-foot 
development zone north of the proposed Wisconsin 
Avenue extension, such easements should be routinely 
granted at no cost to the detention basin project during 
the development approval process. 

The dike would have side slopes of one vertical on 
three horizontal, a 10-foot top width, and a crest 
elevation of 833 feet above NGVD29, providing three 
feet of freeboard during the 100-year flood. Because 
of the potentially unsuitable peat and muck soils 
located along the proposed dike alignment and 
throughout the area proposed for the detention basin, 
it was assumed that the dike foundation would be 
excavated to sound soil and the trench would be 
backfilled with structural fill. The dike would be 
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ALTERNATIVE PLAN NO. 4 
DETENTION STORAGE WITH EXCAVATION MINIMIZED, AND NO WETLAND DISTURBANCE 
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located completely outside the wetlands in the vicinity 
of the project, as shown on Map 21. A culvert with a 
backwater gate would be installed in the north-south 
ditch that conveys runoff from a portion of the 
residential area located north of the detention basin. 

Approximately 2,800 lineal feet of sanitary sewer 
access roads and/or wet detention basin flow baffles 
would be provided, as shown on Map 21. Those 
roadslbaffles would have the same cross-section as 
the dike, but subsurface excavation and backfilling 
to stabilize the foundation would not be required 
since the roadslbaffles would not be water-retaining 
structures and they would be used relatively infre
quently. Sanitary sewer manholes for the Underwood 
trunk sewer and affected tributary sewers would be 
raised to the access road height of elevation 833 feet 
above NGVD29. 

The detention basin would have a v-notch weir outlet 
with an 18-inch-diameter RCP discharge pipe. A 
concrete- or riprap-lined emergency spillway would 
be constructed to convey flows during floods with 
recurrence intervals greater than 1 00 years. 

This alternative plan calls for raising about 310 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.9 foot to avoid inundation of the roadway 
during a 100-year flood. The grade raises would be 
located near the intersection with Cascade Drive and 
at the north entrance drive to Pilgrim Park Middle 
School. In order to provide adequate major system 
hydraulic capacity, the existing northern 24-inch
diameter CMP culvert under Pilgrim Parkway at 
Cascade Drive would be replaced with a 50-foot-Iong, 
27-inch-diameter RCP culvert and the southern CMP 
culvert would be replaced with a 53-foot-Iong, 18-
inch-diameter RCP culvert. The existing 27-inch-high 
by 43-inch-wide CMPA culvert under Pilgrim Park
way at the northern entrance to Pilgrim Park Middle 
School would be replaced with a 60-foot-long, 24-
inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert. 

The plan also calls for the floodproofing of five 
single-family residential buildings in Brookfield and 
11 in Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and one in Elm 
Grove, the floodproofing of four apartment buildings 
in Elm Grove, the floodproofing of one commercial 
building in Brookfield and 14 in Elm Grove, and 
the acquisition and removal of one single-family 
residence in Brookfield. 

As described in detail in Appendix D, under this 
alternative plan, the frequency and duration of 
flooding of the proposed Bluemound Road Golf 
Range site would be increased in comparison with 
existing conditions. Interruptions in the use of the 
range due to flooding above elevation 727.6 feet 
above NGVD29 for a duration of one day or more 
could be expected about once every 20 months. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by implemen
tation of this plan in the absence of other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers. 

As set forth in Table 24, the total capital cost of the 
water quantity control portion of the minimal exca
vation detention storage alternative is estimated to 
be $7,030,000. This cost includes $2,720,000 for 
construction of the dike and spillway; $1,920,000 for 
construction of the water quantity control portion of 
the detention basin; $230,000 for access roadslbaffles; 
$350,000 for land acquisition, $100,000 for ease
ments; $1,660,000 for structure floodproofing, eleva
tion, and removal; and $50,000 for raising the grade 
of Pilgrim Parkway and installing larger culverts 
under the roadway. Assuming an annual interest rate 
of 6 percent and a project life and amortization period 
of 50 years, the average annual cost of the alternative 
plan, including $10,000 in annual operation and 
maintenance costs is $456,000. The average annual 
flood damage abatement benefit is estimated to be 
$135,000, yielding a benefit-cost ratio of 0.30. 

Alternative Floodland Management Plan No. 5-
Expanded Detention Storage with 
Excavation Minimized and Structure 
Floodproojing, Elevation, and Removal 
Similar to Alternative Plan Nos. 3 and 4, this 
alternative calls for the provision of approximately 60 
acre-feet of excavation along Dousman Ditch above 
the permanent pond of the wet detention basin. As 
shown on Map 22, additional storage would be 
provided within the 100-year floodplain outside of the 
proposed 500-foot Wisconsin Avenue development 
zone. That storage would be attained through the 
construction of a dike with a length of about 3,700 
feet. Unlike Alternative Plan No.4, the eastern 1,000 
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ALTERNATIVE PLAN NO.5 
EXPANDED DETENTION STORAGE WITH EXCAVATION MINIMIZED 
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feet of this dike would be located in the wetland at the 
extreme eastern end of the detention basin near 
Pilgrim Parkway. Extension of the dike to that 
location would enable runoff from a larger area to 
be stored, providing a greater level of control of 
both nonpoint source pollution and floods. The total 
amount of storage provided during a 100-year flood 
would be about 340 acre-feet. The net increase in 
storage relative to existing conditions would be about 
145 acre-feet, which would be sufficient to offset lost 
storage due to development within the 500-foot zone 
and also to provide reductions in downstream flood 
flows, stages, and damages. 

The 100-year recurrence interval flood stage upstream 
of the detention basin outlet would be at approximate 
elevation 830.2 feet above NGVD29. That stage 
elevation represents an increase of from 0.0 to 2.8 feet 
in the flood stage compared to the existing 100-year 
flood stage. As under Alternative Plan No.4, ease
ments for the flood stage increases would be required 
from affected property owners in the Clearwater 
Lakes condominium development and at five lots in 
the Sanctuary Subdivision, but easements would not 
be required at the lots along the south side of Leon 
Terrace and easements should be routinely granted at 
no cost to the detention basin project in the 500-foot 
development zone north of the proposed Wisconsin 
Avenue extension. Additionally, easements might be 
required at several properties in Elm Grove near 
Verdant Drive on the east side of Pilgrim Parkway; 
however, the stormwater drainage element of this plan 
provides for the implementation of a plan to alleviate 
drainage and flooding problems in that location. That 
plan would necessarily be implemented along with the 
Dousman Ditch detention basin. The detention basin 
project would also include acquisition of about 115 
acres of land. 

The dike would be similar to that called for under 
Alternative Plan No.4, with side slopes of one 
vertical on three horizontal, a IO-foot top width, and a 
crest elevation of 833.2 feet above NGVD29, 
providing three feet of freeboard during the 100-year 
flood. Again, it was assumed that the dike foundation 
would be excavated to sound soil and the trench 
would be backfilled with structural fill. As shown on 
Map 22, a culvert with a backwater gate would be 
installed in the north-south ditch that conveys runoff 
from a portion of the residential area located north of 
the detention basin. 

Approximately 3,800 lineal feet of sanitary sewer 
access roads and/or wet detention basin flow baffles 
would be provided, as shown on Map 22. Those 
roadslbaffles would have the same cross-section as 
the dike, but subsurface excavation and backfilling 
to stabilize the foundation would not be required. 
Sanitary sewer manholes for the Underwood trunk 
sewer and affected tributary sewers would be raised to 
the access road height of elevation 833.2 feet above 
NGVD29. 

The detention basin would have a v-notch weir outlet 
with an 18-inch-diameter RCP discharge pipe. A 
concrete- or riprap-lined emergency spillway would 
be constructed to convey flows during floods with 
recurrence intervals greater than 100 years. 

The eastern boundary of the detention basin could be 
constructed in two ways. Either a dike could be 
constructed on the west side of Pilgrim Parkway with 
the roadway ditch relocated farther west or an 1,800-
foot-long stretch of Pilgrim Parkway could be raised 
from 0.0 to 3.2 feet, with the average raise being 1.8 
feet. The project cost was estimated assuming that the 
grade of Pilgrim Parkway would be raised, as shown 
on Map 22. 

This alternative plan calls for raising about 280 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.8 foot to avoid inundation of the roadway 
during a 100-year flood. The grade raises would be 
located near the intersection with Cascade Drive and 
at the north entrance drive to Pilgrim Park Middle 
School. In order to provide adequate major system 
hydraulic capacity, the existing northern 24-inch
diameter CMP culvert under Pilgrim Parkway at 
Cascade Drive would be replaced with a 50-foot-long, 
27-inch-diameter RCP culvert and the southern CMP 
culvert would be replaced with a 53-foot-long, 18-
inch-diameter RCP culvert. The existing 27-inch-high 
by 43-inch-wide CMPA culvert under Pilgrim Park
way at the northern entrance to Pilgrim Park Middle 
School would be replaced with a 6O-foot-long, 24-
inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert. 

The plan also calls for the floodproofing of five 
single-family residential buildings in Brookfield and 
11 in Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and one in Elm 
Grove, the floodproofing of four apartment buildings 
in Elm Grove, the floodproofing of one commercial 
building in Brookfield and 13 in Elm Grove, and 
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the acquisition and removal of one single-family 
residence in Brookfield. 

As described in detail in Appendix D, under this 
alternative plan, the frequency and duration of 
flooding of the proposed Bluemound Road Golf 
Range site would be increased in comparison with 
existing conditions. Interruptions in the use of the 
range due to flooding above elevation 727.6 feet 
above NGVD29 for a duration of one day or more 
could be expected about once a year. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by imple
mentation of this plan in the absence of other 
measures directed toward reduction of infiltration and 
inflow to sanitary sewers. 

As set forth in Table 24, the total capital cost of the 
water quantity control portion of the minimal 
excavation detention storage alternative is estimated 
to be $7,140,000. This cost includes $2,480,000 for 
construction of the dike and spillway, $2,000,000 for 
construction of the water quantity control portion of 
the detention basin, $340,000 for access roadslbaffles, 
$270,000 for raising Pilgrim Parkway and installing 
larger culverts under the roadway, $350,000 for land 
acquisition, $100,000 for easements, and $1,600,000 
for structure floodproofing, elevation, and removal. 
Assuming an annual interest rate of 6 percent and a 
project life and amortization period of 50 years, the 
average annual cost of the alternative plan, including 
$11,000 in annual operation and maintenance costs is 
$464,000. The average annual flood damage abate
ment benefit is estimated to be $135,000, yielding a 
benefit-cost ratio of 0.29. 

Alternative Floodland Management Plan No. 6-
Expanded Detention Storage with 
Excavation Maximized and Structure 
Floodproojing, Elevation, and Removal 
This alternative plan would have the same dike 
alignment as Alternative Plan No.5 and it would be 
similar to Alternative Plan Nos. 3 through 5 in that it 
calls for the provision of approximately 60 acre-feet 
of excavation along Dousman Ditch above the 
permanent pond of the wet detention basin. However, 
this alternative provides for a substantial amount of 
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detention storage to be created through excavation in 
the area shown on Map 23. As under Alternative Plan 
No.5, the eastern 1,000 feet of a 3,700-foot-long dike 
would be located in the wetland at the extreme eastern 
end of the detention basin near Pilgrim Parkway. 
Extension of the dike to that location would enable 
runoff from a larger area to be stored, providing a 
greater level of control of both nonpoint source 
pollution and floods. The total amount of storage 
provided during a 100-year flood would be about 380 
acre-feet. The net increase in storage relative to 
existing conditions would be about 185 acre-feet, 
which would be sufficient to offset lost storage due to 
development within the 500-foot zone and also to 
provide reductions in downstream flood flows, stages, 
and damages. 

The 100-year recurrence interval flood stage upstream 
of the detention basin outlet would be at approximate 
elevation 829.2 feet above NGVD29. That stage 
elevation represents an increase of from 0.0 to 1.8 feet 
in the flood stage compared to the existing 100-year 
flood stage. Flood stage increases would not occur in 
the Clearwater Lakes condominium development or at 
the five lots in the Sanctuary Subdivision, thus, 
easements would not be required from those property 
owners. As under Alternative Plan Nos. 4 and 5, 
easements would not be required at the lots along the 
south side of Leon Terrace and easements should be 
routinely granted at no cost to the detention basin 
project in the 500-foot development zone north of the 
proposed Wisconsin Avenue extension. Easements 
might be required at several properties in Elm Grove 
near Verdant Drive on the east side of Pilgrim 
Parkway; however, the stormwater drainage element 
of this plan provides for the implementation of a plan 
to alleviate drainage and flooding problems in that 
location. That plan would necessarily be implemented 
along with the Dousman Ditch detention basin. In 
addition, the project would include acquisition of 
about 115 acres of land. 

The dike would be similar to that called for under 
Alternative Plan No.5, with side slopes of one 
vertical on three horizontal, a 10-foot top width, and a 
crest elevation of 832.2 feet above NGVD29, 
providing three feet of freeboard during the 100-year 
flood. Again, it was assumed that the dike foundation 
would be excavated to sound soil and the trench 
would be backfilled with structural fill. As shown on 
Map 23, a culvert with a backwater gate would be 
installed in the north-south ditch that conveys runoff 
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ALTERNATIVE PLAN NO.6 
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from a portion of the residential area located north of 
the detention basin. 

Approximately 3,800 lineal feet of sanitary sewer 
access roads and/or wet detention basin flow baffles 
would be provided, as shown on Map 23. Those 
roadslbaffles would have the same cross-section as the 
dike, but subsurface excavation and backfilling to 
stabilize the foundation would not be required. 
Sanitary sewer manholes for the Underwood trunk 
sewer and affected tributary sewers would be raised 
to the access road height of elevation 832.2 feet 
above NGVD29. 

The detention basin would have a v-notch weir outlet 
with an 18-inch-diameter RCP discharge pipe. A 
concrete- or riprap-lined emergency spillway would 
be constructed to convey flows during floods with 
recurrence intervals greater than 100 years. 

Similar to Alternative Plan No.5, the eastern bound
ary of the detention basin could be constructed in two 
ways, using either a dike or by raising the grade of 
Pilgrim Parkway. The project cost was estimated 
assuming that the grade of Pilgrim Parkway would be 
raised from 0.0 to 2.2 feet, with the average raise 
being 1.4 feet, along a 1,400-foot-Iong stretch of the 
road. The extent of the road grade raise is shown on 
Map 23. 

This alternative plan calls for raising about 280 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.8 foot to avoid inundation of the roadway 
during a 100-year flood. The grade raises would be 
located near the intersection with Cascade Drive and 
at the north entrance drive to Pilgrim Park Middle 
School. In order to provide adequate major system 
hydraulic capacity, the existing northern 24-inch
diameter CMP culvert under Pilgrim Parkway at 
Cascade Drive would be replaced with a 50-foot-Iong, 
27-inch-diameter RCP culvert and the southern CMP 
culvert would be replaced with a 53-foot-long, 18-
inch-diameter RCP culvert. The existing 27-inch-high 
by 43-inch-wide CMPA culvert under Pilgrim 
Parkway at the northern entrance to Pilgrim Park 
Middle School would be replaced with a 6O-foot-long, 
24-inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert. 

As under Alternative Plan No.5, this plan calls for 
the floodproofing of five single-family residential 
buildings in Brookfield and 11 in Elm Grove, the 
elevation of two single-family residential buildings in 
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Brookfield and one in Elm Grove, the floodproofing 
of four apartment buildings in Elm Grove, the 
floodproofing of one commercial building in Brook
field and 13 in Elm Grove, and the acquisition and 
removal of one single-family residence in Brookfield. 

As described in detail in Appendix D, under this 
alternative plan, the proposed Bluemound Road Golf 
Range could not be developed as intended because the 
site would be purchased and excavated to elevation 
824 feet above NGVD29 to provide additional flood 
storage capacity. Frequent flooding of the excavated 
area would be expected. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by implemen
tation of this plan in the absence of other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers. 

As set forth in Table 24, the total capital cost of 
the water quantity control portion of the minimal 
excavation detention storage alternative is estimated 
to be $8,710,000. This cost includes $2,130,000 for 
construction of the dike and spillway, $4,180,000 for 
construction of the water quantity control portion of 
the detention basin, $250,000 for access roads/baffles, 
$200,000 for raising Pilgrim Parkway and installing 
larger culverts under the roadway, $350,000 for land 
acquisition, and $1,600,000 for structure flood
proofing, elevation, and removal. Assuming an annual 
interest rate of 6 percent and a project life and 
amortization period of 50 years, the average annual 
cost of the alternative plan, including $10,000 in 
annual operation and maintenance costs is $563,000. 
The average annual flood damage abatement benefit 
is estimated to be $135,000, yielding a benefit-cost 
ratio of 0.24. 

Alternative Floodland Management Plan No. 7-
Expanded Two-Basin Detention Storage 
with Excavation Minimized and Structure 
Floodproojing, Elevation, and Removal 
This alternative is essentially the same as Alternative 
Plan No.5, except that it includes an additional 
detention basin located south of Gebhardt Road, as 
shown on Map 24. That detention basin, designated 
the north basin, would function in series with the 
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larger south, or upstream, basin, providing a some
what greater degree of reduction of flood flows than 
would Alternative Plan No.5. The amount of storage 
provided in the north detention basin during a 100-
year flood would be about 40 acre-feet and the 
amount provided in the south basin would be 340 
acre-feet, for a total of about 380 acre-feet. The net 
increase in storage relative to existing conditions 
would be about 185 acre-feet. That amount of storage 
would be sufficient to offset lost storage due to 
development within the 500-foot zone adjacent to the 
south basin and also to provide reductions III 

downstream flood flows, stages, and damages. 

The 100-year recurrence interval flood stage in the 
level pool upstream of the north detention basin outlet 
would be limited to elevation 825.9 feet above 
National Geodetic Vertical Datum (NGVD), which is 
less than or equal to the 100-year stage under planned 
land use and existing channel conditions. Asunder 
Alternative Plan No.5, the 100-year flood stage in the 
south detention basin would be at approximate 
elevation 830.2 feet above NGVD29. That stage 
elevation represents an increase of from 0.0 to 2.8 feet 
in the flood stage compared to the existing 100-year 
flood stage. Easements for the flood stage increases in 
the south detention basin would be required from 
affected property owners in the Clearwater Lakes 
condominium development and at five lots in the 
Sanctuary Subdivision, but easements would not be 
required at the lots along the south side of Leon 
Terrace and easements should be routinely granted at 
no cost to the detention basin project in the 500-foot 
development zone north of the proposed Wisconsin 
Avenue extension. Additionally, easements might be 
required at several properties in Elm Grove near 
Verdant Drive on the east side of Pilgrim Parkway; 
however, the storm water drainage element of this plan 
provides for the implementation of a plan to alleviate 
drainage and flooding problems in that location. That 
plan would necessarily be implemented along with the 
Dousman Ditch detention basin. The detention basin 
project would also include acquisition of about 155 
acres of land. 

For the south detention basin, the dike, sanitary sewer 
access roads and/or wet detention basin flow baffles, 
detention basin outlet, emergency spillway, and 
southern Pilgrim Parkway road grade raise or parallel 
dike would be the same as under Alternative Plan 
No.5. As shown on Map 24, a culvert with a 
backwater gate would be installed in the north-south 
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ditch that conveys runoff from a portion of the 
residential area located north of the detention basin. 

The 1,800-foot-Iong dike for the north detention basin 
would have side slopes of one vertical on three 
horizontal, a 10-foot top width, and a crest elevation 
of 828.9 feet above NGVD29, providing three feet of 
freeboard during the 100-year flood. It was assumed 
that the dike foundation would be excavated to sound 
soil and the trench would be backfilled with structural 
fill. The dike would be located in a wetland. That 
location was chosen for this alternative because it 
would avoid ponding of runoff at the outlet of the 
storm sewers discharging to the wetland at Onondoga 
Circle and Indianwood Drive and from the Starbridge 
Subdivision and at the outlets of the culverts dis
charging to Dousman Ditch at Cascade Drive, West
over Road, and the entrance drive to Pilgrim Park 
Middle School. 

The north detention basin would have a 15-inch
diameter RCP discharge pipe and an adjacent drop 
inlet weir with a 10-foot-long crest at approximate 
elevation 825.1 feet above NGVD29. That weir would 
be provided with an outlet pipe large enough to 
convey flow occurring over the weir without sub
merging the weir crest. A concrete- or riprap-lined 
emergency spillway would be constructed to convey 
flows during floods with recurrence intervals greater 
than 1 00 years. 

One property would have to be acquired for con
struction of the north detention basin. 

This alternative plan calls for raising about 110 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.5 foot to avoid inundation of the roadway 
during a 100-year flood. The grade raise would be 
located near the north entrance drive to Pilgrim Park 
Middle School. In order to provide adequate major 
system hydraulic capacity, the existing 27-inch-high 
by 43-inch-wide CMPA culvert under Pilgrim Park
way at the northern entrance to the Middle School 
would be replaced with a 60-foot-long, 24-inch-high 
by 38-inch-wide reinforced concrete HE pipe culvert. 

The plan also calls for the floodproofing of four 
single-family residential buildings in Brookfield and 
11 in Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and one in Elm 
Grove, the flood proofing of four apartment buildings 
in Elm Grove, the floodproofing of one commercial 



building in Brookfield and 13 in Elm Grove, and 
the acquisition and removal of one single-family 
residence in Brookfield. 

As described in detail in Appendix D, under this 
alternative plan, the frequency and duration of 
flooding of the proposed Bluemound Road Golf 
Range site would be increased in comparison with 
existing conditions. Interruptions in the use of the 
range due to flooding above elevation 727.6 feet 
above NGVD29 for a duration of one day or more 
could be expected about once a year. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by implemen
tation of this plan in the absence of other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers. 

As set forth in Table 24, the total capital cost of 
the water quantity control portion of the expanded 
two-basin detention storage with excavation mini
mized alternative is estimated to be $8,310,000. This 
cost includes the following items related to the south 
detention basin: 1) $2,480,000 for construction of 
the dike and spillway, 2) $2,000,000 for construction 
of the water quantity control portion of the basin, 
3) $340,000 for access roads/baffles, 4) $230,000 for 
raising Pilgrim Parkway, 5) $350,000 for land 
acquisition, and 6) $100,000 for easements. The cost 
also includes the following items related to the 
north detention basin: 1) $1,170,000 for construction 
of the dike and spillway, 2) $30,000 for land acqui
sition, and 3) $20,000 for raising Pilgrim Parkway 
and installing a larger culvert under the roadway. 
Finally, the total cost includes $1,590,000 for struc
ture ,floodproofing, elevation, and removal. Assuming 
an annual interest rate of 6 percent and a project 
life and amortization period of 50 years, the average 
annual cost of the alternative plan, including $14,000 
in annual operation and maintenance costs is 
$542,000. The average annual flood damage abate
ment benefit is estimated to be $135,000, yielding a 
benefit-cost ratio of 0.25. 

Alternative Floodland Management Plan No. 8-
Expanded Two-Basin Detention Storage 
with Excavation Maximized and Structure 
Floodproojing, Elevation, and Removal 
This alternative is the same as Alternative Plan No.6, 
except that it includes an additional detention basin 
located south of Gebhardt Road, as shown on Map 25. 
That detention basin, designated the north basin, 
would function in series with the larger south, or 
upstream, basin, providing a somewhat greater degree 
of reduction of flood flows than would Alternative 
Plan No.6. The amount of storage provided in the 
north detention basin during a 100-year flood would 
be about 40 acre-feet and the amount provided in 
the south basin would be 380 acre-feet, for a total of 
420 acre-feet. The net increase in storage relative 
to existing conditions would be about 225 acre-feet. 
That amount of storage would be sufficient to 
offset lost storage due to development within the 
500-foot zone adjacent to the south basin and also to 
provide reductions in downstream flood flows, stages, 
and damages. 

The 100-year recurrence interval flood stage in the 
level pool upstream of the north detention basin outlet 
would be limited to elevation 825.9 feet above 
NGVD, which is less than or equal to the 100-year 
stage under planned land use and existing channel 
conditions. As under Alternative Plan No.6, the 100-
year recurrence interval flood stage upstream of the 
detention basin outlet would be at approximate 
elevation 829.2 feet above NGVD29. That stage 
elevation represents an increase of from 0.0 to 1.8 feet 
in the flood stage compared to the existing 100-year 
flood stage. Flood stage increases would not occur in 
the Clearwater Lakes condominium development or at 
the five lots in the Sanctuary Subdivision, thus, 
easements would not be required from those property 
owners. As under Alternative Plan No.5, easements 
would not be required at the lots along the south side 
of Leon Terrace, easements should be routinely 
granted at no cost to the detention basin project in 
the 500-foot development zone north of the proposed 
Wisconsin Avenue extension. Easements might be 
required at several properties in Elm Grove near 
Verdant Drive on the east side of Pilgrim Parkway; 
however, the stormwater drainage element of this 
plan provides for the implementation of a plan to 
alleviate drainage and flooding problems in that 
location. That plan would necessarily be implemented 
along with the Dousman Ditch detention basin. In 
addition, the project would include acquisition of 
about 155 acres of land. 
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For the south detention basin, the dike, detention basin 
excavation, sanitary sewer access roads and/or wet 
detention basin flow baffles, detention basin outlet, 
emergency spillway, and Pilgrim Parkway road grade 
raise or parallel dike would be the same as under 
Alternative Plan No.6. As shown on Map 25, a 
culvert with a backwater gate would be installed in 
the north-south ditch that conveys runoff from a 
portion of the residential area located north of the 
detention basin. 

As under Alternative Plan No.7, the 1,800-foot-Iong 
dike for the north detention basin would have side 
slopes of one vertical on three horizontal, a 10-foot 
top width, and a crest elevation of 828.9 feet above 
NGVD29, providing three feet of freeboard during 
the 100-year flood. It was assumed that the dike 
foundation would be excavated to sound soil and the 
trench would be backfilled with structural fill. The 
dike would be located in a wetland. That location was 
chosen for this alternative because it would avoid 
ponding of runoff at the outlet of the storm sewers 
discharging to the wetland at Onondoga Circle and 
Indianwood Drive and from the Starbridge Subdivi
sion and at the outlets of the culverts discharging to 
Dousman Ditch at Cascade Drive, Westover Road, 
and the entrance drive to Pilgrim Park Middle School. 

The north detention basin would have a 15-inch
diameter RCP discharge pipe and an adjacent drop 
inlet weir with a 10-foot-Iong crest at approximate 
elevation 825.1 feet above NGVD29. That weir would 
be provided with an outlet pipe large enough to 
convey flow occurring over the weir without sub
merging the weir crest. A concrete- or riprap-lined 
emergency spillway would be constructed to convey 
flows during floods with recurrence intervals greater 
than 1 00 years. 

One property would have to be acquired for con
struction of the detention basin. 

This alternative plan calls for raising about 110 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.5 foot to avoid inundation of the road
way during a 100-year flood. The grade raise would 
be located near the north entrance drive to Pilgrim 
Park Middle School. In order to provide adequate 
major system hydraulic capacity, the existing 27-inch
high by 43-inch-wide CMPA culvert under Pilgrim 
Parkway at the northern entrance to the Middle School 
would be replaced with a 60-foot-Iong, 24-inch-high 
by 38-inch-wide reinforced concrete HE pipe culvert. 

The plan also calls for the floodproofing of four 
single-family residential buildings in Brookfield and 
11 in Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and one in Elm 
Grove, the floodproofing of four apartment buildings 
in Elm Grove, the floodproofing of one commercial 
building in Brookfield and 13 in Elm Grove, and 
the acquisition and removal of one single-family 
residence in Brookfield. 

As described in detail in Appendix D, under this 
alternative plan, the proposed Bluemound Road Golf 
Range could not be developed as intended because 
the site would be purchased and excavated to 
elevation 824 feet above NGVD29 to provide 
additional flood storage capacity. Frequent flooding 
of the excavated area would be expected. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by implemen
tation of this plan in the absence of other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers. 

As set forth in Table 24, the total capital cost of the 
water quantity control portion of the expanded two
basin detention storage with excavation minimized 
alternative is estimated to be $9,870,000. This cost 
includes the following items related to the south 
detention basin: 1) $2,130,000 for construction of the 
dike and spillway, 2) $4,180,000 for construction of 
the water quantity control portion of the basin, 3) 
$240,000 for access roadslbaffles, 4) $160,000 for 
raising Pilgrim Parkway, and 5) $350,000 for land 
acquisition. The cost also includes the following items 
related to the north detention basin: 1) $1,170,000 for 
construction of the dike and spillway, 2) $30,000 for 
land acquisition, and 3) $20,000 for raising Pilgrim 
Parkway and installing a larger culvert under the 
roadway. Finally, the total cost includes $1,590,000 
for structure floodproofing, elevation, and removal. 
Assuming an annual interest rate of 6 percent and a 
project life and amortization period of 50 years, the 
average annual cost of the alternative plan, including 
$13,000 in annual operation and maintenance costs is 
$640,000. The average annual flood damage abate
ment benefit is estimated to be $135,000, yielding a 
benefit-cost ratio of 0.21. 
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Alternative Floodland Management Plan No. 9-
Two-Basin Detention Storage with 
Excavation Minimized, No Wetland Disturbance, 
and Structure Floodproojing and Elevation 
This alternative is the same as Alternative Plan No.4, 
except that it includes an additional detention basin 
located south of Gebhardt Road, as shown on Map 26 
and it does not include structure acquisition and 
removal. The additional detention basin, designated 
the north basin, would function in series with the 
larger south, or upstream, basin, providing a some
what greater degree of reduction of flood flows than 
would Alternative Plan No.4. The amount of storage 
provided in the north detention basin during a 100-
year flood would be about 70 acre-feet and the 
amount provided in the south basin would be 310 
acre-feet, for a total of about 380 acre-feet. The, net 
increase in storage relative to existing conditions 
would be about 185 acre-feet. That amount of storage 
would be sufficient to offset lost storage due to 
development within the 500-foot zone adjacent to the 
south basin and also to provide reductions in 
downstream flood flows, stages, and damages. 

The 100-year recurrence interval flood stage in the 
level pool upstream of the north detention basin outlet 
would be limited to elevation 825.6 feet above 
NGVD, which is less than or equal to the 100-year 
stage under planned land use and existing channel 
conditions. As under Alternative Plan No.4, the 100-
year flood stage in the south detention basin would be 
at approximate elevation 830.0 feet above NGVD29. 
That stage elevation represents an increase of from 0.0 
to 2.4 feet in the flood stage compared to the existing 
100-year flood stage. Easements for the flood stage 
increases would be required from affected property 
owners in the Clearwater Lakes condominium devel
opment and at five lots in the Sanctuary Subdivision. 
In addition, the project would include acquisition of 
about 170 acres of land. Easements would not be 
required at the lots along the south side of Leon 
Terrace in the north central portion of the detention 
basin because a low dike would be constructed in that 
area outside of the lots. While easements might tech
nically be required from the property owners in the 
500-foot development zone north of the proposed 
Wisconsin A venue extension, such easements should 
be routinely granted at no cost to the detention basin 
project during the development approval process. 

For the south detention basin, the dike, sanitary sewer 
access roads and/or wet detention basin flow baffles, 
detention basin outlet, and emergency spillway would 

130 

be the same as under Alternative Plan No.4. As 
shown on Map 26, a culvert with a backwater gate 
would be installed in the north-south ditch that 
conveys runoff from a portion of the residential area 
located north of the detention basin. 

The 260-foot-long dike for the north detention basin 
would have side slopes of one vertical on three 
horizontal, a 10-foot top width, and a crest elevation 
of 828.6 feet above NGVD29, providing three feet of 
freeboard during the 100-year flood. It was assumed 
that the dike foundation would be excavated to sound 
soil and the trench would be backfilled with structural 
fill. The dike would be located outside of wetlands. In 
that location runoff would be ponded at the outlet of 
the storm sewer discharging to the wetland at Onon
doga Circle and Indianwood Drive and at the outlets 
of the culverts discharging to Dousman Ditch at 
Cascade Drive, Westover Road, and the entrance 
drive to Pilgrim Park Middle School. That ponding 
could possibly restrict outflow through the storm 
sewer and culverts, but the degree of restriction during 
large floods would be no greater than under existing 
channel conditions. 

The north detention basin would have two 30-inch
diameter RCP discharge pipes, each with a different 
upstream invert elevation to enable achievement of 
the desired level of control of the basin outflow. A 
concrete- or riprap-lined emergency spillway would 
be constructed to convey flows during floods with 
recurrence intervals greater than 100 years. 

Part of one property and all of another would have 
to be acquired for construction of the detention basin. 
In addition, easements would be required at 18 
properties. Those easements would not be necessary 
because of an increase in the 100-year flood stage as a 
result of construction of the detention basin. They 
would be required to enable municipal control of the 
lands associated with the basin. 

This alternative plan calls for raising about 400 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 1.3 feet to avoid inundation of the roadway 
during a 100-year flood. The grade raises would be 
located near the intersection with Cascade Drive and 
at the north entrance drive to Pilgrim Park Middle 
School. In order to provide adequate major system 
hydraulic capacity, the existing northern 24-inch
diameter CMP culvert under Pilgrim Parkway at 
Cascade Drive would be replaced with a 50-foot-Iong, 
27-inch-diameter RCP culvert and the southern CMP 
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culvert would be replaced with a 53-foot-long, 18-
inch-diameter RCP culvert. The existing 27-inch-high 
by 43-inch-wide CMPA culvert under Pilgrim Park
way at the northern entrance to the Middle School 
would be replaced with a 60-foot-long, 24-inch-high 
by 38-inch-wide reinforced concrete HE pipe culvert. 

The plan also calls for the floodproofing of one 
single-family residential buildings in Brookfield and 
11 in Elm Grove, the elevation of two single-family 
residential buildings in Brookfield and one in Elm 
Grove, the floodproofing of four apartment buildings 
in Elm Grove, and the floodproofing of one com
mercial building in Brookfield and 13 in Elm Grove. 

As set forth in detail in Appendix 0, under this 
alternative plan, the frequency and duration of flood
ing of the proposed Bluemound Road Golf Range site 
would be increased in comparison with existing 
conditions. Interruptions in the use of the range due to 
flooding above elevation 727.6 feet above NGVD29 
for a duration of one day or more could be expected 
about once every 20 months. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by implemen
tation of this plan in the absence of other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers. 

As set forth in Table 24, the total capital cost of the 
water quantity control portion of the two-basin 
detention storage with excavation minimized and no 
wetland disturbance alternative is estimated to be 
$7,055,000. This cost includes the following items 
related to the south detention basin: 1) $2,770,000 for 
construction of the dike and spillway, 2) $1,920,000 
for construction of the water quantity control portion 
of the basin, 3) $230,000 for access roadslbaffles, 
4) $350,000 for land acquisition, and 5) $100,000 for 
easements. The cost also includes the following items 
related to the north detention basin: I) $130,000 for 
construction of the dike and spillway, 2) $100,000 
for land acquisition, 3) $90,000 for easements, and 
4) $55,000 for raising Pilgrim Parkway and installing 
larger culverts under the roadway. Finally, the total 
cost includes $1,310,000 for structure floodproofing 
and elevation. Assuming an annual interest rate of 
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6 percent and a project life and amortization period of 
50 years, the average annual cost of the alternative 
plan, including $11,000 in annual operation and 
maintenance costs is $459,000. The average annual 
flood damage abatement benefit is estimated to be 
$135,000, yielding a benefit-cost ratio of 0.29. 

Alternative Floodland Management Plan No.1 0-
Limited Dousman Ditch Detention 
Storage, Maximum On-Line Storage, 
Bridge and Culvert Modification, and 
Structure Floodproojing, Elevation, and Removal 
This alternative was developed as an extension of 
Alternative Plan No.3. As shown on Maps 20 and 27, 
under this alternative, the Alternative Plan No.3 
detention basin would be constructed along Dousman 
Ditch west of Pilgrim Parkway and selected bridges 
and culverts would be modified along Underwood 
Creek in the Village of Elm Grove. Thus, under this 
alternative, the floodland management measures 
called for along Dousman Ditch and in the City of 
Brookfield would be identical to those for Alternative 
Plan No.3. They would include 1) constructing a 
detention basin for water quality and quantity control 
with a net total of approximately 23 acre-feet of flood 
storage along Dousman Ditch; 2) acquiring about 115 
acres of land in the vicinity of the detention basin; 
3) raising about 360 feet of Pilgrim Parkway south of 
Gebhardt Road an average of about 0.9 foot to avoid 
inundation of the roadway during a 100-year flood; 
4) replacing the existing northern 24-inch-diameter 
CMP culvert under Pilgrim Parkway at Cascade Drive 
with a 50-foot-long, 27-inch-diameter RCP culvert, 
replacing the southern CMP culvert with a 53-foot
long, 18-inch-diameter RCP culvert, and replacing the 
existing 27-inch-high by 43-inch-wide CMPA culvert 
under Pilgrim Parkway at the northern entrance to 
Pilgrim Park Middle School with a 6O-foot-Iong, 24-
inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert; 5) floodproofing five single-family resi
dences and one commercial structure in Brookfield; 6) 
elevating two single-family residential buildings in 
Brookfield; and 7) removing one single-family resi
dence in the City of Brookfield. As described in 
Appendix D, under this alternative plan, the frequency 
and duration of flooding of the proposed Bluemound 
Road Golf Range site would be reduced in compari
son with both existing conditions and conditions 
under the other alternative plans. Interruptions in the 
use of the range due to flooding would be infrequent. 

In the Village of Elm Grove, the six bridges that have 
the most significant effect on flood stages would be 
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modified, expanded, or removed, as shown on 
Map 27. From downstream to upstream, 1) the first 
private bridge downstream from Wall Street would 
be removed, 2) the 28-foot-wide Wall Street bridge 
would be replaced with a 40-foot-wide bridge, 3) a 
six-foot-high by 20-foot-wide, 570-foot-long rein
forced concrete box culvert would be added parallel to 
the existing Park and Shop enclosure of similar size 
south of Watertown Plank Road, 4) a nine-foot-high 
by 20-foot-wide, reinforced concrete box culvert 
would be added parallel to the existing culvert of 
similar size under Watertown Plank Road, 5) an eight
foot-high by 22-foot-wide, reinforced concrete box 
culvert would be added parallel to the existing private 
culvert of similar size immediately upstream from 
Watertown Plank Road, and 6) the 26-foot-wide 
Canadian Pacific Railway bridge between Watertown 
Plank Road and Juneau Boulevard would be replaced 
with a 40-foot-wide bridge. 

The provision of increased hydraulic capacity at the 
six bridge/culvert locations would reduce the 100-year 
flood stage from 0.7 to five feet in the reach extending 
from the upstream end of the Park and Shop enclosure 
to the northern limit of the Village Park. However, 
that reduction in flood stage would correspond to a 
reduction in floodwater storage volume and a corres
ponding increase in downstream flood flows and 
stages unless additional floodplain storage volume 
were provided. Thus, under this alternative, approxi
mately 16 acre-feet of excavated floodplain storage 
volume would be provided in the Village Park and 
an additional eight acre-feet of volume would be 
provided along the Milwaukee County Underwood 
Creek Parkway in the City of Wauwatosa. The 
provision of such storage would eliminate 100-year 
flood flow and stage increases downstream of the 
Village of Elm Grove. Even with the provision of 
the maximum amount of storage volume reasonably 
possible in the Village Park, there would stiI1 be small 
100-year flood stage increases of from 0.05 to 0.16 
foot in Elm Grove downstream of Wall Street. The 
Village floodplain zoning ordinance requires that 
legal agreements be obtained from all property owners 
affected by increases of 0.01 foot or more in the 100-
year flood stage. 

The 100-year flood stage along Dousman Ditch 
upstream of the detention basin outlet structure would 
be reduced from 0.4 to 1.9 feet compared to the 
existing 100-year flood stage. Along Dousman Ditch 
between the basin outlet and Gebhardt Road, the 100-
year flood stage would be decreased by about 0.1 foot. 
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That reduction would marginally improve drainage 
of adjacent developed lands in the City of Brook
field and the Village of Elm Grove, including the 
Indianwood and Onondaga area where significant 
stormwater drainage problems exist. 

The number of buildings located in the 100-year 
floodplain of Underwood Creek would be reduced 
from 51 to 33 if this alternative plan were 
implemented. 

In addition to the structures to be floodproofed and 
elevated in Brookfield as listed above, this plan also 
calls for the floodproofing of nine single-family resi
dences in Elm Grove, the floodproofing of four apart
ment buildings in Elm Grove, and the flood proofing 
of 10 commercial buildings in Elm Grove. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by implemen
tation of this plan in the absence of other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers. 

As set forth in Table 24, the total capital cost of 
the water quantity control portion of the limited 
detention storage alternative is estimated to be 
$9,900,000. This cost includes $1,870,000 for con
struction of the water quantity control portion of 
the detention basin; $350,000 for land acquisition; 
$50,000 for raising the grade of Pilgrim Parkway 
and installing larger culverts under the roadway; 
$2,665,000 for bridge and culvert modification or 
removal; $3,595,000 for the provision of floodwater 
storage volume in the Elm Grove Village Park; 
$185,000 for the provision of floodwater storage 
volume along the Underwood Creek Parkway in the 
City of Wauwatosa; and $1,185,000 for flood
proofing, elevation or removal of structures. Assum
ing an annual interest rate of 6 percent, a project 
life and amortization period of 50 years, and annual 
operation and maintenance costs of $2,000 per year, 
the average annual cost of the alternative plan is 
$631,000. The average annual flood damage abate
ment benefit is estimated to be $135,000, yielding a 
benefit-cost ratio of 0.21. 



Alternative Floodland Management Plan No. 11-
Limited Dousman Ditch Detention Storage, 
Underwood Creek Overflow Channel and 
Diversion, and Compensating Storage, 
with Structure Floodproojing and Removal 
This alternative was conceptually proposed by 
the Village of Elm Grove subcommittee of the 
Underwood Creek Task Force at the subcommittee's 
meeting on January 28, 1999. The subcommittee 
directed Ruekert & Mielke, Inc., the Village engineer, 
to evaluate the concept and Ruekert & Mielke, Inc. 
issued a report on their evaluation, including approxi
mate costs on February 25, 1999. That report called 
for a 2.3-mile-Iong reinforced concrete box culvert 
diversion. The February report was considered by the 
Elm Grove subcommittee at their March 2, 1999 
meeting. At that meeting, the subcommittee and the 
Village staff decided to pursue the alternative plan 
further and they requested 1) that Ruekert & Mielke 
examine possible utility conflicts along the proposed 
route and 2) that the Regional Planning Commission 
staff develop a detailed alternative, including the 
provision of compensating floodwater storage, follow
ing completion ofRuekert & Mielke's utility conflict 
analysis. On April 8, 1999, Ruekert & Mielke issued a 
report on their findings regarding utility conflicts and 
the diversion alignment. That report, which was 
presented to the Elm Grove subcommittee at their 
April 9, 1999 meeting, refined the original proposal 
and called for an 0.8-mile-Iong overflow channel, 
located approximately parallel to Underwood Creek, 
from the intersection/of Mt. Kisco Drive and Under
wood River Parkway to Juneau Boulevard and a one
mile-long, double six-foot-high by seven-foot-wide 
reinforced concrete box culvert diversion from Juneau 
Boulevard through the Village to a location about 
450 feet east of the Milwaukee-Waukesha County 
line. The issues involved in the analysis of the over
flow channel and diversion with compensating storage 
alternative were reviewed at the April 21, 1999 full 
Underwood Creek Task Force meeting and the analy
ses of the alternative plan in the context of the overall 
stormwater and floodland management plan for Dous
man Ditch and Underwood Creek were performed by 
the Commission staff following that meeting. 

This alternative plan was developed as an extension of 
Alternative Plan No.3. As shown on Maps 20 and 28, 
under this alternative, 1) the Alternative Plan No.3 
detention basin and associated measures would be 
constructed along Dousman Ditch west of Pilgrim 
Parkway; 2) about 14 acre-feet of floodwater storage 

volume would be provided in the east overbank of 
Underwood Creek in the City of Brookfield immedi
ately northwest of the intersection of W. North Ave
nue and Lilly Road; 3) six houses and lots located east 
of Underwood Creek in the City of Brookfield would 
be purchased to enable construction of the detention 
storage area described under Item 2;25 4) about 35 
acre-feet of floodwater storage volume would be 
provided in the northern portion of the Village Park; 
5) a 4,100-foot-long overflow channel would be con
structed along the west overbank of Underwood Creek 
from near the intersection of Mt. Kisco Drive and 
Underwood River Parkway to Juneau Boulevard;26 
6) three parallel 31-foot-long, four-foot-high by 10-
foot-wide reinforced concrete box culverts would be 
provided at the Marcella Avenue crossing of the over
flow channel; 7) two parallel 28-foot-long, five-foot
high by 10-foot-wide reinforced con-crete box cul
verts would be provided at the Village Hall Drive 
crossing of the overflow channel; and 8) a 5,400-
foot long double six-foot-high by seven-foot-wide 
reinforced concrete box culvert diversion would be 
constructed from Juneau Boulevard through the down
town portion of the Village of Elm Grove to a location 
about 450 feet east of the Milwaukee-Waukesha 
County line. 

Under this alternative, the flood land management 
measures called for along Dousman Ditch would be 
identical to those for Alternative Plan No.3. They 
would include 1) constructing a detention basin for 
water quality and quantity control with a net total of 
approximately 23 acre-feet of flood storage along 

25The City of Brookfield subcommittee of the Under
wood Creek Task Force originally endorsed consider
ing the purchase of houses and the development of 
floodwater storage along Underwood Creek upstream 
of W. North Avenue. That approach was supported by 
the task force as a whole at its March 24, 1999, 
meeting. Four of those six houses are located in the 
1 DO-year floodplain of Underwood Creek and the 
other two would be "floodplain islands" surrounded 
by water during a 1 DO-year flood. 

26 In general the overflow channel would be from two 
to 4.5 feet deep, with a 40- to 300-foot-wide bottom 
and 70- to 330-foot-wide top. Channel side slopes 
would be one vertical on three horizontal, or flatter. 
The channel would flow into, and out of, the existing 
pond in the Village Park. 
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Dousman Ditch; 2) acqutrmg about 115 acres of 
land in the vicinity of the detention basin; 3) raising 
about 360 feet of Pilgrim Parkway south of Gebhardt 
Road an average of about 0.9 foot to avoid inundation 
of the roadway during a 100-year flood; and 
4) replacing the existing northern 24-inch-diameter 
CMP culvert under Pilgrim Parkway at Cascade Drive 
with a 50-foot-Iong, 27-inch-diameter RCP culvert, 
replacing the southern CMP culvert with a 53-foot
long, 18-inch-diameter RCP culvert, and replacing the 
existing 27-inch-high by 43-inch-wide CMPA culvert 
under Pilgrim Parkway at the northern entrance to 
Pilgrim Park Middle School with a 6O-foot-Iong, 24-
inch-high by 38-inch-wide reinforced concrete HE 
pipe culvert. 

As described in Appendix D, under this alternative 
plan, the frequency and duration of flooding of the 
proposed Bluemound Road Golf Range site would be 
reduced in comparison with both existing conditions 
and conditions under the other alternative plans. Inter
ruptions in the use of the range due to flooding would 
be infrequent. 

The 100-year flood stage along Dousman Ditch 
upstream of the detention basin outlet structure would 
be reduced from 0.4 to 1.9 feet compared to the 
existing 100-year flood stage. Along Dousman Ditch 
between the basin outlet and Gebhardt Road, the 100-
year flood stage would be decreased by about 0.1 foot. 
That reduction would marginally improve drainage of 
adjacent developed lands in the City of Brookfield 
and the Village of Elm Grove, including the Indian
wood and Onondaga area where significant storm
water drainage problems exist. 

The provision of the overflow channel, diversion, and 
compensating storage would reduce the 100-year 
flood stage from 0.7 to 3.5 feet in the reach extend
ing from the Milwaukee-Waukesha County line to 
W. North Avenue and from 0.2 to 0.3 feet in the 0.5-
mile-long reach upstream from W. North Avenue. The 
provision of floodwater storage volume as described 
above would avoid flood flow and stage increases 
in the City of Wauwatosa downstream of the Village 
of Elm Grove during floods with recurrence intervals 
ranging from two through 100 years. 

In comparison to the other 10 floodland management 
alternative plans, the number of buildings located in 
the 100-year floodplain of Underwood Creek would 

be reduced from 51 to 22 if this alternative plan were 
implementedP This plan calls for the purchase and 
removal of one house in Brookfield, the flood proofing 
of two single-family residences in Brookfield and two 
in Elm Grove, the floodproofing of three apartment 
buildings in Elm Grove, and the floodproofing of 
one commercial building in Brookfield and eight in 
Elm Grove.28 

This alternative plan was developed to minimize the 
number of buildings in the 100-year floodplain and to 
avoid disturbance and modification of the existing 
Underwood Creek stream channel. The upstream 
2,900-foot-Iong reach of the overflow channel from 
Marcella Street to the north end of the pond in the 
Village Park would be located in a wetland. In 
general, it would not be possible to construct the 
overflow channel without some wetland disturbance; 
however, it may be possible to minimize the dis
turbance by refining the channel alignment during 
the final design stage. Construction of the proposed 
floodwater storage areas upstream of W. North 
Avenue and in the Elm Grove Village Park and the 
downstream portion of the diversion culvert might 
also involve some wetland disturbance, but, once 

27When the hydrologic and hydraulic analyses of 
Alternative Plan No. 11 were conducted, the continu
ous simulation hydrologic model used for Alternative 
Plan Nos. 1 through 10 was revised to simulate the 
additional period of streamflow from 1940 through 
1997, as opposed to 1940 through 1988 for the other 
alternatives. As a result, the flood frequency relation
ship was revised and the peak 100-year recurrence 
interval flood flow under planned land use and 
existing channel conditions was increased slightly in 
areas of potential flood damage. Thus, the total num
ber of buildings identified as potentially being within 
the 100-year floodplain was revised from 51 to 58. 
For a consistent comparison with the other 10 alter
natives, the total of 51 is used here. The seven addi
tional buildings included based on the revised 100-
year flood flow would no longer be in the floodplain if 
Alternative Plan No. 11 were implemented. 

28Three additional commercial buildings and three 
apartment buildings in the Village of Elm Grove 
would be on the edge of the floodplain, but not 
flooded to the extent that floodproofing would be 
required. 
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again, the degree of disturbance could be minimized 
during the final design of the project. The final over
flow channel alignment and floodwater storage area 
configurations would involve consideration of 1) the 
concerns of property owners along the route of 
the channel in the area north of the Village park, 
2) the impacts to the recreational features of the 
Village Park, 3) the degree of disturbance of wetlands, 
and 4) the monetary costs of alternative alignments 
and configurations. 

Full implementation of this alternative plan would 
serve to eliminate structure flood damages due to 
direct overland flooding along Underwood Creek for 
floods up to and including the 100-year recurrence 
interval flood event under planned land use and 
channel conditions. Damages due to street flooding 
would be reduced, but not eliminated by imple
mentation of this plan in the absence· of other 
measures directed toward reduction of infiltration and 
inflow to sanitary sewers. 

As set forth in Table 24, the total capital cost of the 
water quantity control portion of the limited detention 
storage alternative is estimated to be $16,940,000. 
This cost includes $1,870,000 for construction of the 
water quantity control portion of the detention basin; 
$350,000 for land acquisition; $50,000 for raising the 
grade of Pilgrim Parkway and installing larger cul
verts under the roadway; $1,625,000 for construction 
of the overflow channel and associated culverts; 
$9,400,000 for construction of the diversion box 
culvert and associated easements; $1,540,000 for the 
provision of floodwater storage volume along Under
wood Creek upstream of W. North Avenue, including 
the purchase of buildings and lots; $1,500,000 for the 
provision of floodwater storage volume in the Elm 
Grove Village Park; and $605,000 for floodproofing 
or removal of structures. Assuming an annual interest 
rate of 6 percent, a project life and amortization period 
of 50 years, and annual operation and maintenance 
costs of $36,000 per year, the average annual cost of 
the alternative plan is $1,112,000. The average annual 
flood damage abatement benefit is estimated to be 
$135,000, yielding a benefit-cost ratio of 0.12. 

Additional Alternative Floodland Management 
Plans Evaluated by the Village of Elm Grove 
At the request of the Elm Grove subcommittee of 
the Underwood Creek Task Force, Ruekert & Mielke, 
Inc., the Village engineer, investigated two plans that 
would pump runoff from Dousman Ditch during a 
100-year flood and divert it about two miles to 
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the east, discharging it to Underwood Creek at the 
Milwaukee-Waukesha County line. The preliminary 
evaluation of two alternative plans to divert runoff 
from Dousman Ditch was presented in a February 25, 
1999 letter report from Ruekert & Mielke to the 
Village. This approach to flood control was eliminated 
from further consideration because 1) it would be 
ineffective in providing flood relief to potential 
downstream damage areas in Brookfield and Elm 
Grove and 2) the capital and annual operation and 
maintenance costs would be high. 

Wet Detention Basin for the Control 
of Nonpoint Source Pollution 
As noted above, the proposed wet detention basin 
along Dousman Ditch would be located, as shown on 
Maps 20 through 26. That basin would have a 
permanent pond elevation of about 824 feet above 
NGVD29,29 an area of about 19 acres, and a normal 
pond volume of about 87 acre-feet. The basin would 
be excavated adjacent to Dousman Ditch and no 
dikes wouid be required for the water quality portion 
of the basin. Outflow from the detention basin would 
be controlled by a v-notch weir to produce longer 
residence times for settling of nonpoint source pollu
tants during relatively low flow conditions. Although 
the pond would be the same under Alternative Plan 
Nos. 3 through 11 as described above, certain appur
tenances would differ between alternatives. 

The level of control of nonpoint source pollution 
would vary between the alternatives because some 
would enable the treatment of more runoff than would 
others. The areas tributary to the wet detention basin 
under the various configurations considered are shown 
on Map 18. The tributary area would range from 1.9 
square miles under Alternative Plan Nos. 3, 4, 9, 10, 
and 11 to 2.3 square miles under Alternative Plan 
Nos. 5 through 8. 

The area tributary to the wet detention basin is one of 
the most densely developed portions of the Dousman 

29The permanent pond elevation was estimated using 
data from the large-scale topographic map compiled 
for the area in 1986 at a scale of one inch equals 
200 feet and a contour interval of two feet and also 
based on observations of the average groundwater 
table elevation by property owners along the subject 
reach of Dousman Ditch. The normal pond elevation 
would be equal to the approximate normal ground
water elevation. 



Oitch and Underwood Creek subwatersheds within 
the study area. The tributary area includes one of 
the highest concentrations of critical land uses 
targeted for management of nonpoint source pollution 
under the Menomonee River Priority Watershed 
Study. Critical land uses in the tributary area include 
commercial and governmental and institutional uses. 
Under existing 1990 land use conditions, land uses in 
the area are 24 percent commercial; 1 percent govern
mental and institutional; 38 percent medium- and 
low density residential; and 37 percent open spaces, 
including primary environmental corridor and recrea
tional. Under planned buildout land use conditions, 
land uses in the area are anticipated to be 29 percent 
commercial; 1 percent governmental and institutional; 
46 percent medium- and low-density residential; and 
24 percent open spaces, including primary environ
mental corridor and recreational. 

In addition to calling for controls on nonpoint source 
pollution in runoff from areas of critical existing land 
uses, the priority watershed study also calls for 
controls in areas of planned development. With any of 
Alternative Plan Nos. 3 through 11 implemented, the 
approximate areas of incremental planned develop
ment occurring between 1990 and the achievement 
of buildout conditions which would be treated by 
the detention basin include 78 acres in commercial 
uses, two acres in governmental and institutional 
uses, and 113 acres in medium- and low-density resi
dential uses. 

The levels of control of particulate and total solids, 
and total phosphorus, copper, lead, and zinc under 
each of the alternative plans are summarized in 
Tables 25 through 27. The table compares annual 
loads under existing 1990 and planned buildout land 
use conditions with existing controls to loads under 
those conditions with the detention basin in place.30 

In general, a high level of control of nonpoint source 
pollution would be provided by the detention basin. 
Alternative Plan Nos. 5 through 8 would provide the 

30As already noted, different land areas are treated by 
the wet detention basin under different alternative 
plans; however, to provide a consistent basis for 
comparison, the loads set forth in Tables 25 through 
27 are determined for the same totaI2.3-square-mile 
area for each alternative. That area represents the 
largest area tributary to the detention basin under any 
of the alternative plans. 

highest level of control and they would treat the 
largest land area. Alternative Plan Nos. 4 and 9 would 
provide the next highest level of control. The reduced 
level of control under those alternatives is primarily 
because they were designed to treat a smaller land 
area in order to avoid disturbance of wetlands. 
Alternative Plan Nos. 3, 10, and 11 would provide the 
lowest level of control, although their implementation 
would still result in significant reductions in the 
amounts of nonpoint source pollutants discharged 
from the area tributary to the detention basin. 
Alternative Plan Nos. 3, 10, and 11 would treat 
the same land area as Alternative Plan Nos. 4 and 9, 
but they would provide a lower level of detention 
of runoff because they would not use dikes to 
impound runoff. 

The following section provides a description of the 
appurtenant facilities associated with each different 
wet detention basin system considered under the 
alternatives analysis. 

Wet Detention Basinfor Alternative 
Plan Nos. 3, 10, and 11 31 

Under this alternative, runoff from approximately 
1,240 acres of land would be controlled. Appurtenant 
facilities required for the proper functioning of the wet 
detention basin under this alternative include about 
1,900 lineal feet of access roadslbaffles and an 1,800-
foot-long open channel along the south side of the 
access road, as shown on Map 20. 

The access roadlbaffle would provide access to the 
Underwood trunk sewer manholes which would be 
located within the permanent pond, would divert 
runoff from Subbasin 00-6 into the wet basin, and 
would provide an adequate travel distance for that 
runoff. The provision of that travel distance would 
maximize the settling time for removal of particulate 
pollutants. Subbasin 00-6 includes significant areas 

31Alternative Plan No.3-Limited Detention Stor
age with Structure Floodproofing, Elevation, and 
Removal. Alternative Plan No. 100Limited Dousman 
Ditch Detention Storage, Maximum On-Line Storage, 
Bridge and Culvert Modification, and Structure 
Floodproofing, Elevation, and Removal. Alternative 
Plan No. II-Limited Dousman Ditch Detention 
Storage, Underwood Creek Overflow Channel and 
Diversion, and Compensating Storage with Structure 
Floodproofing and Removal. 
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Table 25 

REDUCTIONS IN NONPOINT SOURCE POLLUTION LOADS 
DUE TO IMPLEMENTATION OF ALTERNATIVE PLAN NOS. 3, 10, AND 11 

Loads for Planned 
Buildout Land 

Use with Existing 
Controls and Percent Reduction 
Proposed 00 Percent Reduction in Load Relative to 

Loads for Existing Loads for Planned Oetention Basin in Load Relative to Load for Planned 
1990 Land Use Buildout Land (runoff from Load for Existing Buildout Land 
with Existing Use with Existing 00-1 through 4, 6, 1990 Land Use with Use with Existing 

Pollutant Controlsa (pounds) Controlsa (pounds) and 7.01) (pounds) Existing Controlsa Controlsa 

Particulate Solids 642,900 693,200 155,600 76 78 
Total Solids 1,863,500 1,967,400 1,429,800 23 27 
Total Phosphorus 1,480 1,800 910 39 49 
Total Copper 2,090 1,810 440 79 76 
Total Lead 1,150 1,380 300 74 78 
Total Zinc 1,200 1,440 760 37 47 

aThe loads and load reductions are applicable to Subbasins 00-1 through 6 and 00-7.01 only. 

Source: SEWRPC. 

Table 26 

REDUCTIONS IN NONPOINT SOURCE POLLUTION LOADS 
DUE TO IMPLEMENTATION OF ALTERNATIVE PLAN NOS. 4 AND 9 

Loads for Planned 
Buildout Land Use 

with Existing Controls Percent Reduction 
and Proposed 00 Percent Reduction in Load Relative to 

Loads for Existing Loads for Planned Oetention Basin in Load Relative to Load for Planned 
1990 Land Use Buildout Land Use (runoff from 00-1 Load for Existing Buildout Land 
with Existing with Existing through 4, 00-6 1990 Land Use with Use with Existing 

Pollutant Controlsa (pounds) Controlsa (pounds) and 7.01) (poundS) Existing Controlsa Controlsa 

Particulate Solids 642,900 693,230 133,000 79 81 
Total Solids 1,863,500 1,967,400 1,407,100 24 28 
Total Phosphorus 1,480 1,800 870 41 52 
Total Copper 2,090 1,810 360 83 80 
Total Lead 1,150 1,380 250 78 82 
Total Zinc 1,200 1,440 730 39 49 

aThe loads and load reductions are applicable to Subbasins 00-1 through 6 and 00-7.01only. 

Source: SEWRPC. 

of commercial development, including Brookfield 
Square shopping center. Thus treatment of that runoff 
is important in achieving the highest practicable 
degree of control of nonpoint source pollution. 

The open channel would convey runoff from Subbasin 
DD-6 to the permanent pond. Construction of the 
channel would require reversing the existing slope of 
a portion of Dousman Ditch to enable flow to occur 
from east to west along the baffle and into the 
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permanent pond. The eastern 500 feet of the channel 
would be excavated beginning at the existing south 
to north channel that conveys runoff from Subbasin 
DD-6 and extending west to the existing Dousman 
Ditch channel. From that point, the streambed slope of 
Dousman Ditch would be reversed for a distance of 
1,300 feet. The open channel would essentially be an 
extension of the pond. The channel would be from 
five to six feet deep and could be parabolic in shape, 
with a top width of35 to 40 feet. 



Table 27 

REDUCTIONS IN NONPOINT SOURCE POLLUTION LOADS 
DUE TO IMPLEMENTATION OF ALTERNATIVE PLAN NOS. 5 THROUGH 8 

loads for Planned 
Buildout land Use 

with Existing Controls Percent Reduction 
and Proposed DO Percent Reduction in load Relative to 

loads for Existing loads for Planned Detention Basin in load Relative to load for Planned 
1990 land Use Buildout land Use (runoff from 00-1 load for Existing Buildout land 
with Existing with Existing through 6 and 7.01) 1990 land Use with Use with Existing 

Pollutant Controlsa (pounds) Controlsa (pounds) (pounds) Existing Controlsa Controlsa 

Particulate Solids 642,900 693,200 2,970 99 99 
Total Solids 1,863,500 1,967,400 1,230,900 34 37 
Total Phosphorus 1,480 1,800 550 63 69 
Total Copper 2,090 1,810 20 99 99 
Total lead 1,150 1,380 20 98 99 
Total Zinc 1,200 1,440 500 58 65 

aThe loads and load reductions are applicable to Subbasins DD-1 through 6 and DD-7.01 only. 

Source: SEWRPC. 

A sediment forebay would be provided in the wet 
detention basin to trap the coarser particulates In a 
localized area, reducing sediment removal costs. 

As set forth in Table 24, the total capital cost of the 
water quality control portions of Alternative Plan 
No.3-Limited Detention Storage with Structure 
Floodproofing, Elevation, and Removal and Alterna
tive Plan No. 10-Limited Dousman Ditch Detention 
Storage, Maximum On-Line Storage, Bridge and 
Culvert Modification, and Structure Floodproof
ing, Elevation, and Removal, is estimated to be 
$2,130,000. This cost includes $1,910,000 for con
struction of the permanent pond, $120,000 for access 
roadslbaffles, $100,000 for the open channel to 
convey runoff to the pond. Assuming an annual 
interest rate of 6 percent and a project life and 
amortization period of 50 years, the average annual 
cost of the water quality control portion of these 
alternative plans, including $9,000 in annual operation 
and maintenance costs is $144,000. 

Wet Detention Basin for Alternative 
Plan Nos. 4 and 9 32 

Under these alternatives, runoff from approximately 
1,240 acres of land would be controlled. The proper 
functioning of the wet detention basin under these 
alternatives would require construction of an 1,800-
foot-long open channel along the south side of the 
access road, as shown on Maps 21 and 26. That open 
channel would have the same characteristics and 
function as the channel called for under Alternative 
Plan Nos. 3, 10, and 11. Similar access roadslbaffles 
would also be required; however, those would also be 
needed for the water quantity control portion of the 

32Alternative Plan No.4-Detention Storage with 
Excavation Minimized, No Wetland Disturbance, and 
Structure Floodproofing, Elevation, and Removal. 
Alternative Plan No. 9-Two-Basin Detention Storage 
with Excavation Minimized, No Wetland Disturbance, 
and Structure Floodproofing and Elevation. 
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basin even if the permanent pond were not con
structed. Thus, their cost was assigned to the water 
quantity control portion ofthe plan. 

A sediment forebay would be provided in the wet 
detention basin to trap the coarser particulates in a 
localized area, reducing sediment removal costs. 

As set forth in Table 24, the total capital cost of 
the water quality control portions of Alternative Plan 
No.4-Detention Storage with Excavation Mini
mized, No Wetland Disturbance, and Structure Flood
proofing, Elevation, and Removal, and Alternative 
Plan No.9-Two-Basin Detention Storage with 
Excavation Minimized, No Wetland Disturbance, and 
Structure Floodproofing and Elevation, is estimated 
to be $2,010,000. This cost includes $1,910,000 for 
construction of the permanent pond and $100,000 for 
the open channel to convey runoff to the pond. 
Assuming an annual interest rate of 6 percent and a 
project life and amortization period of 50 years, the 
average annual cost of the water quality control 
portion of these alternative plans, including $9,000 in 
annual operation and maintenance costs is $137,000. 

Wet Detention Basin for Alternative 
Plan Nos. 5 and 7 33 

Under these alternatives, runoff from approximately 
1,480 acres of land would be controlled. Appurtenant 
facilities required for the proper functioning of the wet 
detention basin under these alternative plans include a 
2,700-foot-Iong open channel along the south side of 
the access road, as shown on Maps 22 and 24. That 
open channel would have similar characteristics and 
functions as the channel called for under Alternative 
Plan Nos. 3, 4, 9, 10, and 11 but it would be extended 
to the east to Pilgrim Parkway to enable the convey
ance of runoff from Subbasin DD-5 to the permanent 
pond. That subbasin is located east of Pilgrim Park
way/N. Moorland Road and north and south of 
W. Bluemound Road and it includes a mix of com
mercial and residential land uses. Access roadslbaffles 
would be required; however, those would also be 
needed for the water quantity control portion of the 

33Alternative Plan No.5-Expanded Detention 
Storage with Excavation Minimized and Structure 
Floodproojing, Elevation, and Removal. Alternative 
Plan No. 7-Two-Basin Detention Storage with 
Excavation Minimized and Structure Floodproojing, 
Elevation, and Removal. 
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basin even if the permanent pond were not con
structed. Thus, their cost was assigned to the water 
quantity control portion of the plan. 

The access roadlbaffle would provide an adequate 
travel distance for runoff from Subbasins DD-5 and 
DD-6, maximizing the settling time for removal of 
particulate pollutants. 

The open channel would convey runoff from Sub
basins DD-5 and DD-6 to the permanent pond. 
Construction of the channel would require reversing 
the existing slope of a portion of Dousman Ditch to 
enable flow to occur from east to west along the baffle 
and into the permanent pond. The eastern 1,400 feet 
of the channel would be excavated beginning just 
west of Pilgrim Parkway and extending west to the 
existing Dousman Ditch channel. From that point, the 
streambed slope of Dousman Ditch would be reversed 
for a distance of 1,300 feet. 

A sediment forebay would be provided in the wet 
detention basin to trap the coarser particulates in a 
localized area, reducing sediment removal costs. 

As set forth in Table 24, the total capital cost of the 
water quality control portions of Alternative Plan 
No.5-Expanded Detention Storage with Excavation 
Minimized and Structure Floodproofing, Elevation, 
and Removal, and Alternative Plan No.7-Two
Basin Detention Storage with Excavation Minimized 
and Structure Floodproofing, Elevation, and Removal, 
is estimated to be $2,060,000. This cost includes 
$1,910,000 for construction of the permanent pond 
and $150,000 for the open channel to convey runoff 
to the pond. Assuming an annual interest rate of 
6 percent and a project life and amortization period 
of 50 years, the average annual cost of the water 
quality control portion of these alternative plans, 
including $9,000 in annual operation and maintenance 
costs is $140,000. 

Wet Detention Basinfor Alternative 
Plan Nos. 6 and 8 
Under these alternatives, runoff from approximately 
1,480 acres of land would be controlled. These 
alternative plans call for excavation of the area south 
of Dousman Ditch, as shown on Maps 23 and 25. 
Thus, construction of an open channel to convey 
runoff to the permanent pond is not necessary. Access 
roadslbaffles would be required; however, those 
would also be needed for the water quantity control 



portion of the basin even if the permanent pond were 
not constructed. Thus, their cost was assigned to the 
water quantity control portion ofthe plan. 

The access roadlbaffle would provide an adequate 
travel distance for runoff from Subbasins DD-5 and 
DD-6, maximizing the settling time for removal of 
particulate pollutants. A sediment forebay would be 
provided in the wet detention basin to trap the coarser 
particulates in a localized area, reducing sediment 
removal costs. 

As set forth in Table 24, the total capital cost of the 
water quality control portions of Alternative Plan 
No.6-Expanded Detention Storage with Excavation 
Maximized and Structure Floodproofing, Elevation, 
and Removal, and Alternative Plan No.8-Expanded 
Two-Basin Detention Storage with Excavation Maxi
mized and Structure Floodproofing, Elevation, and 
Removal, is estimated to be $1,910,000 for con
struction of the permanent pond. Assuming an annual 
interest rate of 6 percent and a project life and 
amortization period of 50 years, the average annual 
cost of the water quality control portion of these 
alternative plans, including $9,000 in annual operation 
and maintenance costs is $130,000. 

Stormwater Management Issues Related to the 
Alternative Plans that Call for Detention Basins 
The alternative detention basin configurations must 
be evaluated in the context of the tributary minor and 
major stormwater drainage systems in order to ensure 
the proper functioning of the overall system. Ideally, 
the detention basin would not restrict the hydraulic 
capacities of the culverts, storm sewers, and open 
channels tributary to the basin. The impacts of the 
alternative detention basin configurations were evalu
ated at the following locations in Elm Grove: 1) the 
area along Verdant Drive and 2) the areas tributary to 
the culverts under Pilgrim Parkway at Cascade Drive, 
Westover Road, and Pilgrim Park Middle School and 
the following locations in Brookfield: 3) the areas 
tributary to an open channel that conveys runoff from 
the Brookfield Square shopping center and adjacent 
commercial lands, 4) the areas tributary to the storm 
sewer outfall at Onondoga Circle and Indianwood 
Drive, and 5) the Starbridge Subdivision. 

Alternative Plan Nos. 1 and 2 do not call for the 
construction of a detention basin; therefore, they 
create no restriction on tributary hydraulic capacities. 

Under Alternative Plan Nos. 3, 10, and 11 the 10- and 
100-year recurrence interval flood stages would be 
reduced in the south detention basin area and along 
Dousman Ditch south of Gebhardt Road in compari
son to existing channel conditions, but those flood 
stages would remain about the same at the culverts 
under Pilgrim Parkway east of Verdant Drive. Thus, 
the implementation of Alternative Plan Nos. 3, 10, 
and 11 would serve to improve the drainage of run
off from the tributary lands enumerated under Items 
2 through 5 above and it would maintain the exist
ing stages at the culverts draining the area along 
Verdant Drive. 

The implementation of Alternative Plan No.4 would 
increase the 10- and 100-year flood stages in the south 
detention basin area, would maintain the existing 
flood stages at the culverts draining the area along 
Verdant Drive, and would decrease flood stages in the 
reach of Dousman Ditch south of Gebhardt Road. 
Thus, that alternative would cause no change in the 
Verdant Drive area, would further restrict the drainage 
of runoff from the tributary lands enumerated under 
Item 3 above and would improve drainage from the 
lands listed under Items 2, 4, and 5. 

The implementation of Alternative Plan Nos. 5 
through 8 would increase the 10- and 100-year recur
rence interval flood stages in the south detention 
basin area and at the culverts under Pilgrim Parkway 
east of Verdant Drive in comparison to existing chan
nel conditions, but it would decrease stages along 
Dousman Ditch south of Gebhardt Road. Thus, those 
alternatives would serve to restrict the drainage of 
runoff from the tributary lands listed under Items 1 
and 3 above, but would improve drainage from the 
lands listed under Items 2,4, and 5. 

In comparison to existing channel conditions, 
Alternative Plan No.9 would increase the 10- and 
100-year recurrence interval flood stages in the south 
detention basin area and would maintain the existing 
flood stages both at the culverts draining the area 
along Verdant Drive and in the vicinity of the 
proposed north detention basin located south of 
Gebhardt Road. Thus, this alternative would cause no 
change in the areas listed under Items 1, 2, 4, and 5 
and would further restrict the drainage of runoff from 
the tributary lands enumerated under Item 3 above. 

In those instances where a given detention basin 
alternative would restrict hydraulic capacities of the 
tributary storm water drainage system, additional 
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remedial measures for the drainage system could be 
necessary. In general, those measures could include 
runoff storage, runoff conveyance, or storm water 
pumping measures designed to offset the effects of 
increased flood stages along the receiving stream. The 
need for such additional measures is greatest in the 
area of Elm Grove near Verdant Drive. Such measures 
would increase the cost of the overall stormwater 
management and floodland management system. 
Alternative Plan Nos. 3, 4, 9, 10, and 11 would be the 
most compatible with providing a reliable solution to 
the Verdant area problems at the lowest cost. 

Regulatory Issues Related to the Alternative 
Plans that Call for Detention Basins 
Dam Safety 
It is likely that the proposed dikes and associated 
spillways attendant to the . construction of each of 
the detention basins called for under Alternative Plan 
Nos. 4 through 9 would be regulated as dams under 
Chapter NR 333 of the Wisconsin Administrative 
Code, "Dam Design and Construction Standards." 
Chapter NR 333 generally applies to dams with a 
structural height greater than six feet and a maximum 
storage capacity of 50 acre-feet or more. In Chap
ter NR 333, the structural height of a dam is defined 
as "the difference in elevation in feet between the 
lowest elevation on the top of the dike and the lowest 
elevation of the natural streambed at the downstream 
toe of the dam" and the maximum storage capacity of 
a dam is defined as "the volume of water in acre
feet capable of being stored behind a dam at the 
maximum water surface elevation before overtopping 
would occur." 

In addition, Chapter NR 333 defines a minor dam 
as one "with less than 15 feet of structural height 
and less than 300 acre-feet of maximum storage 
capacity" and a major dam as one "with 15 feet or 
more of structural height, or 300 acre-feet or more of 
maximum storage capacity." 

For each of the alternative south detention basin 
configurations, the dikes would have structural 
heights greater than six feet and maximum storage 
capacities greater than 300 acre-feet. Thus, they 
would be classified as major dams under Chapter NR 
333. Each of the alternative north detention basin 
configurations would have dikes with structural 
heights greater than six feet and maximum storage 
capacities between 50 and 300 acre-feet. Therefore, 
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they would be regulated under Chapter NR 333 and 
they would be classified as minor dams?4 

The main consequences of regulation under Chap
ter NR 333 are the need to meet stringent structural 
and hydraulic design standards and a requirement to 
establish additional floodplain zoning districts for 
developed and undeveloped areas downstream of the 
dam.35

•
36 Chapter NR 333 also requires that an 

emergency action plan be prepared for the area 
downstream of the dam which could be affected by a 
dam failure. 

Permits for Activities in or Adjacent to Navigable 
Waters of the State of Wisconsin 
It is likely that the implementation of Alternative Plan 
Nos. 3 through 11, each of which calls for the con
struction of detention basins, would require permits 
from the State of Wisconsin under Chapter 30, 
''Navigable Waters, Harbors, and Navigation" and/or 
Chapter 31, "Regulation of Dams and Bridges Affect
ing Navigable Waters," of the Wisconsin Statutes. 

Wetlands 
In cases where permits would be required under 
Chapters 30 or 31 of the Wisconsin Statutes, and 

34While the peak volumes of water stored in the north 
detention basins during the JOO-year flood are about 
40 acre-feet under Alternative Plan Nos. 7 and 8, the 
maximum storage volumes would exceed 50 acre-feet 
during larger floods when the water surface in the 
basins would approach the top of the dike. 

35 It appears that the dams proposed under the 
alternative plans could be classified as high hazard 
dams according to the criteria of Chapter NR 333. 
Minor, high hazard dams must have a minimum total 
spillway discharge capacity equal to the 500-year 
recurrence interval flood flow and major, high hazard 
dams must have a minimum total spillway discharge 
capacity equal to the 1,000-year floodflow. 

36Chapter NR 116, "Wisconsin's Floodplain Manage
ment Program," of the Wisconsin Administrative 
Code requires that "developed areas downstream of 
a safe dam be zoned and regulated assuming that 
the dam is in place during the regional (1 DO-year 
recurrence interval) flood" and that "undeveloped 
areas downstream of a safe dam be zoned and 
regulated assuming that the dam does not exist. " 



where activities are proposed in wetlands, the criteria 
and standards of Chapter NR 103 of the Wisconsin 
Administrative Code, "Water Quality Standards for 
Wetlands," would be used by the WDNR in the 
evaluation of the project. Chapter NR 103 generally 
prohibits activities which could significantly harm 
the functional values of wetlands?7 Where such 
activities are proposed, a practicable alternatives 
analysis is required to explore actions which may 
accomplish the objectives of a project while mini
mizing or avoiding adverse impacts on wetlands. 
Approval by the WDNR of a project in a wetland is 
dependent on whether or not the project would cause 
significant adverse impacts to the wetland. 

Alternative Plan Nos. 1 through 4, and 9 involve 
no direct disturbance of wetlands. Alternative Plan 
Nos. 5 through 8, 10, and II call for some wetland 
disturbance, through dike or open channel con
struction or through the provision of floodwater 
storage along Underwood Creek. Under Alternative 
Plan Nos. 5 through 8, the wetland disturbance is 
generally required to achieve a higher degree of 
control of nonpoint source pollution and flood flows. 
Under Alternative Plan Nos. 10 and 11, the wetland 
disturbance is required to achieve a higher degree 
of control of flood flows. All of the plans except 
Alternatives Plan Nos. I and 2 have the potential to 
result in a net increase in wetland area, depending on 
the final design. The relative merits of the alternative 
plans regarding wetland disturbance are evaluated in a 
subsequent section of this chapter. 

COMPARISON AND EV ALUATION 
OF FLOODLAND MANAGEMENT 
ALTERNATIVE PLANS 1 THROUGH 11 

The alternative plans were compared with respect to 
cost, ability to be implemented; potential impacts on, 
and compatibility with, the storm water management 
system; potential environmental impacts; potential 

37 As set forth in Chapter NR 103, wetland functional 
values include: 1) stormwater andjloodwater storage; 
2) hydrologic functions, including groundwater 
discharge and recharge and maintenance of basejlow; 
3) filtration or storage of sediments, nutrients, or toxic 
substances; 4) shoreline protection against erosion; 
5) habitat for aquatic organisms; 6) habitat for 
wildlife species; and 7) recreational, cultural, 
educational, scientific, and natural aesthetic values 
and uses. 

impacts on public health and safety; and potential 
impacts on the downtown business and commercial 
area in the Village of Elm Grove. The costs of the 
alternative plans are provided in Table 24. A 
comparison of various decision criteria is provided in 
Table 28. 

In order to facilitate the evaluation of alternative 
plans, the II alternatives were grouped relative to 
the general approach that they would employ in the 
solution of flooding problems. Alternative Plan No. 1-
Structure Floodproofing, Elevation, and Removal and 
Alternative Plan No.2-Acquisition and Removal 
of Floodprone Structures fall in the group of "non
structural alternatives." Alternative Plan Nos. 3 
through 9 each call a combination of some degree of 
new detention storage along the . upper reach of 
Dousman Ditch along with varying degrees of 
structure floodproofing, elevation, and removal. Thus, 
those alternatives are classified as "storage/ non
structural alternatives." Alternative Plan No. 10-
Limited Dousman Ditch Detention Storage, Bridge 
and Culvert Modification, and Maximum On-Line 
Storage with Structure Floodproofing, Elevation, and 
Removal shares characteristics of the "storage/non
structural alternatives" and of Alternative Plan 
No. II-Limited Dousman Ditch Detention Storage, 
Underwood Creek Overflow Channel and Diversion, 
and Compensating Storage, with Structure Flood
proofing and Removal. Alternative No. lOis appro
priately grouped with Alternative No. II as a 
"storage/conveyance" alternative because both alter
natives expand on the storage/nonstructural alterna
tives by adding floodwater storage and conveyance 
features that are designed to reduce the number of 
buildings in the 100-year floodplain, and, thus, the 
number of buildings to be floodproofed, elevated, or 
removed. However, Alternative No. 10 can also be 
compared to the "storage/nonstructural alternatives" 
group because it calls for a degree of application of 
non structural measures similar to that of Alternative 
Nos. 4 through 9. 

Where possible, the evaluation of alternatives was 
focused by selecting one alternative, or a combination 
of alternatives, from each group. As explained below, 
it is unlikely that a pure floodproofing and elevation 
alternative would be implemented. Therefore, the 
"non structural" alternatives (Nos. 1 and 2) were 
combined as described below. The "storage/ 
nonstructural alternatives" represented by Nos. 4 
through 9 generally have similar capital and operation 
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Table 28 

COMPARISON OF DECISION FACTORS IN THE EVALUATION ALTERNATIVE FLOODLAND MANAGEMENT AND ASSOCIATED NONPOINT 
SOURCE POLLUTION CONTROL PLANS FOR UNDERWOOD CREEK IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 

Criterion 1 2 3 4 5 6 7 8 9 

Does 
Alternative Permit 
Development of Does Number of 
5OD-Foot Zone Alternative Buildings in 

Change in North of Proposed Call for the Number of the 100-Year 
Nonpoint 100-Year Wisconsin Avenue Construction Buildings in Floodplain 
Source Flood Stage Extension without ofa Dam and the 100-Year that Are to Alternative Causes 

Flood Pollution within South the Provision of Compliance Floodplain that Be Elevated Increased Tailwater 

10 

Benefit-Cost 
Ratio of 

Wetland Easement Control Detention Compensatory with Chapter Are to Be or Acquired Elevation on Certain Flood Control 
Alternative Disturbance? Required?a Provided? Basin (feetlb Storage? NR333? Floodproofedc and Removedc,d Tributary Culverts Element 

No. l-Structure Flood- No No No -- No No 40 6 No 1.08 
proofing and Elevation 

No.2-Acquisition and No No No -- No No 
__ e --e No 0.11 

Removal of Floodprone 
Structures 

No.3-Limited Detention No No Yes -0.4 to -1.9 Yes No 35 6 No 0.52 
Storage Primarily for 
Water Quality Control 
with Structure Flood-
proofing and Elevation 

No.4-Detention Storage No Yes Yes 0.0 to 2.4 Yes Yes 35 4 Yes 0.30 
with Excavation Mini-
mized, No Wetland 
Disturbance, and 
Structure Floodproofing 
and Elevation 

No. 5--Expanded Detention Yes Yes Yes 0.0 to 2.8 Yes Yes 34 4 Yes 0.29 
Storage with Excavation 
Minimized and Structure 
Floodproofing and 
Elevation 

No. 5--Expanded Detention Yes Yes Yes 0.0 to 1.8 Yes Yes 34 4 Yes 0.24 
Storage with Excavation 
Maximized and 
Structure Floodproofing 
and Elevation 

No. 7--€xpanded Two- Yes Yes Yes 0.0 to 2.8 Yes Yes 33 4 Yes 0.25 
Basin Detention Storage 
with Excavation 
Minimized and Structure 
Floodproofing 
and Elevation 



Table 28 (continued) 

Criterion 1 2 3 4 5 6 7 8 

Does 
Alternative Permit 
Development of Does Number of 
500-Foot Zone Alternative Buildings in 

Change in North of Proposed Call for the Number of the 100-Year 
Nonpoint 100-Year Wisconsin Avenue Construction Buildings in Floodplain 
Source Flood Stage Extension without ofa Dam and the 100-Year that Are to 

Flood Pollution within South the Provision of Cornpliance Floodplain that Be Elevated 
Wetland Easement Control Detention Compensatory with Chapter Are to Be or Acquired 

Alternative Disturbance? Required?a Provided? Basin (feet)b Storage? NR 333? Floodproofedc and Removedc,d 

No. B-Expanded Two- Yes Yes Yes 0.0 to 1.8 Yes Yes 33 4 
Basin Detention Storage 
with Excavation 
Maximized and Struc-
ture Floodproofing 
and Elevation 

No.9-Two Basin Deten- No Yes Yes 0.0 to 2.4 Yes Yes 30 3 
tion Storage with 
Excavation Minimized, 
No Wetland Disturb-
ance, and Structure 
Floodproofing 

No. 1O-t.imited Dousman Yes Yes Yes -0.4to-1.9 Yes No 29 3 
Ditch Detention Storage, 
Bridge and Culvert 
Modification, and 
Maximum On-Line 
Storage with Structure 
Flood-proofing, 
Elevation, and Removal 

No. 11- Limited Dousman Yes No Yes -0.4 to -1.9 Yes No 21 1 
Ditch Detention Storage, 
Underwood Creek 
Overflow Channel and 
Diversion, and 
Compensating Storage 
with Structure Flood-
proofing and Removal 

a'nc'udes only those cases where flood easements are required under Chapter NR 116 of the Wisconsin Administrative Code and under local zoning ordinances. 

bRelative to planned land use, existing channel conditions. 

9 10 

Alternative Causes Benefit-Cost 
Increased Tailwater Ratio of 
Elevation on Certain Flood Control 
Tributary Culverts Element 

Yes 0.21 

Yes 0.29 

No 0.21 

No 0.12 

cAs additional data became available during review of the alternative plans by the Underwood Creek Flooding Task Force, including the acquisition of new large-scale topographic maps, refinements were made 
to the total number of buildings in the 100-year floodplain. The information presented in this table was used for comparison of alternative plans. The final data on the number of flooded buildings and damage amounts 
is presented in Chapter VI, "Recommended Stormwater Management System Plan. " 

dOne building is to be acquired and removed, except under Alternative No.9, where no buildings are to be acquired. 

eFifty buildings are to be acquired and removed from the 10o-year recurrence interval floodplain under this alternative plan. 

Source: SEWRPC. 



and maintenance costs, all of which are higher than 
those of Alternative No.3. Furthermore, Alternative 
No.3 is the most implementable of the "storage/ 
nonstructural alternatives" group because it uses 
existing wetland and other floodplain storage and 
minimizes excavation and trucking of fill. Also, 
Alternative No.3 provides a reasonable-while not 
the maximum-level of control of nonpoint source 
pollution and offsets the impact of future development 
on downstream flows and stages while improving 
outlet conditions for needed local storm water drainage 
projects. Thus, Alternative Plan. No.3-Limited 
Detention Storage with Structure Floodproofing, 
Elevation, and Removal, was selected for evaluation 
from the "storage/non structural alternatives" group. 
The similarity of Alternative No. 10 to Nos. 4 through 
9 from the "storage/non structural alternatives" group 
leads to the selection Alternative No.3 for further 
consideration over Alternative No. 10. However, since 
the two alternatives in the "storage/conveyance" 
group (Nos. 10 and 11) differ significantly in cost 
and in the number of buildings where flooding 
problems would have to be addressed through 
nonstructural approaches, both Alternative Nos. 10 
and 11 were retained for further consideration. 

Costs 
Because the water quality control costs associated 
with each alternative are similar and ,because the water 
quality benefits are not readily subject to monetary 
quantification, only the alternative plan costs and 
benefits for water quantity control are compared here. 
The degree of control of nonpoint source pollution 
afforded by each alternative plan is considered in a 
subsequent section. 

The degree to which floodproofing or elevation is 
an effective or practical solution for each individual 
structure cannot be determined at the systems plan
ning level. It is likely that such a non structural 
solution to the resolution of flooding problems, which 
is a component of each of the 11 alternative plans, 
would ultimately be a combination of two approaches, 
with some buildings being floodproofed or elevated 
and some being purchased and removed. A com
bination approach is anticipated because the final 
determination of the feasibility of floodproofing 
individual structures requires a specific evaluation of 
each building to determine what floodproofing 
approaches and features are required. When such an 
evaluation is made, it is possible that certain buildings 
would be found to be unsuited to the application of 
floodproofing measures, or that the required flood-
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proofing measures would be unacceptable to indi
vidual property owners because implementation of the 
measures would unsatisfactorily restrict the use of the 
building. An example is the possible determination 
that the only feasible means of floodproofing a house 
would be to abandon the basement entirely and 
relocate all utilities and basement appliances to an 
upper level. It could also be found that some of the 
necessary floodproofing measures would be con
sidered too costly relative to the perceived benefit 
from their implementation. In such cases, acquisition 
ofthe structure might be a preferred alternative. 

The range of capital costs and the benefit-cost 
comparison associated with each of the alternatives 
selected for further analysis is shown in Table 29. The 
capital cost of Alternative Plan No. I-Structure 
Floodproofing, Elevation, and Removal, is estimated 
to be about $2 million and the capital cost of 
Alternative Plan No.2-Acquisition and Removal of 
Floodprone Structures, is estimated to be about $20 
million. Since it is unlikely that No. 1 could be fully 
implemented, as described above, it is appropriate for 
evaluation purposes to combine Alternative Nos. 1 
and 2 in to a plan that would have an estimated cost 
between $2 and $20 million dollars. 

Applying the reasoning set forth above regarding the 
likelihood of complete implementation offloodproof
ing, the water quantity control cost of Alternative 
No.3-Limited Detention Storage with Structure 
Floodproofing, Elevation, and Removal, could range 
from about $4.1 million, assuming that most struc
tures remaining in the floodplain would be flood
proofed as described in Table 24, to $20.0 million if 
all buildings designated to be floodproofed or elevated 
were purchased. The water quantity control cost of 
Alternative No. 1 ()-;...Limited Dousman Ditch Deten
tion Storage, Bridge and Culvert Modification, and 
Maximum On-Line Storage with Structure Flood
proofing, Elevation, and Removal, could range from 
about $9.9 million to $22.5 million if all buildings 
designated to be floodproofed or elevated were 
purchased. The water quantity control cost of Alter
native No. II-Limited Dousman Ditch Detention 
Storage, Underwood Creek Overflow Channel and 
Diversion, and Compensating Storage, with Structure 
Floodproofing and Removal, could range from about 
$16.9 million to $25.3 million if all buildings desig
nated to be floodproofed or elevated were purchased. 
Thus, when the potential cost ranges of the alter
natives are considered, the cost differences between 
the alternatives are narrowed. However, the relative 



Table 29 

POSSIBLE RANGES OF CAPITAL COSTS FOR 
SELECTED FLOODLAND MANAGEMENT ALTERNATIVE PLANS 

Possible Capital Cost Rangea 

Alternative (million dollars) Range of Benefit-Cost Ratio 

No.1 and No. 2-Combined Structure 2.0b to 20.0c 0.11 to 1.08 
Floodproofing, Elevation, and 
Acquisition and Removal 

No.3-Limited Detention Storage with 4.1 b to 20.0c 0.11 to 0.52 
Structure Floodproofing, Elevation, 
and Removal 

No. 1O-Limited Dousman Ditch Detention 9.9b to 22.5c 0.09 to 0.21 
Storage, Bridge and Culvert 
Modification, and Maximum On-Line 
Storage with Structure Floodproofing, 
Elevation, and Removal 

No. 11-Limited Dousman Ditch Detention 16.9b to 25.3c 0.08 to 0.12 
Storage, Underwood Creek Overflow 
Channel and Diversion, and Compen-
sating Storage with Structure 
Floodproofing and Removal 

aCosts are based upon 1998 Engineering News Record Construction Cost Index = 6,740. 

bBase water quantity capital cost from Table 24. 

CEstimated total capital cost if buildings were to be acquired and removed rather than floodproofed. 

Source: SEWRPC. 

ranking of the alternatives would be unchanged with 
the combination of Alternative Nos. I and 2 being the 
least costly, followed in order by Alternative Nos. 3, 
10, and 11. 

Nonmonetary Advantages and 
Disadvantages of the Alternative Plans 
The ideal combination of the characteristics listed 
in Table 28 in terms of the ability to implement the 
flood land management portion of the project would 

be one that would not disturb wetlands; would provide 
significant control of nonpoint source pollution; 
would require no flood easements; would permit 
development in the 500-foot zone north of the 
proposed extension of Wisconsin Avenue without the 
provision of compensatory storage; would avoid 
construction of a dam and, thus, would not require, 
compliance with Chapter NR 333 of the Wisconsin 
Administrative Code regarding dam safety; would 
minimize the number of buildings to be flood-
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proofed, elevated, or acquired;38 would not increase 
the tailwater elevation on tributary culverts and storm 
sewers during floods; and would have a reasonable 
relationship between benefits and costS?9 

As set forth in Tables 25 through 27, all of the 
alternative plans, except for the combination of Alter
native Nos. 1 and 2, provide significant levels of 
control of nonpoint source pollution. 

While none of the alternative plans meets all of the 
favorable criteria, Alternative Plan Nos. 3 and 11 most 
fully satisfy the criteria. The nonquantifiable decision 

38With the exception of Alternative Plan No.2, each of 
the alternatives calls for floodproofing a significant 
number of structures. Because such floodproofing 
would be voluntary, complete implementation of such 
a program may be difficult and, therefore, there may 
be the possibility of residual flooding of buildings. An 
objection is often raised to floodproofing and eleva
tion because it has generally been considered a 
private cost to be borne by the property owner. If 
the City and Village would offer incentives for flood
proofing, the implementability of these alternatives 
would increase. Another potential impact of the 
residual street flooding under any of the alternatives 
is secondary basement flooding of buildings outside 
the 100-year recurrence interval floodplain. Such 
secondary flooding could occur because of backup of 
sanitary sewers or through infiltration through base
ment walls and floors. The causes of secondary flood
ing would be partially addressed through flood
proofing, elevation, or removal of structures in the 
100-year floodplain, through the provision of the 
stormwater drainage improvements described subse
quently in this report, and through the City and 
Village programs to physically modify the Underwood 
trunk and local sanitary sewers to reduce infiltration 
and inflow. 

39An additional issue related to the evaluation of 
floodland management plans is the effect which 
each alternative plan would have on the frequency 
and duration of flooding of the Bluemound Road 
Golf Range property. The impacts of each alterna
tive plan on the proposed golf range are evaluated 
in Appendix D. Of all the alternatives being consid
ered in this section, the implementation of Alternative 
Plan Nos. 3, 10, and 11 would be expected to limit 
sustained flooding of the golf range site to the 
greatest degree. 

150 

criteria designated in Table 28 as criteria 1, 2, 3, 5, 6, 
and 9 are all favorably addressed by Alternative Plan 
No.3. In addition, that alternative would decrease the 
100-year flood stage in the south detention basin, as 
evaluated with criterion 4. With the exception of the 
wetland disturbance criterion, Alternative Plan No. 11 
is similar to Alternative No.3 as regards satisfaction 
of the nonquantifiable criteria. Alternative No. 11 
would involve the least amount of floodproofing, 
elevation, and removal of structures and, because it 
would reduce 100-year flood stages to the greatest 
degree, the feasibility of floodproofing would be 
enhanced, reducing the potential need for acquisition 
and removal. 

The combination of Alternative Nos. 1 and 2 and 
Alternative No. 10 each meet the nonquantifiable 
criteria to a lesser degree. Implementation of the 
combination of Alternative Nos. 1 and 2 would 
require additional measures for control of nonpoint 
source pollution, would require the provision of 
compensatory storage for development in the 500-foot 
zone north of the proposed extension of Wisconsin 
Avenue, and would involve the greatest degree of 
floodproofing, elevation, and removal of structures. 
Implementation of Alternative No. 10 would require 
obtaining flood easements and could involve wet
land disturbance. 

A final nonquantifiable consideration is the effect of 
implementation of the recommended plan on the 
downtown business and commercial district of the 
Village of Elm Grove, which is an important compo
nent of the character of the Village. Alternatives 
that have the potential to require the acquisition 
and removal of a significant number of buildings 
in that district are obviously less desirable from the 
perspective of maintaining the viability of the 
business district. Alternative No. 11, which minimizes 
the potential of floodproofing, elevation, and removal, 
is the most favorable approach relative to 
minimizing impacts on the business district. This 
alternative is also favorable in that it reduces the 
severity and frequency of flooding of structures 
that remain in the floodplain, thus making tloodproof
ing more practical. 

Selection of the Preliminary Recommended 
Floodland Management Plan for the Dousman 
Ditch and Underwood Creek Subwatersheds 
As set forth above, the preliminary recommended 
tloodland management. plan was selected based on 
the input from the Underwood Creek Task Force 



members and local officials; on the ability to meet 
the principles, objectives, and standards set forth in 
Chapter III of this report; on the ability to positively 
influence the solution of storm water drainage prob
lems; on compatibility with stormwater drainage 
problem solutions; consideration of the impacts on 
the downtown business district in the Village of Elm 
Grove; and on the evaluation of the supplementary 
criteria set forth in Table 28 regarding: 

• Wetland impacts 

• The need for flood easements 

• Control of nonpoint source pollution 

• Increasing the 100-year flood stage 

• The ability to permit development in the 500-
foot zone north of the proposed extension of 
Wisconsin Avenue without the provision of 
compensatory storage 

• The avoidance of construction of a dam and 
compliance with Chapter NR 333 of the 
Wisconsin Administrative Code regarding 
dam safety, 

• Minimization of the number of buildings to be 
floodproofed, elevated, or removed, 

• Not increasing the tailwater elevation on 
tributary culverts and storm sewers during 
floods, and 

• Consideration of benefits and costs. 

Based on the evaluation, Alternative Plan No. 11-
Limited Dousman Ditch Detention Storage, Under
wood Creek Overflow Channel and Diversion, and 
Compensating Storage with Structure Floodproofing 
and Removal was selected as the preliminary recom
mended plan. The components of that plan are shown 
graphically on Maps 20 and 28. 

ALTERNATIVE STORMWATER 
DRAINAGE PLANS 

Introduction 
As indicated in Chapter II, the study area is close to 
being fully developed. Thus, the alternative plans 
set forth below are primarily intended to address 

problems with the existing storm water drainage 
system. Alternative measures for control of nonpoint 
source pollution and stream bank erosion and 
streambed scour were set forth in Chapter IV and in 
previous sections of this chapter. Where those 
measures are directly related to alternative drainage 
measures, they are considered in formulation of the 
alternative drainage plans. The water quality and 
quantity management plan components are integrated 
in Chapter VI, which presents the overall recom
mended plan for the subwatersheds. 

Utilizing the alternative stormwater management 
measures described above, the following general 
alternative stormwater drainage approaches were 
developed for the solution of problems throughout the 
Underwood Creek and Dousman Ditch subwater
sheds: 1) Culvert, Roadside Swale, and Storm Sewer 
Conveyance; and 2) Detention Storage with Culvert, 
Roadside Swale, and Storm Sewer Conveyance. Each 
alternative storm water management approach pro
poses preservation of environmental corridors and 
the wetlands and floodplains contained within those 
corridors. The main components of each approach 
would supplement the existing system of storm sew
ers, culverts, roadside swales, and detention storage 
facilities. In three hydrologic units, a storm water 
pumping approach was considered due to unusual 
drainage system conditions which either precluded a 
gravity solution or resulted in a relatively expensive 
gravity solution. In one hydrologic unit acquisition 
and removal of structures was considered as an 
alternative plan. 

In order to compare and evaluate the alternative 
stormwater management plans, the Underwood Creek 
and Dousman Ditch subwatersheds were divided into 
23 hydrologic units. Each unit was composed of 
subbasins tributary to the same reach of Underwood 
Creek or Dousman Ditch. A description of individual 
components and the estimated costs are presented for 
each hydrologic unit under each alternative plan.40 

The hydrologic unit boundaries are shown on Map 12. 

Stormwater Drainage System Costs 
The base unit cost data are presented in Chapter III 
and Appendix A of this report. The costs presented 
below reflect only the stormwater drainage plan ele-

40The computation of the present value costs of the 
alternatives are based on an assumed project life of 
50 years and an annual interest rate of6 percent. 
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ment and do not include costs for nonpoint source 
pollution abatement measures. Costs for the entire 
stormwater management system plan, including those 
for nonpoint source pollution abatement measures, are 
presented in Chapter VI, which describes the overall 
recommended storm water management plan. 

Evaluation of Alternative Stormwater Drainage 
Plans and Selection of the Preliminary 
Recommended Plan for Each Hydrologic Unit 
The following sections of this report describe the 
components of the alternative and preliminary 
recommended plans for each hydrologic unit. 

Hydrologic Unit DD-1 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit DD-l is a 113-acre area located in 
the extreme southwestern portion of the Dousman 
Ditch subwatershed in the area generally north of 
W. Bluemound Road and west of Calhoun Road, as 
shown on Map 12. Approximately 30 percent of the 
hydrologic unit is located in the City of Brookfield 
and 70 percent is in the Town of Brookfield. 

About 74 percent of the hydrologic unit was devel
oped in urban land uses under existing (1990) land use 
conditions with about 55 percent in commercial uses, 
15 percent in low-density residential uses, and the 
remaining 4 percent in governmental and communi
cation and utilities. The remaining 26 percent of the 
unit was in open space use. Under planned buildout 
land use conditions, the open space area, or about 
26 percent of the total area, would be converted to 
medium-density residential use. 

The storm water drainage system in the unit consists 
of storm sewers and two private detention basins 
serving primarily commercial development in the 
Town of Brookfield. 

Plan Recommendations 
No deficiencies in the public stormwater management 
system were identified and no new storm water 
management measures are recommended for this 
hydrologic unit. 

Hydrologic Unit DD-2 
Description and Evaluation 0/ the 
Stormwater Management System 
Hydrologic Unit DD-2 is a 323-acre area located in 
the western portion of the Dousman Ditch 
subwatershed in the area north of Hydrologic Unit 
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DD-l and west of Calhoun Road, as shown on 
Map 12. About 85 percent of the hydrologic unit is 
located in the City of Brookfield and about 15 percent 
is in the Town of Brookfield. 

The hydrologic unit was essentially fully developed 
under existing 1990 land use conditions. About 
40 percent of the land area of the unit consists of 
primary environmental corridor which is predomi
nantly wetlands. About 50 percent of the unit is 
developed in low-density residential uses and the 
remaining 10 percent is in medium-density residential 
uses. 

The stormwater drainage system in the unit consists of 
ditch enclosures and roadside swales. 

Two portions of the system were identified as having 
inadequate minor system capacity: 1) the 44-foot
long, 18-inch-diameter CMP cross culvert under 
Patricia Lane on the west side of Calhoun Road and 
2) the 108-foot-long, 21-inch-diameter section ofRCP 
storm sewer in Lucy Circle north of Evergreen Court. 

Alternative Stormwater Drainage Plans 
The identified localized problems can readily be 
solved through the provision of relatively small 
increases in the hydraulic capacities of the inade
quate pipes. Thus, the development of alternative 
plans is not considered to be necessary and a culvert 
and storm sewer conveyance plan was developed as 
described below. 

Recommended Stormwater Drainage 
Plan/or Hydrologic Unit DD-2 
It is recommended that the 18-inch-diameter CMP 
cross culvert under Patricia Lane be replaced with a 
21-inch-diameter CMP and that the 108-foot-long, 21-
inch-diameter RCP storm sewer in Lucy Circle be 
replaced with a 24-inch RCP, as shown on Map 29. 

Preservation of the wetlands and woodlands in the 
primary environmental corridor is recommended. 
Those wetlands provide beneficial storage of runoff 
in the headwaters of Dousman Ditch. 

As set forth in Table 30, the total capital cost of this 
alternative is estimated to be $14,000. The present 
value cost is also estimated to be $14,000, since 
implementation of the recommendations would not 
result in an increase in annual operation and mainte
nance costs. 
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Map 29 

PRELIMINARY RECOMMENDED PLAN FOR HYDROLOGIC UNIT 00-2 
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Table 30 

COMPONENTS AND COSTS OF THE CULVERT AND STORM SEWER 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT DD-2 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. DD2C1-Replace 44 feet of 18-inch CMP culvert under $ 3,000 $0 
Patricia Lane at Calhoun Road with 21-inch CMP 

2. DD2C1 1-Replace 108 feet of 21-inch concrete storm 11,000 0 
sewer in Lucy Circle north of Evergreen Court with 
24-inch RCP storm sewer 

Total $14,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Hydrologic Unit DD-3 
Description and Evaluation 0/ the 
Stormwater Management System 
Hydrologic Unit DD-3 is a 152-acre area located in 
the southern portion of the Dousman Ditch subwater
shed in the area east of Calhoun Road and north and 
south of W. Bluemound Road, as shown on Map 12. 
The entire hydrologic unit is located in the City 
of Brookfield. 

About 75 percent of the hydrologic unit is developed 
in urban uses under existing (1990) land use 
conditions with about 50 percent of the total area in 
commercial uses and about 25 percent in low-density 
residential uses. The rural uses include about 18 per
cent open space, 3 percent wetland, and the remaining 
area in agricultural uses. Under planned buildout land 
use conditions, the open and agricultural land is 
anticipated to be developed in commercial and 
medium-density residential uses, resulting in about 
69 percent of the unit being in commercial uses, about 
25 percent in low-density residential uses, about 
3 percent in medium-density residential uses, and 
3 percent in wetlands. 
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The stormwater drainage system in the unit consists 
of storm sewers in the northern two-thirds in and 
adjacent to W. Bluemound Road and open ditches and 
ditch enclosures in the southern one-third of low
density residential development. 

Plan Recommendations 
No stormwater drainage problems were identified in 
this hydrologic unit. It is recommended that the 
wetlands in the hydrologic unit be preserved. 

Hydrologic Unit DD-4 
Description and Evaluation 0/ the 
Stormwater Management System 
Hydrologic Unit DD-4 is a 173-acre area located in 
the area east of Calhoun Road and north of W. 
Bluemound Road, as shown on Map 12. The entire 
hydrologic unit is located in the City of Brookfield. 

About 30 percent of the hydrologic UnIt IS a pri
mary environmental corridor, which is predominantly 
a wetland, but also includes some upland woodlands. 



Under existing (1990) land use conditions about 
45 percent of the total area is in low-density resi
dential uses and 25 percent is in open space. Under 
planned buildout land use conditions, the open land 
is anticipated to be developed in low- and medium
density residential uses, resulting in about 55 percent 
of the unit being in low-density residential uses, 
about 15 percent in medium-density residential uses, 
and 30 percent remaining in primary environmen
tal corridor. 

The storm water drainage system in the unit consists of 
storm sewers and areas of overland flow that dis
charge to the wetlands. 

Plan Recommendations 
No stormwater drainage problems were identified in 
this hydrologic unit. Preservation of the wetlands 
and woodlands in the primary environmental corridor 
is recommended. 

Hydrologic Unit DD-5 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit 00-5 is a 240-acre area located in 
the extreme southeastern portion of the Dousman 
Ditch subwatershed in the area east of Pilgrim 
ParkwaylMoorland Road and north and south of 
W. Bluemound Road, as shown on Map 12. Approxi
mately 60 percent of the hydrologic unit is located in 
the City of Brookfield and 40 percent is in the Village 
of Elm Grove. 

The hydrologic unit is almost completely developed 
under existing (1990) land use conditions with 
about 80 percent of the unit being in low-density 
residential uses, 10 percent in commercial uses, and 
the remaining 10 percent in governmental, medium
density residential, and recreational uses. 

The storm water drainage system in the unit consists of 
storm sewers in and adjacent to W. Bluemound Road; 
open ditches, cross culverts, and ditch enclosures in 
Brookfield, south of W. Bluemound Road; and open 
ditches and cross culverts in Elm Grove. Runoff from 
the entire unit drains to a ditch and culvert system in 
Elm Grove in the vicinity of Verdant Drive. From 
upstream to downstream, that culvert system consists 
of a 165-foot-Iong, 18-inch-diameter CMP culvert in 
the east Verdant Drive ditch north of the main east
west ditch; two parallel 38-foot-Iong, 33-inch-high by 
49-inch-wide CMPA culverts under Verdant Drive; an 
open channel with a length of about 220 feet; a 257-

foot-long, 48-inch-diameter CMP culvert in parallel 
with a 257-foot-long, 36-inch-diameter CMP culvert, 
both located in an easement between an office 
building and the parking lot of an Ace hardware store; 
and two parallel 52-foot-Iong, 33-inch-high by 49-
inch-wide CMPA culverts under Pilgrim Parkway. 
The system discharges to an open channel on the 
west side of Pilgrim Parkway, which flows to the 
north for about 1,300 feet before discharging to 
Dousman Ditch. 

The major system in the vicinity of Verdant Drive has 
inadequate capacity due to obstruction of the overland 
flow path to the receiving channel on the west side of 
Pilgrim Parkway as development occurred between 
Verdant Drive and Pilgrim Parkway. Under current 
conditions, runoff from the entire 240-acre hydrologic 
unit collects along Verdant Drive and, during large 
storms, that portion of the runoff in excess of the 
capacity of the existing culverts ponds to a depth of 
about four feet above the low point in Verdant Drive. 
There are 12 houses along Verdant Drive that could 
experience flooding during large storms. During the 
storm of June 20 and 21, 1997, basement flooding 
occurred, and during the larger storm of August 6, 
1998, first floor flooding and/or basement flooding 
were reported. 

Alternative Stormwater Drainage Plans 
Three alternative plans were developed for the 
alleviation of drainage problems during storms with 
recurrence intervals up to, and including, 100 years. 
Those include: 1) a culvert, roadside swale, and 
storm sewer conveyance plan, 2) a pumping plan, and 
3) acquisition and removal of the affected houses. 

A detention storage alternative was investigated, but 
was found to be impractical. Due to downstream 
constraints on the elevation of a detention basin outlet, 
the detention volume could not be created solely 
through excavation. Thus, such an alternative would 
require dike construction and the periodic impound
ment of water on the Elm Grove Lutheran Church 
school grounds. Within the constraints imposed by the 
existing development in the vicinity of the detention 
basin site, it was found that a large enough volume of 
storage could not be provided to avoid the need 
to replace or supplement the existing downstream 
culverts that convey flow from the hydrologic unit. 

Hydrologic modeling of the Dousman Ditch and 
Underwood Creek subwatersheds demonstrated that 
the provision of increased hydraulic capacity at 
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the hydrologic unit outlet would not significantly 
increase downstream 100-year recurrence interval 
flood flows, because the storage volume in wetlands 
and flood lands downstream from the hydrologic unit 
is sufficient to offset the elimination of localized 
storage volume in the flooded area along Verdant 
Drive that would occur if the hydraulic capacity at the 
hydrologic unit outlet were increased. 

Alternative Plan No. DD-5a-Culvert, 
Roadside Swale, and Storm Sewer Conveyance 
Under this alternative plan, the hydraulic capacities 
of selected storm sewers and culverts would be 
upgraded, as set forth in Table 31 and as shown 
on Map 30. The recommended measures are intended 
to alleviate major system problems during a 100-
year storm. 

In the Verdant Drive area, the system of culverts 
would be upgraded, beginning on the east side of 
Verdant Drive, and extending to the west side of 
Pilgrim Parkway. The objective of that upgrade would 
be to provide adequate hydraulic capacity to convey 
the peak rate of runoff during a 100-year storm so 
that the water surface elevation would be limited 
to the approximate elevation of the low point in 
the Verdant Drive and direct structure flooding would 
be eliminated. 

From upstream to downstream, the alternative 
improvements to the culvert system consist of 
replacement of the 18-inch-diameter CMP in the east 
Verdant Drive ditch with two parallel 165-foot
long, 22-inch-high by 36-inch-wide CMPA culverts; 
supplementing the two parallel 33-inch-high by 49-
inch-wide CMPA culverts under Verdant Drive with 
two additional 38-foot-Iong, 22-inch-high by 36-inch
wide CMPA culverts; and constructing a 330-foot
long, four-foot-high by eight-foot-wide reinforced 
concrete box culvert next to the existing parallel CMP 
and CMPA culverts which are located downstream of 
the open ditch in the easement between the office 
building and the parking lot of the Ace hardware 
store and under Pilgrim Parkway. Installation of the 
culvert pipes may require obtaining additional drain
age easements. Some modification of the existing 
channel between Verdant Drive and the proposed box 
culvert would be required to accommodate the 
proposed culverts. 

A minor system problem was identified outside of 
the Verdant Drive area at the intersection of Mount 
Vernon Avenue and Westmoor Drive where the 
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existing 30-foot-Iong, 15-inch-diameter CMP culvert 
under Mount Vernon on the west side of Westmoor 
has inadequate hydraulic capacity to convey the 
peak rate of runoff from a 10-year storm without 
overtopping the roadway. Adequate minor system 
capacity could be achieved through replacement of the 
existing pipe with an 18-inch-diameter CMP culvert. 

The total present value cost of this alternative is 
estimated to be $310,000. This is based upon an 
estimated capital cost of $307,000 and an estimated 
annual operation and maintenance cost increase 
of $220. 

Alternative Plan No. DD-5b-Stormwater Pumping 
As shown on Map 31, under this alternative 
plan, the planned configuration of the culverts in 
the immediate vicinity of Verdant Drive would be 
the same as under Alternative Plan No. DD-5a. From 
upstream to downstream, the improvements to the 
culvert system consist of replacement of the 18-inch
diameter CMP in the east Verdant Drive ditch 
with two parallel 165-foot-Iong, 22-inch-high by 
36-inch-wide CMPA culverts and supplementing 
the two parallel 33-inch-high by 49-inch-wide 
CMP A culverts under Verdant Drive with two 
additional 38-foot-Iong, 22-inch-high by 36-inch-wide 
CMP A culverts. 

The additional hydraulic capacity needed to convey 
the peak rate of runoff from a 100-year storm 
would be provided by a storm water pump station 
located west of Verdant Drive and south of the 
existing east-west ditch. The pump station would 
discharge to the ditch on the west side of Pilgrim 
Parkway through a 400-foot-Iong, 48-inch-diameter 
RCP force main. The force main would be located 
on private property and would require easements 
from affected property owners. Some modification 
of the existing channel between Verdant Drive and 
the proposed pump station would be required to 
accommodate the proposed culverts and pump station. 
The pump station would be provided with a backup 
power source that would automatically be activated 
in the event ofa power failure. 

The components of this alternative plan are set forth 
in Table 32. As with Alternative No. DD-5a, the 
recommended measures are intended to alleviate 
major system problems during a 100-year storm. 

The solution to the minor system problem identified 
at the intersection of Mount Vernon Avenue and 
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Table 31 

COMPONENTS AND COSTS OF THE CULVERT, ROADSIDE SWALE, AND 
STORM SEWER CONVEYANCE ALTERNATIVE PLAN FOR HYDROLOGIC UNIT 00-5 

(ALTERNATIVE PLAN NO. DO-Sa) 

Estimated Costa 

Location of 
Component Project and Component Designation and Description 

Village of Elm Grove 1. DD5C24-Replace 165 feet of 18-inch CMP culvert on 
N. Verdant Drive north of Watertown Plank Road with 
twin 22-inch by 36-inch CMPA 

2. DD5C25-Retain the 38-foot-long, twin 33-inch by 49-
inch CMPA culverts crossing N. Verdant Drive north 
of Watertown Plank Road and add two parallel 22-
inch by 36-inch CMPA 

3. DD5C33/A-Retain one 257-foot-long, 48-inch CMP 
culvert and one 257-foot-long, 36-inch CMP north of 
Watertown Plank Road east of Pilgrim Parkway and 
add a 270-foot-long, four-foot by eight-foot reinforced 
concrete (RC) box 

4. DD5C33D/E-Retain the two 52-foot-long, 49-inch by 
33-inch CMPA culvert crossing Pilgrim Parkway north 
of Watertown Plank Road and add a 60-foot-long, 
four-foot by eight-foot RC box 

Subtotal 

City of Brookfield 5. DD5C26-Replace 30 feet of 15-inch CMP culvert 
crossing Mt. Vernon Avenue west of Westmoor Drive 
with 18-inch CMP 

-- Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

Annual 
Operation and 

Capitalb Maintenancec 

$ 40,000 $ 90 

10,000 40 

210,000 70 

45,000 20 

$305,000 $220 

$ 2,000 $ 0 

$307,000 $220 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Westmoor Drive would be the same as described 
under Alternative No. DD-5a. Adequate minor system 
capacity could be achieved through replacement of 
the existing pipe under Mount Vernon with an 18-
inch-diameter CMP culvert. 

The total present value cost of this alternative is 
estimated at $2,863,000. This is based upon an 
estimated capital cost of $2,722,000 and an esti-

mated annual operation and maintenance cost increase 
of$8,930. 

Alternative Plan No. DD-5c
Structure Acquisition and Removal 
This alternative calls for the purchase and removal of 
the three existing houses along Verdant Drive that 
could be directly flooded during a 100-year storm. 
Those houses are located at 675, 725, and 755 
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Map 30 

ALTERNATIVE PLAN DD·5a 
CULVERT, ROADSIDE SWALE, AND STORM SEWER CONVEYANCE 
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Table 32 

COMPONENTS AND COSTS OF THE STORMWATER 
PUMPING ALTERNATIVE PLAN FOR HYDROLOGIC UNIT 00-5 

(ALTERNATIVE PLAN NO. DD-5b) 

Estimated Costa 

Annual 
Location of Operation and 
Component Component Designation and Description Capitalb Maintenancec 

Village of Elm Grove 1. Construct stormwater pump station with 160 cfs $2,600,000 $8,700 
pumping capacity 

2. 400 feet of 48-inch-diameter reinforced concrete 70,000 100 
force main 

3. Same as Items 1 and 2 of Alternative No. DD-5a 50,000 130 

Subtotal $2,720,000 $8,930 

City of Brookfield 4. Same as Item 5 of Alternative No. DD-5a $ 2,000 $ 0 

- - Total $2,722,000 $8,930 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b'nc'udes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is rep/aced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Verdant Drive, as shown on Map 32. Following 
purchase and removal of the houses, the three Jots 
would be maintained in open space use. 

The estimated total cost of purchase and removal of 
the houses is $870,000. That cost is based on the fair 
market value of the houses and lots, plus relocation 
expenses paid to the owner, the cost of demolition 
or relocation of the structure, and miscellaneous 
administrative expenses. 

Evaluation of Alternative 
Stormwater Drainage Plans 
The foregoing information provides a basis for a 
comparative evaluation of the three alternative plans. 
The principal criteria for the comparative evaluation 
were cost, implementability, and degree of protection. 

Alternative Plan No. DD-5a is the least costly of the 
three alternatives. 

Full implementation of Alternative Plan No. DD-5c is 
likely to be more difficult than implementation of 
the other alternatives, since it would require the 
acquisition of three houses. Alternative Plan Nos. DD-
5a and 5b would both require obtaining drainage 
easements from several property owners for the 
installation of pipes, but because some of those 
owners would directly benefit from implementation of 
the alternatives, it is likely that the easements could be 
readily obtained. 

Nine additional houses along Verdant Drive are 
susceptible to flooding during storms greater than 
the 100-year storm, such as those that occurred on 
June20and21, 1997,andAugust6, 1998. While each 
of the alternative plans provides protection from direct 
overland flooding of structures during storms with 
recurrence intervals, up to and including, 100-years, 
only Alternative Plan Nos. DD-5a and DD-5b would 
also mitigate to some degree the effects of flooding 
during greater storms. 
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Preliminary Recommended Stormwater 
Drainage Plan for Hydrologic Unit DD-5 
Based on cost, implementability, and degree of 
protection, Alternative Plan No. DD-5a-Culvert, 
Roadside Swale, and Storm Sewer Conveyance, is 
selected as the preliminary recommended plan. 

Hydrologic Unit DD-6 
Description and Evaluation of the 
Storm water Management System 
Hydrologic Unit 00-6 is a I92-acre area located 
predominantly southwest of the intersection of Pilgrim 
Parkway/Moorland Road and W. Bluemound Road, as 
shown on Map 12. Almost the entire unit is located in 
the City of Brookfield. 

The hydrologic unit is almost completely developed 
under existing (1990) land use conditions, with the. 
exception of about 2 percent which is wetland and 
4 percent which is in open uses. About 81 percent of 
the unit is in commercial uses, including the Brook
field Square shopping center and nearby businesses; 
8 percent is in recreational (golf course) use; and the 
remaining 6 percent in low-density residential uses. 
Under planned buildout conditions, the existing open 
land would be converted to commercial uses, resulting 
in 85 percent of the unit being in commercial uses. 

The storm water drainage system consists predomi
nantly of storm sewers with a portion being drained 
by an unnamed tributary to Dousman Ditch which 
flows through a wetland east of Executive Drive, 
upstream of the Brookfield Square shopping center. 
That stream discharges to the main 60- to 72-inch
diameter RCP storm sewer which runs through the 
west parking lot of the shopping center before 
discharging to an 84-inch-diameter RCP storm 
sewer under W. Bluemound Road, followed by a six
foot by six-foot reinforced concrete box culvert that 
discharges to a previously-modified open channel 
section of the tributary to Dousman Ditch. 

Plan Recommendations 
No stormwater drainage problems were identified in 
this hydrologic unit. Preservation of the natural stream 
and the adjacent wetlands west of the Brookfield 
Square shopping center is recommended. 

Hydrologic Unit DD-7 
Description and Evaluation of the 
Storm water Management System 
Hydrologic Unit 00-7 is a 354-acre area centered 
around Dousman Ditch in the central portion of the 

subwatershed. The unit is located north of W. Blue
mound Road and both east and west of Pilgrim 
Parkway, as shown on Map 12. About 80 percent of 
the hydrologic unit is located in the City of Brookfield 
and about 20 percent is in the Village of Elm Grove. 

Under 1990 land use conditions, about 58 percent of 
the unit was in rural uses with 16 percent of the unit 
being wetlands or water, 35 percent being in 
agricultural uses, and 7 percent being in open lands. 
Most of the rural lands are located in a primary 
environmental corridor along Dousman Ditch. The 
urban development in the unit consisted of about 
27 percent low-density residential, 10 percent com
mercial, 3 percent high-density residential, and 2 per
cent recreational. Under buildout conditions, some of 
the agricultural and open lands would be converted 
to commercial and medium-density residential uses, 
resulting in urban uses in about 60 percent of the 
unit. The primary environmental corridor, including 
existing wetlands, would comprise about 40 percent of 
the unit, commercial uses about 16 percent, low
density residential about 27 percent, medium-density 
residential about 12 percent, high-density residential 
about 3 percent, and recreational about 2 percent. 

West of Pilgrim Parkway in the City of Brookfield, 
the storm water drainage system consists of agri
cultural ditches that receive runoff from overland 
flow or from a system of roadside swales and ditch 
enclosures in the northwest corner of the unit and 
then convey that flow to Dousman Ditch. East of 
Pilgrim Parkway in the Village of Elm Grove, the 
storm water drainage system consists of a system of 
roadside swales and cross culverts which direct runoff 
to storm sewers in or near Hidden Glen Court, Red 
Fox Lane, and Briaridge Court in the Squires Grove 
Subdivision. Those storm sewers convey runoff to a 
pond that discharges through an open channel 
followed by a 36-inch-diameter CMP culvert under 
Pilgrim Parkway and another short open channel that 
flows into Dousman Ditch. 

Inadequate major system capacity was identified in 
the vicinity of Briaridge Court and Terrace Drive. 
Runoff in excess of the capacity of the existing 24-
inch-diameter storm sewer would pond in a mid-block 
sag in Briaridge Court. 

Alternative Storm water Drainage Plans 
The identified localized problems can readily be 
solved through the provision of increases in the 
hydraulic capacities of several of the existing storm 
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Table 33 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE PLAN FOR HYDROLOGIC UNIT 00-7 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

Village of Elm Grove 1. DD7C3-Replace 318 feet of 24-inch storm sewer east $ 55,000 $0 
of Briaridge Court with 27-inch by 44-inch RCPA 
storm sewer 

2. DD7C4-Replace 295 feet of 24-inch corrugated 51,000 0 
polyethylene storm sewer west of Briaridge Court 
with 27-inch by 44-inch RCPA storm sewer 

Total $106,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b'nc'udes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

sewers located upstream of the existing pond and the 
Dousman Ditch floodplain. The floodplain area pro
vides storage of runoff. The development of alterna
tive plans is not considered to be necessary and a 
culvert and storm sewer conveyance plan was 
developed as described below. 

Preliminary Recommended Stormwater 
Drainage Plan/or Hydrologic Unit DD-7 
It is recommended that the 318 feet of 24-inch
diameter RCP storm sewer located in an easement 
from Terrace Drive to Briaridge Court and in 
Briaridge Court and the 295 feet of corrugated 
polyethylene pipe located in an easement between 
Briaridge Court and the pond be replaced with 613 
feet of 27-inch-high by 44-inch-wide reinforced 
concrete pipe arch (RCPA) storm sewer, as shown on 
Map 33. 

As set forth in Table 33, the total capital cost of 
this plan is estimated to be $106,000. The present 
value cost is also estimated to be $106,000, since 
implementation of the recommendations would not 

result in an increase in annual operation and mainte
nance costs. 

Hydrologic Unit DD-8 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit DD-8 is a 314-acre area centered 
around Dousman Ditch in the central portion of the 
subwatershed. The unit is located south of Gebhardt 
Road on either side of Pilgrim Parkway, as shown on 
Map 12. About 60 percent of the hydrologic unit is 
located in the City of Brookfield and about 40 percent 
is in the Village of Elm Grove. 

Under 1990 land use conditions, about 31 percent of 
the unit was in rural uses with 14 percent of the unit 
being wetlands or water, 3 percent being woodlands, 
and 14 percent being in open lands. Most of the rural 
lands are located in a primary environmental corridor 
along Dousman Ditch. The urban development in the 
unit consisted of about 60 percent low-density resi
dential and about 9 percent governmental and institu
tional. Under buildout conditions, some of the open 
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lands would be converted to low-density residential 
uses, resulting in urban uses in about 74 percent of the 
unit. The primary environmental corridor, including 
existing wetlands, would comprise about 26 percent of 
the unit, low-density residential about 65 percent, and 
government and institutional about 9 percent. 

West of Pilgrim Parkway in the City of Brookfield, 
the storm water drainage system consists of a com
bination of roadside swales with cross culverts, road
side swales and ditch enclosures, and storm sewers 
that convey runoff to the wetland along Dousman 
Ditch, and ultimately to the Ditch itself. East of 
Pilgrim Parkway in the Village of Elm Grove, the 
stormwater drainage system along Cascade Drive and 
Westover Road consists of roadside swales and cross 
culverts which direct runoff to Pilgrim Parkway where 
cross culverts convey runoff under the Parkway to 
Dousman Ditch. 

Inadequate minor and major system capacity was 
identified in the vicinity of Indianwood Drive and 
Onondaga Circle. Runoff from that area discharges 
to a wetland in the floodplain of Dousman Ditch. The 
400-foot-long, 24-inch-diameter corrugated polyethy
lene storm sewer outfall from that area has inadequate 
capacity to convey the peak rate of runoff during a 10-
year storm. In addition, there is no adequate overland 
flow path during a 100-year storm. The overland flow 
path was restricted after 1995 when three houses were 
constructed along the east side ofIndianwood Drive at 
its "T" intersection with Onondaga Circle. The 1998 
large-scale topographic map for the area indicates that 
the filling associated with development of the lots 
causes runoff in excess of the capacity of the 24-inch
diameter storm sewer to pond to an elevation that 
would flood Indianwood Drive and would have a 
maximum depth of about four feet above the low 

. point in the eastern roadside swale before overflow to 
the wetland would begin. 

Inadequate minor and major system capacity was also 
identified in the vicinity of Victoria Circle North in 
the Village of Elm Grove. Under existing conditions 
runoff ponds in a mid-block sag in Victoria Circle 
North. Because the upstream invert of the 15-inch
diameter CMP storm sewer at the sag is about two feet 
higher than the bottom of the sag, runoff cannot 
adequately drain from the area under existing con
ditions. In addition, two newer houses along the north 
side of Victoria Circle North, and adjacent to a 
wetland that is less than two acres in area, were 
constructed with partially exposed basements that 

were subject to direct overland flooding in 1997 and 
1998. An abandoned tennis court at the Pilgrim Park 
Middle School is located at the west end of the 
wetland. The tennis court and the adjacent ground are 
about two to 2.5 feet above the wetland and about two 
feet above the exposed basement floor elevation at the 
lower of the two houses that have been flooded. The 
obstruction created by the tennis courts contributes to 
flooding of the houses by obstructing outflow and 
causing water to pond in the wetland. 

Alternative Stormwater Drainage Plans for the 
Indianwood Drive/Onondaga Circle Area 
Three alternative plans were considered for the 
alleviation of drainage problems in the Indianwood 
Drive/Onondaga Circle area during storms with 
recurrence intervals up to, and including, 100 years. 
Those include: 1) a storm sewer conveyance and 
stormwater pumping plan, 2) a storm sewer convey
ance and overflow swale plan, and 3) a storm sewer 
conveyance and building acquisition plan. 

The measures considered area are generally intended 
to alleviate major system problems during a 100-year 
storm and to alleviate sanitary sewer backup problems 
by reducing ponding in streets during storms with 
recurrence intervals up to, and including, 100 years. 
The solution of the stormwater drainage problems in 
this area would be facilitated by the construction of 
the Dousman Ditch detention basin as recommended 
under the floodland management element of this plan. 
Construction of that basin could reduce 100-year 
flood stages along Dousman Ditch adjacent to the 
IndianwoodlOnondaga area by about 0.1 foot, margin
ally reducing backwater effects caused by Dousman 
Ditch. 

Alternative Plan No. DD-8a-
Storm Sewer Conveyance and Stormwater Pumping 
Under this alternative plan, the storm sewer outfall 
from the area would be replaced and stormwater 
pumping facilities would be provided, as set forth in 
Table 34 and as shown on Map 34. 

In order to provide gravity drainage during storms 
with recurrence intervals up to, and including 10 
years, this alternative calls for the existing 24-inch
diameter storm sewer in the drainage easement 
between Indianwood Drive and the wetland along 
Dousman Ditch to be replaced with a 27-inch-high by 
44-inch-wide RCPA storm sewer. Adequate major 
system capacity would be provided through con-
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Table 34 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE AND STORMWATER PUMPING PLAN 
FOR THE INDIANWOOD/ONONDAGA AREA OF HYDROLOGIC UNIT DD-8 

(ALTERNATIVE PLAN NO. DD-8a) 

Estimated Costa 

Annual 
Location of Operation and 
Component Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. Construct stormwater pump station with 25 cfs $580,000 $9,000 
pumping capacity 

2. 400 feet of 30-inch-diameter RCP force main 35,000 
__ d 

3. DD8C5-Replace 400 feet of 24-inch corrugated 70,000 0 
polyethylene storm sewer with 27-inch by 44-inch 
RCPA storm sewer 

Total $685,000 $9,000 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

dCost included with pump station. 

Source: SEWRPC. 

struction of a storm water pump station with a 
pumping capacity of about 25 cubic feet per second 
(cfs) near the intersection of Indianwood Drive and 
Onondaga Circle. The discharge line for the pump 
station would be a 400-foot-Iong, 30-inch-diameter 
RCP force main. As set forth in Table 34, the total 
present value cost of this alternative is estimated to be 
$827,000, consisting of an estimated capital cost of 
$685,000 and an estimated annual operation and 
maintenance cost increase of $9,000. 

Alternative Plan No. DD-8b---Storm 
Sewer Conveyance, and Overflow Swale 
Under this alternative plan, the storm sewer outfall 
from the area would be replaced and an overflow 
swale would be constructed between houses on the 
east side of Indianwood Drive. 

An overflow swale would be constructed with the 
intent of providing adequate major system capacity. 
However, it was found that, given the available space 
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between houses, adequate capacity could not be 
obtained in the swale. Therefore, this alternative was 
not developed further. 

Alternative Plan No. DD-8c-
Storm Sewer Conveyance and Building Acquisition 
Under this alternative plan, the storm sewer outfall 
from the area would be replaced and a house and lot 
would be acquired to provide an adequate overland 
flow path as shown on Map 35. 

As under Alternative Plan Nos. DD-8a and 8b, the 
existing 24-inch-diameter storm sewer in the drainage 
easement east of Indianwood Drive would be replaced 
with a 27-inch-high by 44-inch-wide. RCPA storm 
sewer. Adequate major system capacity would be 
provided by purchasing and demolishing one of the 
houses of the houses along the east side of Indian
wood Drive. Removal of a house would enable the 
conveyance of runoff in excess of the replacement 
storm sewer capacity. As set forth in Table 35, the 
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Map 35 

ALTERNATIVE PLAN NO. DD-Se 
STORM SEWER CONVEYANCE AND BUILDING ACQUISITION IN THE INDIANWOOD/ONONDAGA AREA 
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Table 35 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE AND BUILDING ACQUISITION 
ALTERNATIVE PLAN FOR THE INDIANWOOD/ONONDAGA AREA OF HYDROLOGIC UNIT 00-8 

(ALTERNATIVE PLAN NO. DD-8e) 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. DD8C5-Replace 400 feet of 24-inch corrugated $ 70,000 $ 0 
polyethylene storm sewer with 27-inch by 44-inch 
RCPA storm sewer 

2. House and lot acquisition 270,000 0 

3. Lot and ditch regrading and landscaping 15,000 500 

Total $355,000 $500 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

total present value cost of this alternative is estimated 
to be $363,000, consisting of an estimated capital cost 
of $355,000 and an estimated annual operation and 
maintenance cost increase of $500. 

Evaluation of Alternative Stormwater Drainage 
Plans in the Indianwood Drive/Onondaga Circle Area 
The foregoing information provides a basis for a 
comparative evaluation of the two alternative plans. 
The principal criteria for the comparative evaluation 
were cost and implementability. The alternatives pro
vide similar levels of protection. 

Alternative Plan No. DD-8c is the least costly 
alternative. However, full implementation of Alterna
tive Plan No. DD-Sc is likely to be more difficult than 
implementation of Alternative Plan No. DO-Sa, since 
it would require the acquisition of a house. 

Preliminary Recommended Stormwater Drainage 
Plan for the Indianwood Drive/Onondaga 
Circle Portion of Hydrologic Unit DD-8 
Based on cost, Alternative Plan No.DD-Sc-Storm 
Sewer Conveyance and Building Acquisition, is 
selected as the preliminary recommended plan. If it 

were not possible to acquire the necessary house and 
lot, Alternative Plan No. Sa could be implemented. 

Stormwater Drainage Plan for the 
Victoria Circle North Area 
Two alternative plans were developed for the allevia
tion of drainage problems in the Victoria Circle North 
area during storms with recurrence intervals up to, 
and including, 100 years. These plans were synthe
sized from several alternatives that were developed 
by Ruekert & Mielke, Inc., the Elm Grove Village 
engineer, at the request of the Village. Those alterna
tives provided varying levels of protection, which 
were generally less than the 100-year standard 
adopted for the major system under this planning 
effort. Thus, it was necessary to combine various 
components to obtain a plan to provide a 100-year 
level of protection. The alternatives evaluated by the 
Village included various combinations of conveyance, 
storm water pumping, flood proofing of houses, and 
road grade raises. The final alternative that was 
independently chosen by the Village for implemen
tation calls for the installation of a 18-inch-diameter 
RCP storm sewer beginning at the low point in 

169 



Victoria Circle North and extending to a location 
about 1,400 feet downstream where it would dis
charge to the existing 27-inch-wide by 44-inch-high 
CMPA storm sewer that currently drains the Victoria 
Circle area. A new 12-inch-diameter RCP, approxi
mately 50 feet long, would be installed from the 
wetland area north of Victoria Circle North to the new 
18-inch pipe. The 12-inch pipe would be provided 
with a backwater gate to avoid flooding of the wetland 
and the two adjacent houses due to backwater from 
Dousman Ditch. Two alternative plans that expand on 
the Village alternative to provide a 100-year level of 
protection were developed for this planning effort. 
The alternative plans include: 1) a storm sewer and 
swale conveyance with structure floodproofing plan 
and 2) a storm sewer conveyance and structure 
floodproofing plan. 

The measures considered area are generally intended 
to reduce major system problems during a 100-year 
storm. The solution of the stormwater drainage 
problems in this area would be facilitated by the 
construction of the Dousman Ditch detention basin as 
recommended under the floodland management 
element of this plan. Construction of that basin. could 
reduce 100-year flood stages along Dousman Ditch 
adjacent to the IndianwoodiOnondaga area by about 
0.1 foot, marginally reducing backwater effects 
caused by Dousman Ditch. 

Alternative Plan No. DD-8d-Storm Sewer and 
Swale Conveyance with Structure Floodproofing 
Under this alternative plan, a portion of the storm 
sewer in Victoria Circle North would be replaced as 
noted above, an overflow swale would be constructed 
to convey excess runoff from the wetland, and limited 
structure floodproofing measures would be imple
mented to protect the two buildings on the north side 
of Victoria Circle North, as set forth in Table 36 and 
as shown on Map 36. 

In order to provide gravity drainage during storms 
with recurrence intervals up to, and including 10 
years, this alternative calls for 340 feet of the existing 
15-inch-diameter CMP in Victoria Circle North to be 
replaced with an 18-inch-diameter polyvinyl chloride 
(PVC) storm sewer that would have a total length of 
about 1,400 feet and would connect to the existing 
downstream 27-inch-wide by 44-inch-high CMPA 
storm sewer. The abandoned tennis courts would be 
removed and a grass-lined, trapezoidal swale with a 
6O-foot-wide bottom would be constructed from the 
west end of the wetland to a location 570 feet down-
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stream on the grounds of the Pilgrim Park Middle 
School. Swale construction may require some recon
figuration of athletic fields at the middle school. 
Disturbance of the wetland would be avoided and the 
upstream invert elevation of the swale would be set 
such that the low and normal flow hydrology of the 
wetland would not be disturbed. Finally, structure 
floodproofing measures would be implemented to 
protect the basements of the two houses from possible 
flooding to a depth of less than 0.5 foot during a 100-
year storm. 

Under this alternative, some of the runoff that is now 
stored in the wetland, and which creates the flooding 
problem at the two houses, would be stored on the 
Pilgrim Park Middle School grounds, which are 
currently in the floodplain of Dousman Ditch. Storage 
of runoff on open portions of the school grounds 
would serve to mitigate any increases in flows due to 
reducing the storage in the wetland. 

As set forth in Table 36, the total present value cost of 
this alternative is estimated to be $187,000, consisting 
of an estimated capital cost of $170,000 and an 
estimated annual operation and maintenance cost 
increase of $1,100. 

Alternative Plan No. DD-8e-Storm Sewer 
Conveyance and Structure Floodproofing 
Under this alternative plan, the storm sewer outlet 
from Victoria Circle North would be replaced as 
under Alternative Plan No. DD-8d and extensive 
floodproofing measures would be implemented to 
protect the two houses from flooding during a 100-
year storm. The alternative plan measures are set forth 
in Table 37 and shown on Map 37. 

This alternative calls for 340 feet of the existing 15-
inch-diameter CMP in Victoria Circle North to be 
replaced with an 18-inch-diameter PVC storm sewer 
that would have a total length of about 1,400 feet and 
would connect to the existing downstream 27-inch
wide by 44-inch-high CMPA storm sewer. A 50-foot
long, 12-inch-diameter PVC storm sewer with a 
backwater valve would be installed from the wetland 
outlet to the new 18-inch-diameter storm sewer. 
Extensive structure floodproofing measures would be 
implemented to protect the basements of the two 
houses from possible flooding to an estimated maxi
mum depth of about 1.5 feet. As set forth in Table 37, 
the total present value cost of this alternative is 
estimated to be $203,000, consisting of an estimated 
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Table 36 

COMPONENTS AND COSTS OFTHE STORM SEWER AND SWALE CONVEYANCE WITH STRUCTURE 
FLOODPROOFING PLAN FOR THE VICTORIA CIRCLE NORTH AREA OF HYDROLOGIC UNIT DD-8 

(ALTERNATIVE PLAN NO. DD-8d) 

Estimated Costa 

Annual 
Location of Operation and 

Capitalb Component Project and Component Designation and Description Maintenancec 

Village of Elm Grove 1. Replace 340 feet of 15-inch-diameter CMP storm $ 97,000 $ 600 
sewer in Victoria Circle North with 1,400 feet of 18-
inch-diameter PVC storm sewer and add a 50-foot-
long, 12-inch-diameter PVC wetland outlet with a 
backwater gate 

, 

2. Construct a 570-foot-long, grass-lined, trapezoidal 50,000d 300 
overflow swale with one vertical on four horizontal 
side slopes and a 60-foot-wide bottom 

3. Floodproof two houses on the north side of Victoria 23,000 200 
Circle North 

Total $170,000 $1,100 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

dlncludes removal of abandoned tennis court at Pilgrim Park Middle School. 

Source: SEWRPC. 

capital cost of $190,000 and an estimated annual 
operation and maintenance cost increase of $800. 

Evaluation oj Alternative Stormwater Drainage 
Plans in the Victoria Circle North Area 
The foregoing information provides a basis for a 
comparative evaluation of the two alternative plans. 
The principal criteria for the comparative evaluation 
were cost and implementability. The alternatives 
provide similar levels of protection. 

Alternative Plan No. DD-8d is the least costly 
alternative. However, implementation of that alterna
tive would involve some disruption and possible 
recontiguration of the grounds of the Pilgrim Park 
Middle School as well as a relatively small increase in 
the volume of runoff stored on the school grounds 
during floods. An advantage of Alternative Plan 

No. DD-8d is that it would require a lesser degree of 
floodproofing than would the other alternative. 

Preliminary Recommended Storm water 
Drainage Planjor the Victoria Circle North 
Portion oj Hydrologic Unit DD-8 
Based on the evaluation above, Alternative Plan 
No. DD-8d-Storm Sewer and Swale Conveyance 
with Structure Floodproofing, is selected as the 
preliminary recommended plan for the Victoria Circle 
North Area. 

Hydrologic Unit DD-9 
Description and Evaluation oj the Storm water 
Management Sy!;·tem 
Hydrologic Unit 00-9 is a 433-acre area centered 
around Dousman Ditch in the northern portion of the 
subwatershed. Most of the unit is located north of 
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Map 36 

ALTERNATIVE PLAN NO. DD·8d 
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Table 37 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE AND STRUCTURE FLOODPROOFING 
STORMWATER DRAINAGE PLAN FOR THE VICTORIA CIRCLE NORTH AREA OF HYDROLOGIC UNIT 00-8 

(ALTERNATIVE PLAN NO. DD-8e) 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

Village of Elm Grove 1. Replace 340 feet of 15-inch-diameter CMP storm $ 97,000 $600 
sewer in Victoria Circle North with 1,400 feet of 18-
inch-diameter PVC storm sewer and add a 50-fa ot-
long, 12-inch-diameter PVC wetland outlet with a 
backwater gate 

2. Floodproof two houses on the north side of Victoria 93,000 200 
Circle North 

Total $190,000 $800 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Gebhardt Road, south of W. North Avenue, and both 
east and west of Pilgrim Parkway, as shown on 
Map 12. About 90 percent of the hydrologic unit is 
located in the City of Brookfield and about 10 percent 
is in the Village of Elm Grove. 

Under 1990 land use conditions, about 90 percent of 
the unit was in urban uses, including about 80 percent 
in low-density residential uses and 10 percent in 
governmental and institutional uses. In 1990, 10 per
cent of the unit that was in rural uses, with most of 
that area being open lands. Under buildout conditions, 
some of the open lands would be converted to urban 
recreational uses, resulting in urban uses in about 
96 percent of the unit. Low-density residential land 
would comprise about 80 percent of the unit, 
governmental and institutional uses about 10 percent, 
and recreational about 6 percent. The remaining rural 
land would be primary environmental corridor. 

West of Pilgrim Parkway in the City of Brookfield, 
the storm water drainage system consists of a system 
of roadside swales and ditch enclosures and storm 
sewers that convey flow to Dousman Ditch. East of 

Pilgrim Parkway in the Village of Elm Grove, the 
stormwater drainage system consists of a system of 
roadside swales and cross culverts. Storm sewers are 
installed in W. North Avenue. 

Inadequate minor system capacity was identified in 
the City of Brookfield along Eileen Court north of 
Gebhardt Road and along Gebhardt Road between 
Church View Drive and Alverno Drive. Inadequate 
capacity was identified in Elm Grove at one culvert 
under Pilgrim Parkway just north of Gebhardt Road. 
Because Pilgrim Parkway is planned to be designated 
as an arterial highway, that culvert should have a 50-
year storm capacity to meet the standards established 
for this plan. 

Alternative Storm water Drainage Plans 
The identified localized problems can readily be 
solved through the provision of increases in the 
hydraulic capacities of the existing storm sewers 
and the culvert. The development of alternative plans 
is not considered to be necessary and a culvert and 
storm sewer conveyance plan was developed as 
described below. 
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Map 37 

ALTERNATIVE PLAN NO. DD-8e 
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Preliminary Recommended Stormwater Drainage 
Plan for Hydrologic Unit DD-9 
It is recommended that 1) the 247 feet of double 21-
inch-diameter RCP storm sewer located at the north 
end of Eileen Court be replaced with a double 27-
inch-diameter RCP, 2) the 630 feet of 18-inch
diameter CMP along Gebhardt Road between Church 
View Drive and Alverno Drive be replaced with a 27-
inch-diameter RCP, and 3) that the 42-foot-long 18-
inch-diameter CMP under Pilgrim Parkway north of 
Gebhardt Road be replaced with a 30-inch-diameter 
CMP. The recommended system is shown on Map 38. 

As set forth in Table 38, the total capital cost of 
this plan is estimated to be $132,000. The present 
value cost is also estimated to be $132,000, since 
implementation of the recommendations would not 
result in an increase in annual operation and mainte
nance costs. 

Hydrologic Unit UC-l 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-l is a 566-acre area located at 
the headwaters of Underwood Creek in the north
western portion of the subwatershed. The unit is 
located entirely in the City of Brookfield, north of the 
Canadian Pacific Railway and west of Pilgrim Road, 
as shown on Map 12. 

Under 1990 land use conditions, about 52 percent of 
the unit was in urban uses, including about 45 percent 
in low-density residential uses, 5 percent in govern
mental and institutional uses, and 2 percent divided 
between railway, and medium-high and high-density 
residential uses. In 1990,48 percent of the unit was in 
rural uses, including 31 percent in wetlands, 12 per
cent in open lands, and 5 percent in agricultural uses. 
Under buildout conditions, some of the open lands 
would be converted to residential uses, resulting in 
urban uses in about 66 percent of the unit.41 Low
density residential land would comprise about 
53 percent of the unit, medium-density residential 
about 6 percent, high-density residential about 1 per
cent, and recreational and industrial each less than 
I percent. The 34 percent of the unit in rural land 
use would be primary environmental corridor con
sisting almost entirely of the large wetland complex 

41Almost all of the conversion of land to urban uses 
had occurred as of 1999. 

in the headwaters area upstream of the Canadian 
Pacific railway. 

West of Calhoun Road, the stormwater drainage 
system consists of a system of roadside swales, 
culverts, and ditch enclosures that convey flow to the 
western portion of the wetland. East of Calhoun Road, 
in the areas of earliest development, the stormwater 
drainage system consists of a system of roadside 
swales, culverts, and ditch enclosures along with one 
wet detention basin between Smith Court and Mark 
Drive and one dry detention basin at Fieldside Court. 
In the areas of the most recent development east of 
Calhoun Road, the storm water management system 
consists of storm sewers and urban street cross 
sections and one wet detention basin. The area east of 
Calhoun Road ultimately discharges to the large 
headwaters wetland. 

Inadequate minor system capacity was identified at a 
storm sewer in Smith Drive and along a drainage 
easement located southeast of Smith Drive, at another 
storm sewer in an easement between Brooklawn Drive 
and W. Burleigh Road, and at a culvert under Kings 
View Lane just north of Burleigh Boulevard. 

The City of Brookfield recently received permission 
from the WDNR for modification and revegetation 
of the small stream channel that flows through the 
southwest side of the large wetland complex east 
of Calhoun Road. Those modifications were imple
mented and the grade of Calhoun Road was raised, 
effectively alleviating past flooding problems along 
that portion of Calhoun Road. 

Alternative Stormwater Drainage Plans 
The identified localized problems can readily be 
solved through the provision of increases in the 
hydraulic capacities of the existing storm sewers and 
the culvert. Increased flows from the storm sewers 
or culverts to be upgraded should be adequately 
attenuated since each discharges either to a detention 
basin and then to the large wetland, or directly to 
the wetland. The development of alternative plans 
is not considered to be necessary and a culvert and 
storm sewer conveyance plan was developed as 
described below. 

Preliminary Recommended Storm water Drainage 
Plan for Hydrologic Unit UC-l 
It is recommended that 1) the 175 feet of eight-inch
diameter concrete pipe, 389 feet of 16-inch-diameter 
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Table 38 

COMPONENTS AND COSTS OF THE PRELIMINARY RECOMMENDED STORM SEWER 
AND CULVERT CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT DD-9 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. DD9C18-Replace 630 feet of 18-inch CMP storm $ 72,000 $0 
sewer on Gebhardt Road between Church View Drive 
and Alverno Drive with 27-inch RCP storm sewer 

2. DD9C12-Replace 247 feet of twin 21-inch storm 56,000 0 
sewer at Eileen Court north of Gebhardt Road with 
twin 27-inch RCP storm sewer 

Subtotal $128,000 $0 

Village of Elm Grove 3. DD9C30-Replace 42 feet of 18-inch CMP culvert $ 4,000 $0 
crossing Pilgrim Parkway north of Gebhardt Road 
with 30-inch CMP 

- - Total $132,000 $0 

aCosts based upon 1998 Engineering !'Jews-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

cast iron pipe, and 44 feet of 18-inch-diameter 
CMP located in Smith Drive and the easement to 
the southeast of Smith Drive be replaced with 608 
feet of I8-inch-diameter RCP, 2) the 166 feet of 18-
inch-diameter RCP between Brooklawn Drive and 
W. Burleigh Road with a 21-inch-diameter RCP, and 
3) the 59-foot-long 15-inch-diameter RCP under 
Kings View Lane be replaced with an I8-inch-wide 
by 29-inch-high RCPA. The recommended system is 
shown on Map 39. 

As set forth in Table 39, the total capital cost of this 
plan is estimated to be $76,000. The present value 
cost is also estimated to be $76,000, since implemen
tation of the recommendations would not result in an 
increase in annual operation and maintenance costs. 

Hydrologic Unit UC-2 
Description and Evaluation of the 
Storm water Management System 
As shown on Map 12, Hydrologic Unit UC-2 is a 174-
acre area located entirely in the City of Brookfield 
just south of Hydrologic Unit UC-l and east of 
Calhoun Road between North Avenue and the 
Canadian Pacific Railway. This unit contains most of 
Franklin Wirth Park. Underwood Creek traverses the 
unit from northwest to southeast. 

Under 1990 land use conditions, about 52 percent 
of the unit was in urban uses, including about 
32 percent in recreational uses, 8 percent railway, 
5 percent industrial, 5 percent low-density residential, 
and 2 percent commercial, uses. In 1990, 48 percent 
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Table 39 

COMPONENTS AND COSTS OF THE STORM SEWER AND CULVERT 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-1 

Estimated Costa 

Annual. 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. UC-1C37-Replace 59 feet of 15-inch storm sewer $ 7,000 $0 
crossing Kings View Lane north of Burleigh 
Boulevard with 18-inch by 29-inch RCPA storm sewer 

2. UC-1C19-Replace 389 feet of 16-inch-diameter cast 34,000 0 
iron storm sewer east of Smith Drive south of Luella 
Drive with 18-inch RCP storm sewer 

3. Replace 44 feet of 18-inch CMP culvert crossing Smith 4,000 0 
Drive south of Luella Drive with 18-inch RCP culvert 

4. Replace 175 feet of eight-inch concrete storm sewer 15,000 0 
located south of Luella Drive and east of Smith Drive 
with 18-inch RCP storm sewer 

5. UC-1C29-Replace 166 feet of 18-inch storm sewer in 16,000 0 
drainage easement north of Burleigh Road east of 
Marti Lane with 21-inch storm sewer 

Total $76,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b'nc'udes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

of the unit was in rural uses, including 35 percent in 
wetlands, 6 percent in woodlands, and 7 percent in 
open lands. Under buildout conditions, some of the 
open lands would be converted to industrial or 
governmental and institutional uses, resulting in urban 
uses in about 53 percent of the unit. Recreational 
lands would still comprise about 32 percent of the 
unit, the conversion of open lands and redevelopment 
of some other existing urban lands would result in an 
industrial uses in about 20 percent of the unit, and 
governmental and institutional uses would comprise 
the remaining I percent of the urban lands. The 
47 percent of the unit in rural land use would be 
primary and secondary environmental corridor con
sisting predominantly of wetlands. 

The stormwater drainage system consists primarily of 
a system of roadside swales, culverts, and ditch 
enclosures that convey flow to the wetland in Wirth 
Park. A storm sewer system is located along Pheasant 
Drive. There are two ponds located in the unit, but 
they are both located near the subcontinental divide 
and neither receives significant amounts of runoff. 

Inadequate minor system capacity was identified at a 
culvert under Hillsdale Drive. 

Alternative Stormwater Drainage Plans 
The identified localized problem can readily be solved 
through the provision of increased hydraulic capacity 
for the culvert. The development of alternative plans 
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is not considered to be necessary and a culvert 
conveyance plan was developed as described below. 

Preliminary Recommended Stormwater Drainage 
Plan for Hydrologic Unit UC-2 
It is recommended that the 41-foot-Iong, 18-inch
diameter RCP culvert under Hillsdale Drive be 
replaced with a 21-inch-diameter RCP. The recom
mended system is shown on Map 40. 

As set forth in Table 40, the total capital cost of this 
plan is estimated to be $4,000. The present value cost 
is also estimated to be $4,000, since implementation 
of the recommendations would not result in an 
increase in annual operation and maintenance costs. 

Hydrologic Unit UC-3 
Description and Evaluation of the 
Stormwater Management System 
As shown on Map 12, Hydrologic Unit UC-3 is a 143-
acre area located generally northeast of the inter
section of W. North Avenue and Pilgrim Road. 
Underwood Creek flows through the northwest corner 
of the unit. About 90 percent of the hydrologic unit is 
located in the City of Brookfield and about 10 percent 
is in the Village of Elm Grove. 

The hydrologic unit was essentially under full build
out land use conditions in 1990. About 96 percent of 
the unit is in urban uses, including about 73 percent 
low-density residential, 11 percent governmental and 
institutional uses, 8 percent medium-density residen
tial, and 4 percent commercial uses. The 4 percent of 
the unit in rural land use is secondary environmental 
corridor along Underwood Creek. 

The storm water drainage system consists primarily of 
a system of roadside swales, culverts, and ditch enclo
sures that convey flow to Underwood Creek. A storm 
sewer system is located along W. North Avenue. 

No stormwater drainage problems were identified in 
this hydrologic unit. Therefore, no alternative plans 
were developed. 

Hydrologic Unit UC-4 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-4 is a 274-acre area located north 
of unit UC-3 in the City of Brookfield in the north 
central portion of the subwatershed, as shown on 
Map 12. Most of the hydrologic unit is southeast of 
the intersection of W. North Avenue and Pilgrim 
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Road. Underwood Creek flows through the southern 
part of the unit. 

The hydrologic unit was essentially under full 
buildout land use conditions in 1990. About 91 per
cent of the unit is in urban uses, including about 
84 percent low-density, residential, 6 percent recrea
tional, and 1 percent governmental and institutional 
uses. The 9 percent of the unit in rural land use is 
primary and secondary environmental corridor along 
Underwood Creek. The corridors primarily consist 
of wetlands. 

West of Pilgrim Road, the stormwater drainage 
system consists primarily of a system of roadside 
swales and culverts. East of Pilgrim Road the storm
water drainage system consists of a system of roadside 
swales and ditch enclosures that discharge directly to 
Underwood Creek. That system includes several long 
storm sewers that are located along drainage ease
ments outside of public rights-of-way. 

Inadequate major system capacity was identified at 
storm sewers in series, running from San Raphael 
Drive to Pomona Road in a drainage easement, in 
Pomona· Road, and then from Pomona Road to 
Underwood Creek in another drainage easement. A 
need to increase inlet capacity in order to enable the 
development of the available existing storm sewer 
capacity and permit the major system to function 
adequately was identified on the south side of 
W. Burleigh Road, southeast of the intersection with 
Hidden Hills Drive. 

Alternative Stormwater Drainage Plans 
The identified localized problems can readily be 
solved through the provision of relatively small 
increases in the hydraulic capacities of the existing 
storm sewers. Because the increase in flow from 
the storm sewers to be upgraded would be relatively 
small, no significant increases in 100-year flood flows 
in Underwood Creek would be expected due to 
replacing the storm sewers. The development of 
alternative plans is not considered to be necessary and 
a storm sewer conveyance plan was developed as 
described below. 

Preliminary Recommended Stormwater Drainage 
Plan for Hydrologic Unit UC-4 
It is recommended that I) the storm sewer inlet 
capacity be increased at the existing 135-foot
long, 30-inch-diameter RCP on the south side of 
W. Burleigh Road, southeast of the intersection with 
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Table 40 

COMPONENTS AND COSTS OF THE CULVERT CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-2 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. UC-2C7-Replace 41 feet of 18-inch storm sewer $4,000 $0 
crossing Hillsdale Drive north of W. North Avenue 
with 21-inch Rep storm sewer 

Total $4,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for ~ngineering, administration, and contingencies. 

COperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Hidden Hills Drive, 2) the 530 feet of 18-inch
diameter RCP in the drainage easement between San 
Raphael Drive and Pomona Road and in Pomona 
Road be replaced with a 24-inch-diameter RCP, and 
3) the 210-foot-Iong, 21-inch-diameter RCP in a 
drainage easement from Pomona Road to Underwood 
Creek be replaced with a 27-inch-diameter RCP. The 
recommended system is shown on Map 41. 

As set forth in Table 41, the total capital cost of this 
plan is estimated to be $79,000. The present value 
cost is also estimated to be $79,000, since implemen
tation of the recommendations would not result in an 
increase in annual operation and maintenance costs. 

Hydrologic Unit UC-5 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-5 is a 294-acre area located in 
the northernmost portion of the subwatershed in the 
City of Brookfield south of W. Capitol Drive 
(STH 190) between Pilgrim and Lilly Roads, as 
shown on Map 12. The North Branch of Underwood 
Creek originates in this unit. 

About 60 percent of the hydrologic unit was 
developed in urban land uses in 1990 with about 
55 percent in low-density residential uses and the 
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remaining 5 percent in commercial and governmental 
and institutional uses. The 40 percent of the unit that 
was in rural uses included 15 percent as wetlands 
and 22 percent open lands with the remaining 3 per
cent consisting of woodlands and water. Under 
planned buildout land use conditions the amount of 
urban land in the unit would increase to about 80 per
cent as the 1990 open space area would developed in 
low-density residential uses and a small amount 
would be converted to commercial uses. Low-density 
residential land would comprise about 76 percent of 
the unit, commercial land would comprise about 
3 percent of the unit, and governmental and 
institutional uses would consist of about 1 percent of 
the unit. The 20 percent of the unit in rural uses would 
be primary environmental corridor that would 
predominantly consist of wetlands. 

The storm water drainage system in the unit consists 
of either storm sewers or roadside swales and ditch 
enclosures. 

Flooding problems along the southern end of 
Westwood Drive were reported to the City as a result 
of the June 1997 and the August 1998 storms. South 
of Westview Court, the longitudinal slope of West
wood Drive is quite flat, resulting in inadequate major 
system hydraulic capacity. 
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Table 41 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-4 

Estimated Costa 

Annual 
location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. UC4C17-Replace 530 feet of 18-inch RCP storm $55,000 $ 0 
sewer in drainage easement between San Raphael 
Drive and Pomona Road with 24-inch RCP storm 
sewer 

2. UC4C18-Replace 210 feet of 21-inch RCP storm 24,000 60 
sewer in drainage easement between Pomona Road 
and Underwood Creek with 27-inch RCP storm sewer 

Total $79,000 $60 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Alternative Stormwater Drainage Plans 
The identified problem can readily be solved through 
the provision of one replacement storm sewer and 
additional storm sewers to supplement the existing 
storm sewers. Because the increase in flow from the 
new storm sewers would be relatively small, no 
significant increases in 100-year flood flows in the 
North Branch of Underwood Creek, or in Underwood 
Creek, would be expected due to installation of the 
new storm sewers. 

Preliminary Recommended Storm water Drainage 
Plan for Hydrologic Unit UC-5 
It is recommended that I) the 249-foot-Iong, 18-inch
diameter RCP in Westwood Drive near the intersec
tion of Westwood and Lindsay Drives be replaced 
with a 24-inch-high by 38-inch-wide RCP HE, 
2) the existing 195-foot-Iong, 21-inch-diameter RCP 
in Westwood Drive south of Lindsay Drive be 
retained and a parallel 24-inch diameter RCP be 
installed at a slope of 0.10 percent, 3) the existing 
I 48-foot-Iong, 24-inch-diameter RCP in a drainage 
easement between Westwood Drive and the North 
Branch of Underwood Creek be retained and a parallel 
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24-inch diameter RCP be installed at a slope of 
0.07 percent, 4) the existing 95-foot-Iong, 24-inch 
diameter RCP in the intersection of Crestview Circle 
and Westwood Drive be retained and a parallel 24-
inch diameter RCP be installed, and 5) the existing 
200-foot-Iong, 27-inch diameter RCP in an easement 
between the intersection of Crestview Circle and 
Westwood Drive and the North Branch of Underwood 
Creek be retained and a parallel 27-inch diameter RCP 
be installed. The recommended system is shown on 
Map 42. 

As set forth in Table 42, the total capital cost of this 
plan is estimated to be $108,000. The present value 
cost, including an estimated annual operation and 
maintenance cost increase of about $400, is estimated 
to be $114,000. 

Hydrologic Unit UC-6 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-6 is a 507-acre area located 
southeast of unit UC-5 in the City of Brookfield in the 
north central portion of the subwatershed, as shown 
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Table 42 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-5 

Estimated Costa 

Location of 
Component Project and Component Designation and Description 

City of Brookfield 1. UC5C30-Replace 249 feet of 18-inch RCP storm 
sewer in Westwood Drive with 24-inch-high by 
38-inch-wide RCP HE storm sewer 

2. UC5C30A-Retain 195 feet of 21-inch RCP storm 
sewer in Westwood Drive and add a parallel 24-inch 
diameter RCP storm sewer at a slope of 0.10 percent 

3. UC5C31-Retain 148 feet of 24-inch RCP storm sewer 
in a drainage easement between Westwood Drive 
and the North Branch of Underwood Creek and add a 
parallel 24-inch diameter RCP storm sewer 

4. UC5C21-Retain 95 feet of 24-inch RCP storm sewer in 
the intersection of Crestview Circle and Westwood 
Drive and add a parallel 24-inch diameter RCP storm 
sewer 

5. UC5C22-Retain 200 feet of 27-inch RCP storm sewer 
in a drainage easement between the intersection of 
Westwood Drive and Crestview Circle and the North 
Branch of Underwood Creek and add a parallel 27-
inch diameter RCP storm sewer 

Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

Annual 
Operation and 

Capitalb Maintenancec 

$ 40,000 $ 0 

20,000 110 

15,000 100 

10,000 80 

23,000 110 

$108,000 $400 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

on Map 12. Most of the hydrologic unit is located 
west of Lilly Road on the north and south sides of 
w. Burleigh Road. The North Branch of Underwood 
Creek flows through the unit from north to south. The 
North Branch flows through a relatively large wetland 
both north and south of W. Burleigh Road. Another 
on-line pond is located in that wetland west of 
Brookfield East High School (BEHS), a small off-line 
pond is located in the wetland just north of the BEHS 
pond, and a second small off-line pond is located just 
south of W. Burleigh Road. The Lilly Road Tributary 
to the North Branch originates in a wetland east of 
W. Burleigh Road and flows into the North Branch 
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at a small on-line pond located about 1,100 feet 
upstream from the mouth of the North Branch. The 
abandoned Sileno quarry is located in the southeastern 
portion of the unit. The total area tributary to the 
quarry is about 60 acres, half of which is comprised of 
the pond in the quarry. The pond elevation is about 23 
feet below the lowest point of overflow from the 
quarry and there is no other outlet besides overland 
flow. Thus, all runoff to the quarry is stored and none 
is released downstream. 

In 1990, about 65 percent of the unit was in urban 
uses, including about 49 percent low-density residen-



tial, 13 percent governmental and institutional uses, 
about 2 percent commercial, about 1 percent high
density residential. About 35 percent of the unit was 
in rural uses in 1990, including 12 percent in 
wetlands, 6 percent water, and 17 percent in open 
lands. Under buildout conditions, some of the open 
lands would be developed, resulting in urban uses in 
about 78 percent of the unit. Low-density residential 
lands would comprise about 54 percent of the unit, 
governmental and institutional uses about 14 percent, 
high-density residential uses about 5 percent, com
mercial uses about 4 percent, and recreational uses 
about one percent. The 22 percent of the unit in rural 
land use would be primary environmental corridor and 
isolated natural resource areas consisting predomi
nantly of wetlands and water. 

The stormwater drainage system consists primarily of 
a system of roadside swales, ditch enclosures, and 
storm sewers that are located along drainage 
easements outside of public rights-of-way. The system 
components discharge to the North Branch of 
Underwood Creek or the Lilly Road Tributary. In 
the more-recently developed Chesterwood Parc Sub
division that is located west of Lilly Road and south 
of W. Capitol Drive (STH 190) a storm sewer drain
age system with urban street cross sections is in place. 

On August 6, 1998, several houses on the east side of 
San Juan Trail experienced basement and first floor 
flooding. Less severe flooding problems were also 
experienced on June 21, 1997, when water ponded in 
San Juan Trail, but first floor flooding did not occur. 
The houses along San Juan Trail are outside of the 
100-year floodplain; however, inadequacies in the 
major stormwater drainage system in and near San 
Juan Trail contribute to the problems they have 
experienced. 42 Inadequate minor system capacity was 
identified at the storm sewer system that collects 
runoff from the east side of Lilly Road and conveys it 
through the north parking lot of BEHS to the North 
Branch. In addition, the capacity of the storm sewer 
under Lilly Road just south of W. Burleigh Road was 
found to be inadequate to meet the 50-year storm 
standard for an arterial road. 

The 100-year flood profile was determined for the 
Lilly Road Tributary and no flood hazard to inhabited 

42The August 6, 1998 flood exceeded the 100-
year flood 

buildings was identified, consistent with observations 
during recent storms. 

Alternative Stormwater Drainage Plans 
The identified localized problems can readily be 
solved through the provision of relatively small 
increases in the hydraulic capacities of the existing 
storm sewers. Because the storm sewers that are 
proposed to be upgraded discharge to the large 
wetland storage area upstream of W. Burleigh Road 
significant increases in 100-year flood flows in the 
North Branch and in Underwood Creek would not be 
expected due to replacing the storm sewers. The 
development of alternative plans is not considered to 
be necessary and a storm sewer conveyance plan was 
developed as described below. 

Preliminary Recommended Stormwater Drainage 
Plan/or Hydrologic Unit UC-6. 
To alleviate the major system problems in the vicinity 
of San Juan Trail north of W. Burleigh Road, it is 
recommended that 1) the existing 587-foot-Iong, 24-
inch-diameter CMP in San Marcos Drive and in a 
drainage easement between San Marcos Drive and 
Sunny View Lane be replaced with 27-inch RCP 
storm sewer, 2) the 51-foot-long, 27-inch-diameter 
CMP and the 77-foot-Iong 27-inch-diameter RCP in 
Sunny View Lane be replaced with 27-inch-diameter 
RCP laid at a constant slope, 3) the 31O-foot-long, 27-
inch-diameter RCP in a drainage easement northeast 
of East View Court be replaced with 30-inch-diameter 
RCP storm sewer, 4) the 243-foot-Iong, 30-inch
diameter storm sewer in the drainage easement west 
of San Juan Trail, and in San Juan Trail, be replaced 
with 36-inch-diameter RCP storm sewer,S) the 201-
foot-long 36-inch-diameter RCP in the drainage 
easement between San Juan Trail and the North 
Branch be replaced with 42-inch-diameter RCP storm 
sewer, 6) the 206-foot-Iong, 12-inch-diameter RCP 
storm sewer in a drainage easement west of San Juan 
Trail and north of W. Burleigh Road be replaced with 
21-inch-diameter RCP storm sewer, and 7) the 226-
foot-long, 15-inch-diameter RCP storm sewer in San 
Juan Trail, and in an easement to the east of San Juan 
Trail, be replaced with 27-inch-diameter Rep storm 
sewer. To alleviate the minor system problems in the 
vicinity of Brookfield East High School, it is recom
mended that 1) the 258-foot-Iong, 12-inch-diameter 
RCP storm sewer flowing from south to north on the 
east side of Lilly Road opposite BEHS be replaced 
with 18-inch-diameter RCP storm sewer, 2) the 260-
foot-long 15-inch-diameter RCP storm sewer flowing 
from north to south on the east side of Lilly Road 
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opposite BEHS be replaced with IS-inch-diameter 
RCP storm sewer, and 3) the 607-foot-Iong, IS-inch
diameter RCP storm sewer in Lilly Road and the 
BEHS north parking lot be replaced with 21-inch
diameter RCP storm sewer, 4) the 425-foot-Iong, 1S
inch-diameter RCP storm sewer in the BEHS north 
parking lot be replaced with 30-inch-diameter RCP 
storm sewer, and 5) the 305-foot-long, 1S-inch
diameter RCP storm sewer in the BEHS north parking 
lot be replaced with 36-inch-diameter RCP storm 
sewer. Finally, to provide adequate capacity to meet 
the 50-year storm standard for an arterial road, it is 
recommended that the 44-foot-long, I2-inch-diameter 
CMP storm sewer under Lilly Road just south of 
W. Burleigh Road be replaced with a 15-inch CMP. 
The recommended system is shown on Map 43. 

As set forth in Table 43, the total capital cost of this 
plan is estimated to be $440,000. The present value 
cost is also estimated to be $440,000, since implemen
tation of the recommendations would not result in an 
increase in annual operation and maintenance costs. 

Hydrologic Unit UC-7 
Description and Evaluation of the 
Stormwater Management System 
As shown on Map 12, Hydrologic Unit UC-7 is a 453-
acre area located generally north of W. North Avenue 
on either side of Lilly Road. About 95 percent of the 
unit is in the City of Brookfield and the remaining 
5 percent is in the Village of Elm Grove. Underwood 
Creek flows from north to south through the western 
part of the unit. 

In 1990, about 73 percent of the unit was in urban 
uses, including about 65 percent low-density residen
tial, about 3 percent commercial, about 3 percent 
governmental and institutional uses, about 1 percent 
medium-density residential, and about 1 percent rail
way. About 27 percent of the unit was in rural uses in 
1990, including 9 percent in wetlands, 10 percent 
woodlands, and S percent open lands. Under buildout 
conditions, some of the open lands and woodlands 
would be developed, resulting in urban uses in about 
82 percent of the unit. Low-density residential lands 
would comprise about 73 percent of the unit, govern
mental and institutional uses about 3 percent, com
mercial uses about 3 percent, and medium-density 
residential uses about 2 percent, and recreational 
uses about 1 percent. The 28 percent of the unit in 
rural land use would be primary environmental corri-
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dor and isolated natural resource areas consisting 
predominantly of wetlands and woodlands. 

The stormwater drainage system consists primarily of 
a system of roadside swales, culverts, and ditch enclo
sures. A storm sewer drainage system with an urban 
street cross section is in place in W. North Avenue. 

Inadequate minor system capacity was identified 
along Oakhill Lane on either side of Lilly Road. 
Major system deficiencies were identified in the area 
northeast of the intersection of W. North Avenue and 
Lilly Road along Adelaide and Tru Lanes. Significant 
flooding occurred in that area on both June 21, 1997 
and during the larger storm of August 6, I99S. A 
portion of that area is located in the IOO-year 
floodplain of Underwood Creek, with inundation of 
the area being caused in part by high water levels in 
the Creek backing up through the storm sewer system. 
The problem is compounded by an inadequate 
stormwater drainage system. In addition to the 
possibility of direct overland flooding of houses, the 
extensive ponding of runoff in the area contributes 
to the problem of sanitary sewer backups into 
basements.43 Flooding in this area on June 21, 1997 
was exacerbated by the loss of electrical power. The 
preliminary recommended plan described below 
addresses the stormwater drainage aspects of the 
problems northeast of Lilly Road and W. North 
Avenue and also considers the interaction between 
the stormwater drainage system and flood levels along 
Underwood Creek. Much of the land, and several 
houses, along Underwood Creek west of Lilly Road 
are also in the IOO-year floodplain. Solutions to 
address the flooding of those houses are presented 
above in the section of this chapter describing alterna
tive flood land management plans. 

Alternative Stormwater Drainage Plans 
The problems identified along Oakhill Lane can be 
solved through the provision of relatively small 
increases in the hydraulic capacities of the existing 
ditch enclosures and culverts. A gravity flow solution 

43Fol/owing the flood of August 6, 1998, the City of 
Brookfield purchased the house and lot at 13830 
Adelaide Lane primarily with funds provided by the 
Federal Emergency Management Agency through the 
Flood Hazard Mitigation grant program. The State of 
Wisconsin Division of Emergency Management and 
the City provided additional funds for the purchase. 



to the storm water drainage problems in the vicinity of 
Tru and Adelaide Lanes is not feasible because of the 
lack of topographic relief in the effected area and 
because of backwater effects from Underwood Creek. 
Thus, a storm water pumping alternative plan was 
developed for the Tru/Adelaide area. The preliminary 
recommended floodland management plan described 
in a previous section of this chapter calls for the 
creation of additional floodwater storage volume 
along Underwood Creek immediately upstream of 
W. North Avenue. That storage volume is primarily 
recommended to reduce flood flows in the context of 
the recommended floodland management plan; how
ever, it could also be beneficial in offsetting minor 
increases in flows due to implementation of the storm 
sewer/culvert conveyance and stormwater pumping 
plan proposed for this hydrologic unit. 

Preliminary Recommended Stormwater Drainage 
Plan/or Hydrologic Unit UC-7 
To alleviate the minor system problems in the vicinity 
of Oakhill Lane, it is recommended that 1) the exist
ing 250-foot-Iong, 12-inch-diameter RCP storm sewer 
in Carson Court be replaced with 27-inch-high by 44-
inch-wide RCPA storm sewer, 2) the 25-foot-long, 
12-inch-diameter RCP along Oakhill Lane northeast 
of Carson Court be replaced with 23-inch-high by 36-
inch-wide RCPA storm sewer, 3) the 67-foot-Iong, 
15-inch-diameter PVC storm sewer under Oakhill 
Lane near its intersection with Thornapple Lane be 
replaced with 23-inch-high by 36-inch-wide RCPA 
storm sewer, 4) the 63-foot-long, l5-inch-diameter 
RCP under Carson Court at its intersection with Oak
hill Lane be replaced with 27-inch-high by 44-inch
wide RCPA storm sewer, 5) the 539-foot-long, 18-
inch-diameter storm sewer along Oakhill Lane south
west of Carson Court be replaced with 27-inch-high 
by 44-inch-wide RCPA, 6) the next 464-foot-long 18-
inch-diameter RCP along Oakhill Lane be replaced 
with 31-inch-high by 51-inch-wide RCPA storm 
sewer, 7) the 33-foot-long, 30-inch-diameter CMP 
under Lilly Road at Oakhill Lane be replaced with 31-
inch-high by 51-inch-wide RCPA storm sewer, 8) the 
400-foot-Iong swale along the north side of Oakhill 
Lane between Lilly Road and EI Rancho Drive be 
modified to have a parabolic shape approximating a 
trapezoid with a seven-foot-wide bottom and one 
vertical on two horizontal side slopes, and 9) the 48-
foot-long, 24-inch-diameter CMP culvert under 
El Rancho Drive at its intersection with Oakhill Lane 
be replaced with a double 31-inch-high by 51-inch
wide RCP A. The recommended system is shown on 
Map 44. 

The stormwater pumping plan for the Tru/ Adelaide 
area calls for maintaining the existing storm sewer 
system along Lilly Road and Tru and Adelaide Lanes 
and providing a backwater gate on the 36-inch
diameter storm sewer at the manhole located imme
diately northwest of the intersection of W. North 
Avenue and Lilly Road. Designing the pump station/ 
storm sewer system to enable maintenance of the 
existing storm sewer system would enable the area to 
drain following small storms, reducing the amount of 
time that the pump station would be required to 
operate. Provision of the backwater gate would avoid 
backwater flooding of the area during periods of high 
stages along Underwood Creek.44 A pump station 
would be installed on the east side of Lilly Road north 
of W. North Avenue. The station would have a peak 
pumping capacity of about 100 cfs in order to handle 
the runoff from the critical 100-year storn1.45 The 
station would have a 600-foot-Iong, 48-inch-diameter 
reinforced concrete force main that would discharge 
to Underwood Creek. New storm sewers to collect 
runoff during storms with recurrence intervals up to, 
and including, 100 years would be installed parallel to 
the existing storm sewers. About 291 feet of 48-inch
diameter RCP storm sewer would be installed in, and 
along Tru Lane, beginning midway between W. North 
Avenue and Adelaide Lane and extending to the 

44The 1998 large-scale topographic map of the area 
and a March 2000 field survey by the City of 
Broolifield indicate that the crown of Lilly Road is 
above the 1 OO-year flood stage of Underwood Creek, 
providing a land sur/ace barrier to block backwater 
from the Creek from reaching the east side of the 
road. As already mentioned, under existing condi
tions, backwater flooding of the area east of the road 
would still be possible through the storm sewers that 
drain the area east of Lilly Road. 

45 The effect of pumping stormwater runoff on flood 
flows and stages along Underwood Creek should be 
evaluated during the detailed design of the pump 
station. The pump station and the recommended 
downstream storage areas should be designed and 
constructed as a system. If necessary, the storage 
areas should be modified to alleviate the impacts of 
pumped runoff. 
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Table 43 

COMPONENTS AND COSTS OF THE STORM SEWER CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-6 

Estimated Costa 

Location of 
Component Project and Component Designation and Description 

City of Brookfield 1. UC6C4-Replace the existing 587-foot-long, 24-inch-diameter 
CMP in San Marcos Drive and in a drainage easement between 
San Marcos Drive and Sunny View Lane with 27-inch RCP storm 
sewer 

2. UC6C5-Replace the 51-foot-long, 27-inch-diameter CMP and the 
77-foot-long, 27-inch-diameter RCP in Sunny View Lane with 27-
inch-diameter RCP laid at a constant slope 

3. UC6C7-Replace the 310-foot-long, 27-inch-diameter RCP in a 
drainage easement northeast of East View Court with 30-inch-
diameter RCP storm sewer 

4. UC6C8-Replace the 243-foot-long, 30-inch-diameter storm sewer 
in the drainage easement west of San Juan Trail and in San Juan 
Trail with 36-inch-diameter RCP storm sewer 

5. UC6C9-Replace the 201-foot-long, 36-inch-diameter RCP in the 
drainage easement between San Juan Trail and the North Branch 
with 42-inch-diameter RCP storm sewer 

6. Replace the 206-foot-long, 12-inch-diameter RCP storm sewer in a 
drainage easement west of San Juan Trail and north of W. 
Burleigh Road with 21-inch-diameter RCP storm sewer 

7. Replace the 226-foot-long, 15-inch-diameter RCP storm sewer in 
San Juan Trail and in an easement to the east of San Juan Trail 
with 27-inch-diameter RCP storm sewer 

8. Replace the 258-foot-long, 12-inch-diameter RCP storm sewer 
flowing from south to north on the east side of Lilly Road 
opposite BEHS with 18-inch-diameter RCP storm sewer 

9. Replace the 260-foot-long, 15-inch-diameter RCP storm sewer 
flowing from north to south on the east side of Lilly Road 
opposite BEHS with 18-inch-diameter RCP storm sewer 

10. UC6C10-Replace the 607-foot-long, 18-inch-diameter RCP storm 
sewer in Lilly Road and the BEHS north parking lot with 21-inch-
diameter RCP storm sewer 

11. UC6C11-Replace the 425-foot-long, 18-inch-diameter RCP storm 
sewer in the BEHS north parking lot with 30-inch-diameter RCP 
storm sewer 

12. UC6C12-Replace the 305-foot-long, 18-inch-diameter RCP storm 
sewer in the BEHS north parking lot with 36-inch-diameter RCP 
storm sewer 

13. UC6CAA-Replace the 44-foot-long, 12-inch-diameter CMP storm 
sewer under Lilly Road just south of W. Burleigh Road with a 15-
inch CMP 

Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

Annual 
Operation 

and 
Capitalb Maintenancec 

$ 62,000 $0 

15,000 0 

39,000 0 

36,000 0 

36,000 0 

20,000 0 

26,000 0 

22,000 0 

23,000 0 

60,000 0 

53,000 0 

46,000 0 

2,000 0 

$440,000 $0 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having similar 
operation and maintenance costs. 

Source: SEWRPC. 
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intersection of Tru and Adelaide Lanes. About 464 
feet of 48-inch-diameter RCP storm sewer would be 
installed along Adelaide Lane, beginning at its inter
section with Tru Lane. Downstream from that storm 
sewer, about 285 feet of 54-inch-diameter RCP storm 
sewer would be installed along Adelaide Lane to its 
intersection with Lilly Road. Finally, about 216 feet of 
54-inch-diameter RCP storm sewer would be installed 
along the east side of Lilly Road from Adelaide Lane 
to the proposed pump station. The pump station would 
be provided with a backup power source that would 
automatically be activated in the event of a power 
failure. In addition, it is recommended that the lot at 
13830 Adelaide Lane be graded to permit runoff from 
the north to be conveyed to Adelaide Lane. 

As set forth in Table 44, the total capital cost of this 
plan is estimated to be $2,565,000. The present value 
cost, including an estimated annual operation and 
maintenance cost increase of about $9,200, is 
estimated to be $2,710,000. 

Hydrologic Unit UC-8 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-8 is a 618-acre area located in 
the northeastern part of the Village of Elm Grove, 
as shown on Map 12. The hydrologic unit is generally 
located south of W. North Avenue between Pilgrim 
Parkway on the west and N. 124th Street on the east. 
Underwood Creek flows from north to south through 
the unit. 

The hydrologic unit was essentially under full 
buildout land use conditions in 1990. About 93 per
cent of the unit is in urban uses, including about 
80 percent low-density residential, 5 percent medium
density residential, 4 percent recreational, 2 percent 
commercial, and 2 percent governmental and institu
tional uses. The 7 percent of the unit in rural land 
use is secondary environmental corridor, including 
wetlands and open lands, along Underwood Creek. 

The storm water drainage system consists primarily of 
a system of roadside swales and culverts. The system 
components discharge to directly to Underwood Creek 
or to the Wrayburn Tributary and then to the Creek. 
The 100-year flood profile was determined for the 
Wrayburn Tributary and no direct overland flood 
hazard to inhabited buildings was identified, consis
tent with observations during recent storms; however, 

measures are recommended below to alleviate street 
flooding during storms with recurrence intervals up to, 
and including, 100 years. 

Stormwater drainage problems, including street flood
ing and ponding, on June 21, 1997 and August 6, 
1998, contributed to sanitary sewer backups in the 
portion of the hydrologic unit approximately bounded 
by Lee Court on the north, Gremoor Drive on the 
south, Fairhaven Boulevard on the east, and Arrow
head Court on the west. That area includes the 
Wrayburn Tributary, which is bounded on each side 
by Wrayburn Road. Other stormwater drainage and 
sanitary sewer backup problems have occurred at 
scattered locations throughout the hydrologic unit, 
including the area in the vicinity of San Fernando 
Drive south of W. North Avenue. Flooding problems 
along Underwood Creek are addressed in the previous 
floodland management plan section of this chapter. 

The results of an extensive survey of residents that 
was conducted by the Village following the August6, 
1998 storm are set forth in Maps 13, 14, 15, 16, and 
17 in a previous section of this chapter. The survey 
results indicate that many residences in this hydro
logic unit lost power during that storm and that there 
were widespread occurrences of sanitary sewer 
backup and of water entering basements through 
window wells, basement walls, and overflow from 
sump crocks. Among those who responded to the 
survey, roughly half experienced flooding for the first 
time and half for the second time. A small number 
experienced their third instance of flooding.46 The 
large number of residences experiencing flooding for 
the first time is consistent with the extreme nature of 
the storm. 

Alternative Stormwater Drainage Plans 
The identified storm water management problems can 
readily be solved through the provision of increased 
hydraulic capacity at existing culverts. There are no 
available locations in this hydrologic unit for the 
provision of significant effective detention storage 
outside of those identified along Underwood Creek 

46 Flooding is loosely defined here as either sanitary 
sewer backup, clearwater basement flooding, or a 
combination of the two. 
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under the floodland management element of this plan, 
which was presented previously. Hydrologic and 
hydraulic modeling indicates that installation of the 
proposed measures would not be expected to increase 
flood flows in Underwood Creek. The development of 
multiple alternative plans is not considered to be 
necessary and a storm sewer and culvert conveyance . 
plan was developed as described below. 

The proposed measures address identified drainage 
problems in the minor and major systems during 
storms with recurrence intervals up to, and including 
100 years. The solution of those problems will also 
help alleviate sanitary sewer backup problems. Yard 
and basement flooding problems due to local yard 
grading conditions are not addressed by the pro
posed measures. 

Preliminary Recommended Stormwater Drainage 
Plan for Hydrologic Unit UC-8 
To alleviate problems in the general vicinity of 
Wrayburn Road, it is recommended that 1) the 77-
foot-long, 21-inch-diameter CMP culvert under Fair
haven Boulevard at Wrayburn Road be replaced 
with a 27-inch-high by 44-inch-wide RCPA culvert; 
2) the 44-foot-Iong, 18-inch-diameter CMP culvert 
crossing the southern lanes of Wraybum Road 
between Arrowhead Court and Fairhaven Boulevard 
be replaced with an 18-inch-high by 29-inch-wide 
RCPA culvert; 3) the 53-foot-long, 18-inch-diameter 
CMP under the southern lanes of Wraybum Road on 
the east side of Arrowhead Court be replaced with a 
27-inch-diameter CMP culvert; 4) the 51-foot-long, 
l8-inch-diameter CMP under the northern lanes of 
Wrayburn Road on the east side of Arrowhead Court 
be replaced with a 24-inch-high by 35-inch-wide 
CMPA culvert; 5) the 52-foot-long, 18-inch-diameter 
CMP under the northern lanes of Wrayburn Road on 
the west side of Arrowhead Court be replaced with 
two, parallel 18-inch-high by 29-inch-wide RCPA 
culverts; 6) the 221-foot-long, 18-inch-diameter CMP 
culvert along the west side of Hollyhock Lane at its 
intersection with Wrayburn Road be replaced with an 
18-inch-high by 29-inch-wide CMPA culvert; 7) the 
180-foot-Iong, parallel double 33-inch-high by 48-
inch-wide CMPA culverts in the Wrayburn Tributary 
under Hollyhock Lane be replaced with two, parallel 
36-inch-high by 58-inch-wide RCPA culverts; 8) the 
630-foot-long 15-inch-high by 21-inch-wide CMPA 
located outside of the public right-of-way between 
Lee Court and Wrayburn Road be replaced with a 42-
inch-diameter CMP; and 9) the 74-foot-Iong, 2l-inch-
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diameter RCP culvert under N. 131 st Street on the 
north side of W. North Avenue be replaced with 
two, parallel 24-inch-diameter RCP culverts. To alle
viate major system street flooding problems in the 
vicinity of San Fernando Drive, it is recommended 
and that 1) the 82-foot-Iong, 12-inch-diameter CMP 
storm sewers under Wrayburn Road and San 
Fernando Drive be replaced with 15-inch-diameter 
RCP storm sewer; 2) the 327-foot-long 15-inch
diameter CMP storm sewer along the north side of 
Wrayburn Road between San Fernando Drive and 
the Wrayburn Tributary be replaced with l5-inch
diameter RCP storm sewer; 3) 410 feet of 15-inch
diameter RCP storm sewer be installed from the south 
side of Lloyd Street through San Fernando Drive and 
in an easement to be obtained between San Fernando 
Drive and a tributary to the Wraybum Tributary; and 
4) 65 feet of 15-inch-diameter RCPA storm sewer, 
followed by 230 feet of 18-inch-diameter RCP storm 
sewer, followed by 315 feet of 18-inch-high by 29-
inch-wide RCPA storm sewer be installed from the 
north side of Garfield Street to the north side of Lloyd 
Street, across San Fernando Drive, and then in an 
easement to be obtained between San Fernando Drive 
and the tributary to the Wrayburn Tributary. The 
recommended system is shown on Map 45. 

As set forth in Table 45, the total capital cost of this 
plan is estimated to be $407,000. The present value 
cost, including an estimated annual operation and 
maintenance cost increase of about $700, is estimated 
to be $418,000. 

Hydrologic Unit UC-9 
Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-9 is a 409-acre area located in 
the central part ofthe Village of Elm Grove, as shown 
on Map 12. The hydrologic unit is located primarily 
north of Juneau Boulevard between Highland Drive 
on the west and Longwood A venue on the east. 
Underwood Creek flows from north to south through 
the Village Park in center ofthe unit. 

The hydrologic unit was essentially under full build
out land use conditions in 1990. About 95 percent of 
the unit is in urban uses, including about 85 percent 
low-density residential, 7 percent governmental and 
institutional, and 3 percent recreational uses. The 
15 percent of the unit in rural land use is secondary 
environmental corridor, including water, wetlands, 
and open lands located along Underwood Creek. 
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Table 44 

COMPONENTS AND COSTS OF THE STORMWATER CONVEYANCE 
AND PUMPING DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-7 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

City of Brookfield 1. Replace the existing 250-foot-long, 12-inch-diameter RCP storm $ 48,000 $ 0 
sewer in Carson Court with 27-inch-high by 44-inch-wide RCPA 
storm sewer 

2. Replace the 25-foot-long, 12-inch-diameter RCP along Oakhill 4,000 0 
Lane northeast of Carson Court with 23-inch-high by 36-inch-
wide RCPA storm sewer 

3. Replace the 67-foot-long, 15-inch-diameter polyvinyl chloride 11,000 0 
(PVC) storm sewer under Oakhill Lane near its intersection with 
Thornapple Lane with 23-inch-high by 36-inch-wide RCPA storm 
sewer 

4. Replace the 63-foot-long, 15-inch-diameter RCP under Carson 12,000 0 
Court at its 'intersection with Oakhill Lane with 27-inch-high by 
44-inch-wide RCPA storm sewer 

5. UC7C12-Replace the 539-foot-long, 18-inch-diameter storm 103,000 0 
sewer along Oakhill Lane southwest of Carson Court with 27-
inch-high by 44-inch-wide RCPA 

6. UC7C12B-Replace the 464-foot-long, 18-inch-diameter RCP 103,000 0 
along Oakhill Lane with 31-inch-high by 51-inch-wide RCPA 
storm sewer 

7. UC7C12C-Replace the 33-foot-long, 30-inch-diameter CMP 7,000 0 
under Lilly Road at Oakhill Lane with 31-inch-high by 51-inch-
wide RCPA storm sewer 

8. UC7D7 A-Modify the 400-foot-long swale along the north side 6,000 200 
of Oakhill Lane between Lilly Road and EI Rancho Drive to have 
a parabolic shape approximating a trapezoid with a seven-foot-
wide bottom and one vertical on two horizontal side slopes 

9. UC7C10-Replace the 48-foot-long, 24-inch-diameter CMP 21,000 0 
culvert under EI Rancho Drive at its intersection with Oakhill 
Lane with a double 31-inch-high by 51-inch-wide RCPA 

10. Construct stormwater pumping station with 100 cfs pumping 1,830,000 8,500 
capacity 

11. 600 feet of 48-inch-diameter RCP force main 130,000 200 

12. 755 feet of 48-inch-diameter storm sewer draining to pump 160,000 200 
station 

13. 500 feet of 54-inch-diameter storm sewer draining to pump 120,000 100 
station 

14. Grade lot at 13830 Adelaide Lane to drain toward street 10,000 0 

Total $2,565,000 $9,200 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b'nc'udes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having similar 
operation and maintenance costs. 

Source: SEWRPC. 
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Location of 
Component 

Village of Elm Grove 1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

City of Brookfield 13. 

- -

Table 45 

COMPONENTS AND COSTS OF THE STORM SEWER AND CULVERT 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-8 

Project and Component Designation and Description 

UC-8C3-Replace the 77-foot-long, 21-inch-diameter CMP culvert under 
Fairhaven Boulevard at Wrayburn Road with a 27-inch-high by 44-inch-wide 
RCPA culvert 

UC-8C7-Replace the 44-foot-long, 18-inch-diameter CMP culvert crossing the 
southern lanes of Wrayburn Road between Arrowhead Court and Fairhaven 
Boulevard with an 18-inch-high by 29-inch-wide RCPA culvert 

UC-8C13-Replace the 53-foot-long, 18-inch-diameter CMP under the southern 
lanes of Wrayburn Road on the east side of Arrowhead Court with a 27-inch 
diameter CMP culvert 

UC-8Cl4-Replace the 51-foot-long, 18-inch-diameter CMP under the northern 
lanes of Wrayburn Road on the east side of Arrowhead Court with a 24-inch-high 
by 35-inch-wide CMPA culvert 

UC-8el6-Replace the 52-foot-long, 18-inch-diameter CMP under the northern 
lanes of Wrayburn Road on the west side of Arrowhead Court with two, parallel 
18-inch-high by 29-inch-wide RCPA culverts 

UC-8C25-Replace the 221-foot-long, 18-inch-diameter CMP culvert along the 
west side of Hollyhock Lane at its intersection with Wrayburn Road with an 18-
inch-high by 29-inch-wide CMPA culvert 

UC-8C26-Replace the 180-foot-long, parallel double 33-inch-high by 48-inch-
wide CMPA culverts in the Wrayburn Tributary under Hollyhock Lane with two, 
parallel 36-inch-high by 58-inch-wide RCPA culverts 

Replace the 630-foot-long, 15-inch-high by 21-inch-wide CMPA located outside of 
the public right-of-way between Lee Court and Wrayburn Road with a 42-inch-
diameter CMP 

Replace the 82-foot-long, 12-inch-diameter CMP storm sewers under Wrayburn 
Road and San Fernando Drive with a 15-inch-diameter RCP storm sewer 

Replace the 327-foot-long, 15-inch-diameter CMP storm sewer along the north 
side of Wrayburn Road between San Fernando Drive and the Wrayburn Tributary 
with a 15-inch-diameter RCP storm sewer 

Install 410 feet of 15-inch-diameter RCP storm sewer from the south side of Lloyd 
Street through and San Fernando Drive and in an easement to be obtai~ed 
between San Fernando Drive and a tributary to the Wrayburn Tributary 

Install 65 feet of 15-inch-diameter RCPA storm sewer, followed by 230 feet of 18-
inch-diameter RCP storm sewer, followed by 315 feet of 18-inch-high by 29-inch-
wide RCPA storm sewer from the north side of Garfield Street to the north side 
of Lloyd Street, across San Fernando Drive, and then in an easement to be 
obtained lrtween San Fernando Drive and the tributary to the Wrayburn 
Tributary 

Subtotal 

UC-7C21e-Replace the 74-foot-long, 21-inch-diameter RCP culvert under N. 
131st Street on the north side of W. North Avenue with two, parallel 24-inch-
diameter RCP culverts 

Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b'nc'udes 35 percent for engineering, administration, and contingencies. 

Estimated Costa 

Annual 
Operation and 

Capitalb Maintenancec 

$ 15,000 $ 0 

6,000 0 

4,000 0 

6~000 0 

13,000 100 

23,000 0 

91,000 0 

73,000 0 

7,000 0 

28,000 0 

41,000 200 

89,000 400 

$396,000 $700 

$ 11,000 $ 0 

$407,000 $700 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having similar operation and 
maintenance costs. 

dEasement assumed to cost $5,000. 

eMost runoff tributary to this culvert drains to Hydrologic Unit UC-8, but some drains to UC-7, thus, it was assigned to UC-7 when it was 
designated. 

Source: SEWRPC. 
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The storm water drainage system consists primarily 
of a system of roadside swales and culverts. The 
system components discharge directly to Underwood 
Creek or to the Woodlawn Tributary and then to the 
Creek. Flooding problems along Underwood Creek 
are addressed in the previous floodland management 
plan section of this chapter. The 100-year flood 
profile was determined for the Woodlawn Tributary 
from a pond located northwest of the intersection of 
Greenway Terrace and Juneau Boulevard downstream 
through the Canadian Pacific Railway and through the 
Village Park to its confluence with Underwood Creek. 
No direct overland flood hazard to inhabited buildings 
was identified, consistent with observations during 
recent storms; however, measures are recommended 
below to alleviate street flooding during storms with 
recurrence intervals up to, and including, 100 years. 

Stormwater drainage problems, including st(eet 
flooding and ponding, occurred on June 21, 1997 and 
August 6, 1998. Those problems contributed to 
sanitary sewer backups, especially in the vicinity of 
Elmhurst Parkway; however, the 1998 Village 
flooding survey (see Maps 13 through 17) indicates 
that most of the problems experienced in this 
hydrologic unit were due to clearwater flooding of 
basements through window wells, walls, and overflow 
from sump crocks. Among those who responded 
to the survey, slightly more than half experienced 
flooding for the second time. Most of the remaining 
respondents experienced flooding for the first time. A 
small number experienced their third instance of 
flooding. The relatively large number of residences 
experiencing flooding for the first time is consistent 
with the extreme nature of the storm. 

Alternative Stormwater Drainage Plans 
The identified storm water management problems can 
readily .be solved through the provision of increased 
hydraulic capacity at existing culverts. There are no 
available locations in this hydrologic unit for the 
provision of significant effective detention storage 
outside of those identified along Underwood Creek 
under the flood land management element of this plan. 
Significant increases in flood flows in Underwood 
Creek would not be expected as a result of the 
proposed culvert replacements. The development of 
multiple alternative plans is not considered to be 
necessary and a storm sewer and culvert conveyance 
plan was developed as described below. 
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The proposed measures address identified .drainage 
problems in the minor and major systems. The 
solution of those problems will also help alleviate 
sanitary sewer backup problems. Yard and basement 
flooding problems due to local yard grading condi
tions are not addressed by the proposed measures. 

Preliminary Recommended Stormwater Drainage 
Plan for Hydrologic Unit UC-9 
To alleviate major system problems in the general 
vicinity of Elmhurst Parkway, it is recommended that 
I) the 44-foot-Iong, 18-inch-diameter CMP culvert 
under Fairhaven Boulevard at Elmhurst Parkway be 
replaced with a 24-inch-high by 35-inch-wide CMPA 
culvert; 2) the 31-foot-long, 18-inch-diameter CMP 
culvert under Shady Lane at Elmhurst Parkway be 
replaced with a 24-inch-high by 35-inch-wide CMPA 
culvert; 3) the 37-foot-Iong, 21-inch-diameter CMP 
culvert under Blue Ridge Boulevard at Elmhurst 
Parkway be replaced with a 29-inch-high by 42-inch
wide CMPA culvert; 4) the 438-foot-Iong, 27-inch
high by 42-inch-wide CMPA storm sewer located 
between the northern and southern lanes of Elmhurst 
Parkway just west of Notre Dame Boulevard be 
replaced with a 36-inch-high by 58-inch-wide RCPA 
storm sewer; and 5) the 962-foot-Iong, 27-inch
high by 42-inch-wide CMPA storm sewer located 
between the northern and southern lanes of Elmhurst 
Parkway between Church Street and Legion Drive be 
replaced with a 40-inch-high by 65-inch-wide RCPA 
storm sewer. The recommended system is shown on 
Map 46. 

As set forth in Table 46, the total capital cost of 
this plan is estimated to be $409,000. The present 
value cost is also estimated to be $409,000, since 
implementation of the recommendations would not 
result in an increase in annual operation and mainte
nance costs. 

Hydrologic Unit UC-IO 
Description and Evaluation of the 
Stormwater Management System 
As shown on Map 12, Hydrologic Unit UC-IO is a 
374-acre area located in the southeastern portion of 
the Underwood Creek subwatershed. About 80 per
cent of the unit is in the City of Brookfield and 
20 percent is in the Village of Elm Grove. The 
Brookfield portion of the unit is located south of 



W. Bluemound Road between N. and S. Eastmoor 
A venue on the west and Elm Grove Road on the 
east. That area includes the Bishops Woods business 
park. The Elm Grove portion of the unit is located 
north ofW. Bluemound Road, south of Watertown 
Plank Road, and between Sunny Slope Road on 
the west and the Canadian Pacific Railway on the 
east. The Bishops Woods Tributary flows from 
southwest to northeast through the western part 
the hydrologic unit, receiving most of the runoff from 
the unit. 

In 1990, about 68 percent of the unit was in 
urban uses, including about 27 percent low-density 
residential, about 27 percent commercial, about 7 per
cent medium-density residential, and about 7 percent 
freeway (IH 94). About 32 percent of the unit was 
in rural uses in 1990, including 14 percent in 
woodlands, 14 percent open lands, and 4 percent 
wetlands. Under buildout conditions, some of the 
open lands and woodlands would be developed, 
resulting in urban uses in about 87 percent of the 
unit. Commercial uses would comprise about 
42 percent of the unit, low-density residential lands 
about 32 percent of the unit, medium-density 
residential lands about 11 percent of the unit, and 
recreational uses about 2 percent. The 13 percent 
of the unit in rural land use would be isolated natu
ral resource areas consisting predominantly of 
wetlands and woodlands. 

The stormwater drainage system in the hydrologic 
unit consists primarily of storm sewers and inter
connected streams and drainage swales. A small pond 
is located at the headwaters of the Bishops Woods 
Tributary and there are two onsite, dry detention 
basins in the southwestern portion of the Bishops 
Woods business park. 

The Bishops Woods Tributary is the source of some 
reported flooding problems in the hydrologic unit. The 
lower level parking garages of one apartment building 
on each side of the Tributary in Elm Grove between 
Elm Grove Road and the Canadian Pacific Railway 
were flooded on August 6, 1998. The basements of 
condominiums located in Brookfield, east of the 
Tributary, and on the west side of Elm Grove Road 
were reportedly flooded on June 21, 1997, but did not 
flood on August 6, 1998, following the removal of 

vegetation from the Tributary channel and banks.47 

The analyses performed for this planning effort 
indicate that the apartment garages could be flooded 
during a tOO-year storm under buildout land use 
conditions, but the condominiums would not be 
expected to receive direct overland flooding during 
such a storm. Thus, the alternative plans set forth 
below address the garage flooding issue, but no 
measures are proposed relative to the condominiums 
since the planning standard for protection from direct 
flooding during a 100-year storm is met. 

The first floor of the office building located southwest 
of the intersection of Bishops Court and Bishops 
Way was flooded to a depth of less than one foot on 
August 6, 1998. Based on interviews with the man
agement contractor for the Bishops Woods Associa
tion and review of large-scale topographic maps of 
the area, it appears that the flooding of that office 
building was caused by runoff from a relatively 
localized area of the business park to the west of the 
building. The topographic map indicates there are 
adequate major drainage system flow paths to accom
modate runoff according to the evaluation criteria 
established for this plan. Accordingly, the building is 
not expected to be directly flooded for storms up to 
the 100-year recurrence event. Thus, the solution of 
the drainage problem at the office building should be 
addressed through site-specific measures undertaken 
by the owner. 

Alternative Stormwater Drainage Plans 
The flooding problems at the two apartment buildings 
in Elm Grove could be solved either through I) the 
provision of additional culvert capacity, 2) the 
provision of upstream detention storage, or 3) imple
mentation of localized floodproofing measures. Those 
three alternative approaches were considered for the 
alleviation of those problems during storms with 
recurrence intervals up to, and including, 100 years. 

Alternative Plan No. UC-IOa--Culvert Conveyance 
Under this alternative plan, additional culverts would 
be provided in the Village of Elm Grove under the 
Canadian Pacific Railway and the apartment complex 

47The Bishops Woods Association, rather than the 
City of Brookfield, is responsible for the maintenance 
of the Tributary channel and banks within the Bishops 
Woods business park. 
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Table 46 

COMPONENTS AND COSTS OF STORM SEWER AND CULVERT 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-9 

Estimated Costa 

Location of 
Component Project and Component Designation and Description 

Village of Elm Grove 1. UC9-C1-Replace the 44-foot-long, 18-inch-diameter 
CMP culvert under Fairhaven Boulevard at Elmhurst 
Parkway with a 24-inch-high by 35-inch-wide CMPA 
culvert 

2. UC9-C2-Replace the 31-foot-long, 18-inch-diameter 
CMP culvert under Shady Lane at Elmhurst Parkway 
with a 24-inch-high by 35-inch-wide CMPA culvert 

3. UC9-C3-Replace the 37-foot-long, 21-inch-diameter 
CMP culvert under Blue Ridge Boulevard at Elmhurst 
Parkway with a 29-inch-high by 42-inch-wide CMPA 
culvert 

4. UC9-C6-Replace the 438-foot-long, 27-inch-high by 
42-inch-wide CMPA storm sewer located between the 
northern and southern lanes of Elmhurst Parkway just 
west of Notre Dame Boulevard with a 36-inch-high by 
58-inch-wide RCPA storm sewer 

5. UC9-C8 and UC9C11-Replace the 962-foot-long, 27-
inch-high by 42-inch-wide CMPA storm sewer located 
between the northern and southern lanes of Elmhurst 
Parkway between Church Street and Legion Drive 
with a 40-inch-high by 65-inch-wide RCPA storm 
sewer 

Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

Annual 
Operation and 

Capitalb Maintenancec 

$ 5,000 $0 

4,000 0 

5,000 0 

111,000 0 

284,000 0 

$409,000 $0 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

parking lot, as set forth in Table 47 and as shown on 
Map 47. 

A 62-foot-Iong, 48-inch-diameter Rep culvert would 
be installed under the railway to supplement the 
existing 70-inch-high by 95-inch-wide eMP A. A 253-
foot-long, 54-inch-diameter Rep culvert would be 

installed under the apartment parking lot to 
supplement the existing 6O-inch-high by 96-inch-wide 
HE Rep. As set forth in Table 47, the total present 
value cost of this alternative is estimated to be 
$150,000, consisting of an estimated capital cost of 
$148,000 and an estimated annual operation and 
maintenance cost increase of$100. 
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Table 47 

COMPONENTS AND COSTS OF THE CULVERT CONVEYANCE 
ALTERNATIVE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-10 

(ALTERNATIVE PLAN NO. UC-10a) 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

Village of Elm Grove 1. UC10-C33-lnstall a 62-foot-long, 48-inch-diameter $ 86,000c $ 20 
RCP culvert under the Canadian Pacific Railway 

2. UC10-C32-lnstall a 253-foot-long, 54-inch-diameter 62,000 80 
RCP under the apartment complex parking lot 

Total $148,000 $100 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

c 
The cost of the culvert under the rai/way is greater than the cost of the apartment complex culvert, despite being both 

smaller in diameter and shorter because it was assumed that the rai/way culvert would have to be jacked in place, 
rather than constructed with an open trench. 

Source: SEWRPC. 

Alternative Plan No. UC-IOb-Detention Storage 
The effects of providing detention storage in the 
Bishops Woods business park were investigated. 
Current City policy calls for the provision of detention 
storage for new development; however, comparison of 
the peak 100-year storm rate of runoff under existing 
and planned buildout land use conditions indicated 
that detaining runoff from new development alone 
would not eliminate the potential for flooding of the 
basement parking garages at the Elm Grove apartment 
complex. Thus, the provision of expanded detention 
storage of runoff from areas of existing and planned 
development was also investigated. It was found that 
the provision of detention basins on existing open 
sites would not provide sufficient control of the peak 
rate to eliminate flooding of the apartment garages. 
Because the provision of detention storage would not 
be a feasible means of alleviating structure flooding, 
alternative plan components were not developed. 

Alternative Plan No. UC-IOc
Structure Floodproofing 
Based on hydraulic analyses of the Bishops Woods 
Tributary and field inspection of the Elm Grove 
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apartment complex site, it was determined that the 
basement garages at that site could be floodproofed 
through the implementation of parking lot and 
driveway grading and paving modifications. Such 
modifications would raise the grade at the entrances 
to each of the two basement garages, while enabling 
overland flow from west to east across the driveway 
area. That overland flow would reenter the Bishops 
Woods Tributary east of the complex. The approxi
mate area to be regraded and repaved is shown on 
Map 48. 

As set forth in Table 48, the total capital cost of this 
alternative is estimated to be $45,000. The present 
value cost is also estimated to be $45,000, since 
implementation of the recommendation would not 
result in an increase in annual operation and mainte
nance costs. 

Evaluation of Alternative Stormwater Drainage Plans 
The foregoing information provides a basis for a 
comparative evaluation of the alternative plans. The 
principal criteria for the comparative evaluation were 
cost and potential impacts on flood flows and stages 
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along Underwood Creek. The alternatives provide 
similar levels of protection. As stated above, Alterna
tive Plan No. UC-I Ob, Detention Storage, was found 
to be not feasible and it was, therefore, eliminated 
from further consideration. 

Alternative Plan No. UC-l Oc is the less costly 
alternative and its implementation would not increase 
flood flows and stages along Underwood Creek. 
Implementation of Alternative Plan No. UC-IOa could 
increase peak flood flows along Underwood Creek 
because it would result in a significant increase in the 
hydraulic capacity of the Hydrologic Unit outlet at 
the railway. 

Preliminary Recommended Stormwater Drainage 
Plan/or Hydrologic Unit UC-JO 
Based on the considerations described above, Alterna
tive Plan No. UC-I Oc, Structure Floodproofing, is 
selected as the preliminary recommended plan. 

Hydrologic Unit UC-ll 
Description and Evaluation of the 
Stormwater Management System 
As shown on Map 12, Hydrologic Unit UC-II is a 
425-acre area located in the southeastern portion of 
the Underwood Creek subwatershed. About 10 per
cent of the unit is in the City of Brookfield and 
90 percent is in the Village of Elm Grove. The 
Brookfield portion of the unit is located south of 
W. Bluemound Road between N. Beaumont Avenue 
on the west and Sunny Slope Road on the east. The 
Elm Grove portion of the unit is generally located 
between W. Bluemound Road on the south, Juneau 
boulevard on the north, Highland Drive on the west, 
and the Village limits on the east. Underwood Creek 
flows from northwest to southeast through the eastern 
portion of the unit. 

The hydrologic unit was essentially under full build
out land use conditions in 1990. About 96 percent of 
the unit is in urban uses, including about 69 percent 
low-density residential, 12 percent commercial, 9 per
cent industrial, 5 percent governmental and institu
tional, and 1 percent recreational uses. The 4 percent 
of the unit in rural land use is secondary environ
mental corridor, consisting of open lands along 
Underwood Creek. 

The stormwater drainage system in the hydrologic 
unit consists primarily of roadside swales and culverts 
with storm sewers and urban street cross sections in 
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the vicinity of both Watertown Plank Road and W. 
Bluemound Road. 

The results of the 1998 Village flooding survey 
(see Maps 13 through 17) indicate that most of the 
problems experienced in this hydrologic unit were 
due to clearwater flooding of basements through 
window wells, walls, and overflow from sump crocks. 
Some of those problems may be attributable to the 
loss of electrical power as was reported at numerous 
scattered locations throughout the unit. Sanitary sewer 
backups were also reported, but to a lesser degree 
than clearwater flooding. Among those who 
responded to the survey, most experienced flooding 
for the second time. 

The hydrologic and hydraulic modeling performed for 
this study identified minor and major stormwater 
drainage system problems at several locations along 
the drainageway along the north side of Watertown 
Plank Road between Highland Drive and Underwood 
Creek. Inadequate minor system capacity was identi
fied at the culvert under Sunny Slope Road, just 
north of Watertown Plank Road. Inadequate major 
system capacity was identified at the culvert on the 
west side of Grandview Drive and the culvert under 
Kurtis Drive. 

Alternative Stormwater Drainage Plans 
Two alternative plans were developed for the 
alleviation of those problems during storms with 
recurrence intervals up to, and including, 100 years. 
Those include: I) a culvert and swale conveyance 
plan and 2) a detention storage with culvert and swale 
conveyance plan. 

Alternative Plan No. UC-J Ja-Culvert 
and Swale Conveyance 
As shown on Map 49, to alleviate minor and major 
system problems along the drainageway north of 
Watertown Plank Road, this alternative plan calls for 
1) the I 76-foot-Iong, combination 15-inch-diameter 
RCP and 24-inch-diameter CMP culvert located west 
of Grandview Drive to be replaced with a 27-inch
high by 44-inch-wide RCPA culvert; 2) the 55-foot
long, 21-inch-high by 36-inch-wide CMPA culvert 
under Kurtis Drive to be replaced with two, parallel 
205-foot-long, 27-inch-high by 44-inch-wide RCPA 
culverts; and 3) the 37-foot-long, 15-inch-diameter 
CMP culvert under Sunny Slope Road north of 
Watertown Plank Road to be replaced with a 23-inch
high by 36-inch-wide RCPA culvert. 
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Table 48 

COMPONENTS AND COSTS OF THE STRUCTURE FLOODPROOFING 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-10 

(ALTERNATIVE PLAN NO. UC-10c) 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

Village of Elm Grove 1. Regrade and repave eastern driveway area at $45,000 $0 
Elm Grove apartment complex 

Total $45,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

annual operation and maintenance cost Increase 
of$100. 

Alternative Plan No. UC-llb-Detention Storage 
As shown on Map 50, under this alternative plan, a 
detention basin with a maximum storage volume of 
about 0.9 acre-feet during a 100-year storm would be 
constructed on the Community United Methodist 
Church property south of the church building and 
northeast of the intersection of Highland Drive and 
Watertown Plank Road. The provision of detention 
storage would enable the sizes of the downstream 
replacement culverts to be reduced. In addition to 
constructing the detention basin, this alternative plan 
calls for 1) the 237-foot-long, 12-inch-diameter RCP 
culvert on the church property west of San Jose Drive 
be replaced with a new 12-inch-diameter RCP culvert 
to accommodate the proposed detention basin; 2) the 
176-foot-long, combination 15-inch-diameter RCP 
and 24-inch-diameter CMP culvert located west of 
Grandview Drive be replaced with a 23-inch-high by 
36-inch-wide RCPA culvert; 3) the 55-foot-Iong, 21-
inch-high by 36-inch-wide CMPA culvert under 
Kurtis Drive be replaced with a 205-foot-long, 27-
206 

inch high by 44-inch-wide RCPA culvert; and 4) the 
37-foot-Iong, 15-inch-diameter CMP culvert under 
Sunny Slope Road north of Watertown Plank Road 
be replaced with an 18-inch-high by 29-inch-wide 
RCPA culvert. 

As set forth in Table 50, the total present value cost of 
this alternative is estimated to be $242,000, consisting 
of an estimated capital cost of $210,000 and an esti
mated annual operation and maintenance cost increase 
of $2,000. 

Evaluation of Alternative Storm water Drainage Plans 
The foregoing information provides a basis for a 
comparative evaluation of the two alternative plans. 
The principal criteria for the comparative evaluation 
were cost and implementability. The detention alter
native would reduce peak flows somewhat, especially 
in the reaches closest to the proposed detention basin. 
Thus, although both alternative plans provide a similar 
degree of protection of buildings, a secondary con
sideration in the comparison is the depths of flow in 
the drainageway during large storms. 
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Table 49 

COMPONENTS AND COSTS OF THE CULVERT AND SWALE 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-11 

(ALTERNATIVE PLAN NO. UC-11a) 

Estimated Costa 

Location of 
Component Project and Component Designation and Description 

Village of Elm Grove 1. UC11C8-Replace the 176-foot-long, combination 15-
inch-diameter RCP and 24-inch-diameter CMP culvert 
located west of Grandview Drive with a 27-inch-high 
by 44-inch-wide RCPA culvert 

2. UC11C1Q-Replace the 55-foot-long, 21-inch-high by 
36-inch-wide CMPA culvert under Kurtis Drive with 
two parallel 205-foot-long, 27-inch-high by 44-inch-
wide RCPA culverts 

3. UC11C14-Replace the 37-foot-long, 15-inch-diameter 
CMP culvert under Sunny Slope Road north of 
Watertown Plank Road with a 23-inch-high by 36-
inch-wide RCPA culvert 

Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, admini~tration, and contingencies. 

Annual 
Operation and 

Capitalb Maintenancec 

$ 34,000 $ 0 

79,000 100 

6,000 0 

$119,000 $100 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Alternative Plan No. UC-lla is the least costly alter
native. Implementation of Alternative Plan No. UC
lla could increase the peak IOO-year flow at the 
mouth of the drainageway by about 5 percent; 
however, the impact of that change in flow on flood 
flows in Underwood Creek would be negligible. 
Alternative Plan No. UC-II b would maintain the 
existing peak 100-year flow at the mouth of the 
drainageway and it would also reduce flow depths 
along the drainageway somewhat, although any reduc
tions would not be needed to avoid flooding of 
buildings. Alternative Plan No. UC-II b would be 
more difficult to implement than the other alternative 
because it would require purchasing land from the 
Community United Methodist Church. 
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Preliminary Recommended Stormwater Drainage 
Plan/or Hydrologic Unit UC-ll 
Based on cost and implementability, Alternative Plan 
No. UC-II a-Culvert and Swale Conveyance, IS 

selected as the preliminary recommended plan. 

Hydrologic Unit UC_1348 

Description and Evaluation of the 
Stormwater Management System 
Hydrologic Unit UC-13 is a 44-acre area located 
primarily in the eastern part of the Village of Elm 
Grove, as shown on Map 12. About 92 percent of 

48Note that there is no Hydrologic Unit UC-12. 
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Table 50 

COMPONENTS AND COSTS OF THE DETENTION STORAGE AND CULVERT AND SWALE 
CONVEYANCE STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-11 

(ALTERNATIVE PLAN NO. UC-11b) 

Location of 
Component Project and Component Designation and Description 

Village of Elm Grove 1. Construct a 0.9 acre-foot detention basin (includes 
estimated land acquisition cost) 

2. UC11C4-Replace the 237-foot-long, 12-inch-diameter 
RCP culvert on the church property west of San Jose 
Drive with a new 12-inch-diameter RCP culvert to 
accommodate the proposed detention basin 

3. UC11C8-Replace the 176-foot-long, combination 15-
inch-diameter RCP and 24-inch-diameter CMP culvert 
located west of Grandview Drive with a 23-inch-high 
by 36-inch-wide RCPA culvert 

4. UC11C10-Replace the 55-foot-long, 21-inch-high by 
36-inch-wide CMPA culvert under Kurtis Drive with a 
205-foot-long, 27-inch-high by 44-inch-wide RCPA 
culvert 

5. UC11C14-Replace the 37-foot-long, 15-inch-diameter 
CMP culvert under Sunny Slope Road north of 
Watertown Plank Road with an 18-inch-high by 29-
inch-wide RCPA culvert 

Total 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

Estimated Costa 

Annual 
Operation and 

Capitalb Maintenancec 

$120,000 $1,900 

17,000 0 

29,000 0 

39,000 100 

5,000 0 

$210,000 $2,000 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

the unit is located in Elm Grove and the remainder 
is located in the City of Brookfield. The hydrologic 
unit is located along the Milwaukee-Waukesha 
County line between W. North Avenue and Elm
hurst Parkway. 

The hydrologic unit was essentially under full 
buildout land use conditions in 1990. All of the unit 
is developed in urban uses, including about 92 per-
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cent low-density residential and 8 percent com
mercial uses. 

The storm water drainage system consists of a system 
of roadside swales and culverts that discharge to 
the City of Wauwatosa storm water management 
system at the intersection of Elmhurst Parkway and 
N. 124th Street. 



The 1998 Village flooding survey (see Maps 13 
through 17) indicates that most of the problems 
experienced in this hydrologic unit were due to 
clearwater flooding of basements through window 
wells, walls, and overflow from sump crocks. A few 
houses in the hydrologic unit lost electrical power and 
a few experienced sanitary sewer backup. Among 
those who responded to the survey, slightly more than 
half experienced flooding for the second time. The 
remaining respondents experienced flooding for the 
first time. The relatively large number of residences 
experiencing flooding for the first time is consistent 
with the extreme nature of the storm. 

Alternative Stormwater Drainage Plans 
The identified storm water management problems can 
readily be solved through the provision of increased 
hydraulic capacity at existing culverts. There are no 
available locations in this hydrologic unit for the 
provision of significant effective detention storage. 
Significant increases in flows conveyed to the City 
of Wauwatosa system would not be expected as a 
result of upgrading the capacities of selected tributary 
culverts. The development of multiple alternative 
plans is not considered to be necessary and a culvert 
conveyance plan was developed as described below. 

The proposed measures address identified drainage 
problems in the minor system. The solution of those 
problems will also help alleviate sanitary sewer 
backup problems. Yard and basement flooding prob
lems due to local yard grading conditions are not 
addressed by the proposed measures. 

Preliminary Recommended Stormwater Drainage 
Plan/or Hydrologic Unit UC-J3 
To alleviate minor system problems, it is recom
mended that 1) the 48-foot-Iong, 15-inch-diameter 
CMP culvert under Gremoor Drive just west of 
N. 124th Street be replaced with an 18-inch-diameter 
CMP culvert and 2) the 100-foot-long, 18-inch
diameter CMP culvert under Walnut Street just west 
ofN. 124th Street be replaced with a 14-inch-high by 
22-inch-wide RCPA culvert. The recommended 
system is shown on Map 51 . 

As set forth in Table 51, the total capital cost of this 
plan is estimated to be $19,000. The present value 
cost is also estimated to be $19,000, since imple
mentation of the recommendations would not result 
in an increase in annual operation and mainte
nance costs. 

Hydrologic Unit UC-14 
Description and Evaluation 0/ the 
Stormwater Management System 
Hydrologic Unit UC-14 is a 156-acre area located 
primarily in the east-central part of the Village of Elm 
Grove, as shown on Map 12. The hydrologic unit is 
located along the Milwaukee-Waukesha County line 
north and south of Watertown Plank Road. 

The hydrologic unit was essentially under full 
buildout land use conditions in 1990. All of the unit 
is developed in urban uses, including about 69 percent 
low-density residential, 24 percent governmental and 
institutional, 4 percent commercial, and 3 percent 
industrial uses. 

The storm water drainage system consists of a system 
of roadside swales and culverts that discharge to 
the City of Wauwatosa storm water management 
system at the intersection of Centa Lane and N. 124th 
Street, at Knoll Road and N. 124th Street, and along 
the north side of the Canadian Pacific Railway at the 
Milwaukee-Waukesha County line. 

The 1998 Village flooding survey (see Maps 13 
through 17) indicates that most of the problems 
experienced in this hydrologic unit were due to clear
water flooding of basements through window wells, 
walls, and overflow from sump crocks. Many 
properties in the hydrologic unit lost electrical power 
and a few experienced sanitary sewer backup. Among 
those who responded to the survey, somewhat more 
than half experienced flooding for the second time. 
All but two of the remaining respondents experi
enced flooding for the first time. The relatively large 
number of properties experiencing flooding for the 
first time is consistent with the extreme nature of 
the storm. 

Alternative Stormwater Drainage Plans 
The identified storm water management problems can 
readily be solved through the provision of increased 
hydraulic capacity at existing culverts. There are no 
available locations in this hydrologic unit for the 
provision of significant effective detention storage. 
The hydrologic and hydraulic models of the existing 
and proposed storm water drainage system indicate 
that the peak flows conveyed to the City of 
Wauwatosa system would not be expected to increase 
as a result of the proposed culvert replacements. The 
development of multiple alternative plans is not 
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TableS1 

COMPONENTS AND COSTS OF THE CULVERT CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-13 

Estimated Costs 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capital b Maintenancec 

Village of Elm Grove 1. UC13C3-Replace the 48-foot-long, 15-inch-diameter $ 3,000 $0 
CMP culvert under Gremoor Drive just west of N. 
124th Street with an 18-inch-diameter CMP culvert 

2. UC13C4-Replace the 100-foot-long, 18-inch-diameter 16,000 0 
CMP culvert under Walnut Street just west of N. 124th 
Street with a 14-inch-high by 22-inch-wide RCPA 
culvert 

Total $19,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b'nc'udes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

measures address identified drainage problems in the 
minor system. 

Preliminary Recommended Stormwater Drainage 
Plan/or Hydrologic Unit UC-14 
To alleviate minor system problems, it is recom
mended that 1) the 55-foot-long, 12-inch-diameter 
CMP culvert on the west side of Longwood Avenue at 
Centa Lane be replaced with a 24-inch-diameter CMP 
culvert; 2) the 35-foot-Iong, 18-inch-diameter CMP 
culvert under Longwood Avenue at Centa Lane be 
replaced with a 24-inch-diameter CMP culvert; and 
3) the 332-foot-Iong, 15- and 18-inch-diameter CMP 
culvert along the north side of Centa Lane between 
Longwood Avenue and Woodside Lane be replaced 
with a 24-inch-diameter CMP culvert. The recom
mended system is shown on Map 52. 

As set forth in Table 52, the total capital cost of this 
plan is estimated to be $33,000. The present value 
cost is also estimated to be $33,000, since imple
mentation of the recommendations would not result 
in an increase in annual operation and mainte
nance costs. 

Hydrologic Unit UC_1649 

Description and Evaluation 0/ the Storm water 
Management System 
Hydrologic Unit UC-16 is a 153-acre area located in 
the eastern part of the City of Brookfield, as shown 
on Map 12. The hydrologic unit is located between 
N. 124th Street on the east, N. 131 st Street on the 
west, W. North Avenue on the south, and Pinewood 
Road on the north. 

The hydrologic unit was essentially under full build
out land use conditions in 1990. All of the unit is 
developed in urban uses, including about 85 percent 
low-density residential and 15 percent commercial. 

The storm water drainage system consists of a 
system of storm sewers that discharge to the City 
of Wauwatosa stormwater management system just 
south of the intersection of Arbor Drive and 
N. 124th Street. 

49Note that there is no Hydrologic Unit UC-15. 
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Map 52 

PRELIMINARY RECOMMENDED CULVERT CONVEYANCE PLAN FOR HYDROLOGIC UNIT UC-14 
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Table 52 

COMPONENTS AND COSTS OF THE CULVERT CONVEYANCE 
STORMWATER DRAINAGE PLAN FOR HYDROLOGIC UNIT UC-14 

Estimated Costa 

Annual 
Location of Operation and 
Component Project and Component Designation and Description Capitalb Maintenancec 

Village of Elm Grove 1. Replace the 55-foot-long, 12-inch-diameter CMP $ 4,000 $0 
culvert on the west side of Longwood Avenue at 
Centa Lane with a 24-inch-diameter CMP culvert 

2. Replace the 35-foot-long, 18-inch-diameter CMP 3,000 0 
culvert under Longwood Avenue at Centa Lane with 
a 24-inch-diameter CMP culvert 

3. UC14C1-Replace the 332-foot-long, 15- and 18-inch- 26,000 0 
diameter CMP culvert along the north side of Centa 
Lane between Longwood Avenue and Woodside Lane 
with a 24-inch-diameter CMP culvert 

Total $33,000 $0 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

blncludes 35 percent for engineering, administration, and contingencies. 

cOperation and maintenance costs are listed as $0 when an existing component is replaced with a component having 
similar operation and maintenance costs. 

Source: SEWRPC. 

Limited, localized drainage and sanitary sewer backup 
problems were reported in this hydrologic unit during 
the extreme storm of August 6, 1998. The analyses 
conducted for this planning effort identified no system 
inadequacies within the context of the minor and 
major system criteria that were adopted. 

Plan Recommendations 
No deficiencies in the public stormwater management 
system were identified and no new storm water 
management measures are recommended for this 
hydrologic unit. 

Additional Alternative Stormwater Drainage Plans 
Evaluated by the Village of Elm Grove 
At the request of the Elm Grove subcommittee of the 

Underwood Creek Task Force, Ruekert & Mielke, 
Inc., the Village engineer, investigated a plan that 
would divert runoff from those portions of Hydro
logic Units UC-I0 and UC-II in the City of 
Brookfield south of W. Bluemound Road. It was 
proposed that the runoff would be conveyed in a 
storm sewer that would be located along the south 
side of W. Bluemound Road and would discharge 
to the South Branch of Underwood Creek near the 
Milwaukee County line. The preliminary evaluation 
of this alternative was presented in a December 14, 
1998, letter report from Ruekert & Mielke to the 
Village. The approach was eliminated from further 
consideration due to high costs and the lack of a 
component to mitigate possible increases in down
stream flows. 
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Chapter VI 

RECOMMENDED STORMWATER 
AND FLOODLAND MANAGEMENT PLAN 

INTRODUCTION 

The recommended storm water and floodland manage
ment plan for the Dousman Ditch and Underwood 
Creek subwatersheds consists of three elements: a 
water quality management el~ment, a stormwater 
drainage element, and a flood land management ele
ment. Preliminary recommendations for those three 
plan elements were presented in Chapters IV and V of 
this volume. This chapter describes the compre
hensive recommended plan that combines the three 
plan elements. This chapter also presents auxiliary 
plan recommendations regarding preservation ofnatu
ral resources and open spaces, revisions to the City 
and Village floodplain maps, and maintenance of 
storm water management facilities; and provides esti
mates of the cost of the recommended plan. 

RECOMMENDED STORMWATER 
MANAGEMENT PLAN 

The components of the recommended storm water 
management plan and their estimated capital and 
annual operation and maintenance costs are sum
marized in Table 53. The plan combines the pre
liminary recommended water quality management 
plan element described in Chapter IV and the 
preliminary recommended storm water drainage plan 
element described in Chapter V. The recommended 
stormwater management plan is summarized in 
graphic form on Map 53. Detailed descriptions of the 
recommended storm water management plan compo
nents for each of the hydrologic units in the study area 
are provided in Chapters IV and V. 

The recommended storm water management plan 
calls for 1) the construction of a dual-purpose wet 
detention basin with a permanent pond area of 19 
acres along the upper reach of Dousman Ditch west 
of Pilgrim Parkway and north of Wisconsin Avenue 
extended; 2) the provision of new or replacement 
culverts and storm sewers at potential problem 
areas throughout the study area; 3) limited swale 

modification; 4) acquisition of one house and the 
associated lot on Indianwood Drive; 5) floodproofing 
of two houses along Victoria Circle North; 6) flood
proofing of basement garages at two apartment 
buildings in Elm Grove; 7) the construction of a 
stormwater pumping station with a capacity of 100 cfs 
along the east side of Lilly Road, north of W. North 
Avenue; and 8) increased sweeping of about 23 curb
miles of streets in critical land use areas in both 
Brookfield and Elm Grove. 

Wet Detention Basin 
The recommended wet detention basin would provide 
about 23 acre-feet of floodwater storage and an 87 
acre-foot permanent pond for the control of nonpoint 
source pollution. Runoff from approximately 1,240 
acres of land would be controlled. The basin would 
have a permanent pond elevation of about 824 feet 
above National Geodetic Vertical Datum, 1929 
adjustment (NGVD29). The basin would be excavated 
adjacent to Dousman Ditch and no dikes would be 
required for the water quality portion of the basin. 
Outflow from the detention basin would be controlled 
by a v-notch weir or similar outlet structure to 
produce longer residence times for settling of 
nonpoint source pollutants during relatively low 
flow conditions. 

The basin site is in an area that is designated for City 
ownership and open space preservation in the City 
park and open space plan.' The park plan calls for the 
construction of a portion of the City trail system in the 
area adjacent to the detention basin. The basin cou Id 
be landscaped and designed to be an amenity that 
would enhance the proposed recreation area and 
complement the proposed trail. 

'SEWRPC Community Assistance Planning Report 
No. 108, A Park and Open Space Plan for the 
City of Brookfield, Waukesha County, Wisconsin, 
August 1991. 
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Table 53 

COMPONENTS AND COSTS OF THE RECOMMENDED STORMWATER AND FLOODLAND 
MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 

Estimated Costa 

Annual 
Hydrologic Location of Operation and 

Unit Component Project and Component Designation and Description Capitalb Maintenancec 

Stormwater Drainage Plan Element 

Dousman Ditch Subwatershed 

- - City of Brookfield 1. Dousman Ditch detention basin - -d - -

Culvert and Storm Sewer Conveyance Plan 

00-2 City of Brookfield 1. DD2C1-Replace 44 feet of 18-inch CMP culvert $ 3,000 $ 0 
under Patricia Lane at Calhoun Drive with 21-inch 
CMP 

2. DD2C11-Replace 108 feet of 21-inch concrete 11,000 0 
storm sewer in Lucy Circle north of Evergreen 
Court with 24-inch RCP storm sewer 

Subtotal DD-2 $ 14,000 $ 0 

Culvert, Roadside Swale, and Storm Sewer Conveyance Plan 

00-5 Village of Elm Grove 1. DD5C24-Replace 165 feet of 18-inch CMP culvert $ 40,000 $ 90 
on N. Verdant Drive north of Watertown Plank 
Road with twin 22-inch by 36-inch CMPA 

2. DD5C25-Retain the 38-foot-long, twin 33-inch by 10,000 40 
49-inch CMPA culverts crossing N. Verdant Drive 
north of Watertown Plank Road and add two 
parallel 22-inch by 36-inch CMPA 

3. DD5C33/A-Retain one 257-foot-long, 48-inch CMP 210,000 70 
culvert and one 257-foot-long, 36-inch CMP north 
of Watertown Plank Road east of Pilgrim Parkway 
and add a 270-foot-long, four-foot by eight-foot 
reinforced concrete (RC) box 

4. DD5C33D/E-Retain the two 52-foot-long, 49-inch 45,000 20 
by 33-inch CMPA culvert crossing Pilgrim Parkway 
north of Watertown Plank Road and add a 60-foot-
long, four-foot by eight-foot RC box 

Subtotal $ 305,000 $ 220 

City of Brookfield 5. DD5C26--Replace 30 feet of 15-inch CMP culvert $ 2,000 $ ° crossing Mt. Vernon Avenue west of Westmoor 
Drive with 18-inch CMP 

Subtotal DD-5 $ 307,000 $ 220 

Storm Sewer Conveyance Plan 

00-7 Village of Elm Grove 1. DD7C3-Replace 318 feet of 24-inch storm sewer $ 55,000 $ ° east of Briaridge Court with 27-inch by 44-inch 
RCPA storm sewer 

2. DD7C4-Replace 295 feet of 24-inch corrugated 51,000 ° polyethylene storm sewer west of Briaridge Court 
with 27-inch by 44-inch RCPA storm sewer 

Subtotal 00-7 $ 106,000 $ ° Storm Sewer Conveyance and Building Acquisition Plane 

DD-8 City of Brookfield 1. DD8C5-Replace 400 feet of 24-inch corrugated $ 70,000 $ ° Indianwoodl polyethylene storm sewer with 27-inch by 44-inch 
Onondaga RCPA storm sewer 

Area 

2. House and lot acquisition 270,000 0 

3. Lot and ditch regrading and landscaping 15,000 500 

Subtotal $ 355,000 $ 500 
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Table 53 (continued) 

Estimated Costa 

Annual 
Hydrologic Location of Operation and 

Unit Component Project and Component Designation and Description Capitalb Maintenancec 

Storm Sewer and Swale Conveyance with Structure Floodproofing Plan 

DD-8 Village of Elm Grove 1. Replace 340 feet of 15-inch-diameter CMP storm $ 97,000 $ 600 
Victoria Circle sewer in Victoria Circle North with 1,400 feet of 18-

North Area inch-diameter PVC storm sewer and add a 50-foot-
long, 12-inch-diameter PVC wetland outlet with a 
backwater gate 

2. Construct a 570-foot-long, grass-lined, trapezoidal 50,000f 300 
overflow swale with one vertical on four 
horizontal side slopes and a 60-foot-wide bottom 

3. Floodproof two houses on the north side of 23,000 200 
Victoria Circle North 

Subtotal $ 170,000 $ 1,100 

Subtotal DD-8 $ 525,000 $ 1,600 

Storm Sewer and Culvert Conveyance Plan 

DD-9 City of Brookfield 1. DD9C18-Replace 630 feet of 18-inch CMP storm $ 72,000 $ 0 
sewer on Gebhardt Road between Church View 
Drive and Alverno Drive with 27-inch RCP storm 
sewer 

2. DD9C12-Replace 247 feet oftwin 21-inch storm 56,000 0 
sewer at Eileen Court north of Gebhardt Road with 
twin 27-inch RCP storm sewer 

Subtotal $ 128,000 $ 0 

Village of Elm Grove 3. DD9C30-Replace 42 feet of 18-inch CMP culvert $ 4,000 $ 0 
crossing Pilgrim Parkway north of Gebhardt Road 
with 30-inch CMP 

Subtotal DD-9 $ 132,000 $ 0 

Subtotal Dousman Ditch Subwatershed $ 1,084,000 $ 1,820 

Underwood Creek Subwatershed 

Storm Sewer and Culvert Conveyance Plan 

UC-1 City of Brookfield 1. UC-1C37-Replace 59 feet of 15-inch storm sewer $ 7,000 $ 0 
crossing Kings View Lane north of Burleigh 
Boulevard with 18-inch by 29-inch RCPA storm 
sewer 

2. UC-1C19-Replace 389 feet of 16-inch-diameter 34,000 0 
cast iron storm sewer east of Smith Drive south of 
Luella Drive with 18-inch RCP storm sewer 

3. Replace 44 feet of 18-inch CMP culvert crossing 4,000 0 
Smith Drive south of Luella Drive with 18-inch RCP 
culvert 

4. Replace 175 feet of eight-inch concrete storm 15,000 0 
sewer located south of Luella Drive and east of 
Smith Drive with 18-inch RCP storm sewer 

5. UC-1 C29-Replace 166 feet of 18-inch storm sewer 16,000 0 
in drainage easement north of Burleigh Road east 
of Marti Lane with 21-inch storm sewer 

Subtotal UC-1 $ 76,000 $ 0 

Culvert Conveyance Plan 

UC-2 City of Brookfield 1. UC-2C7-Replace 41 feet of 18-inch storm sewer $ 4,000 $ 0 
crossing Hillsdale Drive north of W. North Avenue 
with 21-inch RCP storm sewer 

Subtotal UC-2 $ 4,000 $ 0 

Storm Sewer Conveyance Plan 

UC-4 City of Brookfield 1. UC4C17-Replace 530 feet of 18-inch RCP storm $ 55,000 $ 0 
sewer in drainage easement between San Raphael 
Drive and Pomona Road with 24-inch RCP storm 
sewer 
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Table 53 (continued) 

Estimated Costa 

Annual 
Hydrologic Location of Operation and 

Unit Component Project and Component Designation and Description Capitalb Maintenancec 

UC-4 City of Brookfield 2. UC4C18-Replace 210 feet of 21-inch RCP storm $ 24,000 $ 60 
(continued) (continued) sewer in drainage easement between Pomona 

Road and Underwood Creek with 27-inch RCP 
storm sewer 

Subtotal UC-4 $ 79,000 $ 60 

Storm Sewer Conveyance Plan 

UC-5 City of Brookfield 1. UC5C3G-Replace 249 feet of 18-inch RCP storm $ 40,000 $ 0 
sewer in Westwood Drive with 24-inch-high by 
38-inch-wide RCP HE storm sewer 

2. UC5C30A-Retain 195 feet of 21-inch RCP storm 20,000 110 
sewer in Westwood Drive and add a parallel 24-
inch diameter RCP storm sewer at a slope of 0.10 
percent 

3. UC5C31-Retain 148 feet of 24-inch RCP storm 15,000 100 
sewer in a drainage easement between Westwood 
Drive and the North Branch of Underwood Creek 
and add a parallel 24-inch diameter RCP storm 
sewer 

4. UC5C21-Retain 95 feet of 24-inch RCP storm sewer 10,000 80 
in the intersection of Crestview Circle and 
Westwood Drive and add a parallel 24-inch 
diameter RCP storm sewer 

5. UC5C22-Retain 200 feet of 27-inch RCP storm 23,000 110 
sewer in a drainage easement between the 
intersection of Westwood Drive and Crestview 
Circle and the North Branch of Underwood Creek 
and add a parallel 27-inch diameter RCP storm 
sewer 

Subtotal UC-5 $ 108,000 $ 400 

Storm Sewer Conveyance Plan 

UC6 City of Brookfield 1. UC6C4-Replace the existing 587-foot-long, 24- $ 62,000 $ 0 
inch-diameter CMP in San Marcos Drive and in a 
drainage easement between San Marcos Drive 
and Sunny View Lane with 27-inch RCP storm 
sewer 

2. UC6C5-Replace the 51-foot-long, 27-inch- 15,000 0 
diameter CMP and the 77-foot-long, 27-inch-
diameter RCP in Sunny View Lane with 27-inch-
diameter RCP laid at a constant slope 

3. UC6C7-Replace the 310-foot-long, 27-inch- 39,000 0 
diameter RCP in a drainage easement northeast of 
East View Court with 30-inch-diameter RCP storm 
sewer 

4. UC6C8-Replace the 243-foot-long, 30-inch- 36,000 0 
diameter storm sewer in the drainage easement 
west of San Juan Trail and in San Juan Trail with 
36-inch-diameter RCP storm sewer 

5. UC6C9-Replace the 201-foot-long, 36-inch- 36,000 0 
diameter RCP in the drainage easement between 
San Juan Trail and the North Branch with 42-inch-
diameter RCP storm sewer 

6. Replace the 206-foot-long, 12-inch-diameter RCP 20,000 0 
storm sewer in a drainage easement west of San 
Juan Trail and north of W. Burleigh Road with 21-
inch-diameter RCP storm sewer 

7. Replace the 226-foot-long, 15-inch-diameter RCP 26,000 0 
storm sewer in San Juan Trail and in an easement 
to the east of San Juan Trail with 27-inch-diameter 
RCP storm sewer 
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Table 53 (continued) 

Estimated Costa 

Annual 
Hydrologic Location of Operation and 

Unit Component Project and Component Designation and Description Capitalb Maintenancec 

UC-6 City of Brookfield 8. Replace the 258-foot-long, 12-inch-diameter RCP $ 22,000 $ 0 
(continued) (continued) storm sewer flowing from south to north on the 

east side of Lilly Road opposite BEHS with 18-
inch-diameter RCP storm sewer 

9. Replace the 260-foot-long, 15-inch-diameter RCP 23,000 0 
storm sewer flowing from north to south on the 
east side of Lilly Road opposite BEHS with 18-
inch-diameter RCP storm sewer 

10. UC6C10-Repiace the 607-foot-long, 18-inch- 60,000 0 
diameter RCP storm sewer in Lilly Road and the 
BEHS north parking lot with 21-inch-diameter RCP 
storm sewer 

11. UC6C11-Replace the 425-foot-long, 18-inch- 53,000 0 
diameter RCP storm sewer in the BEHS north 
parking lot with 30-inch-diameter RCP storm 
sewer 

12. UC6C12-Replace the 305-foot-long, 18-inch- 46,000 0 
diameter RCP storm sewer in the BEHS north 
parking lot with 36-inch-diameter RCP storm 
sewer 

13. UC6CAA-Replace the 44-foot-long, 12-inch- 2,000 0 
diameter CMP storm sewer under Lilly Road just 
south of W. Burleigh Road with a 15-inch CMP 

Subtotal UC-6 $ 440,000 $ 0 

Storm Sewer Conveyance and Pumping Plan 

UC-7 City of Brookfield 1. Replace the existing 250-foot-long, 12-inch- $ 48,000 $ 0 
diameter RCP storm sewer in Carson Court with 
27-inch-high by 44-inch-wide RCPA storm sewer 

2. Replace the 25-foot-long, 12-inch-diameter RCP 4,000 0 
along Oakhill Lane northeast of Carson Court with 
23-inch-high by 36-inch-wide RCPA storm sewer 

3. Replace the 67-foot-long, 15-inch-diameter 11,000 0 
polyvinyl chloride (PVC) storm sewer under 
Oakhill Lane near its intersection with Thornapple 
Lane with 23-inch-high by 36-inch-wide RCPA 
storm sewer 

4. Replace the 63-foot-long, 15-inch-diameter RCP 12,000 0 
under Carson Court at its intersection with Oakhill 
Lane with 27-inch-high by 44-inch-wide RCPA 
storm sewer 

5. UC7C12-Replace the 539-foot-long, 18-inch- 103,000 0 
diameter storm sewer along Oakhill Lane 
southwest of Carson Court with 27-inch-high by 
44-inch-wide RCPA 

6. UC7C12B-Replace the 464-foot-long, 18-inch- 103,000 0 
diameter RCP along Oakhill Lane with 31-inch-
high by 51-inch-wide RCPA storm sewer 

7. UC7C12C-Replace the 33-foot-long, 30-inch- 7,000 60 
diameter CMP under Lilly Road at Oakhill Lane 
with 31-inch-high by 51-inch-wide RCPA storm 
sewer 

8. UC7D7A-Modify the 400-foot-long swale along 6,000 200 
the north side of Oakhill Lane between Lilly Road 
and EI Rancho Drive to have a parabolic shape 
approximating a trapezoid with a seven-foot-wide 
bottom and one vertical on two horizontal side 
slopes 

9. UC7C10-Replace the 48-foot-long, 24-inch- 21,000 0 
diameter CMP culvert under EI Rancho Drive at its 
intersection with Oakhill Lane with a double 31-
inch-high by 51-inch-wide RCPA 
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Table 53 (continued) 

Estimated Costa 

Annual 
Hydrologic Location of 

Capitalb 
Operation and 

Unit Component Project and Component Designation and Description Maintenancec 

UC-7 City of Brookfield 10. Construct stormwater pumping station with 100 $ 1,S30,OOO $ S,500 
(continued) (continued) cfs pumping capacity 

11. 600 feet of 48-inch-diameter RCP force main 130,000 200 

12. 755 feet of 48-inch-diameter storm sewer draining 160,000 200 
to pump station 

13. 500 feet of 54-inch-diameter storm sewer draining 120,000 100 
to pump station 

14. Grade lot at 13S30 Adelaide Lane to drain toward 10,000 0 
street 

Subtotal UC-7 $ 2,565,000 $ 9,200 

Storm Sewer and Culvert Conveyance Plan 

UC-S Village of Elm Grove 1. UC-SC3-Replace the 77-foot-long, 21-inch- $ 15,000 $ 0 
diameter CMP culvert under Fairhaven Boulevard 
at Wrayburn Road with a 27-inch-high by 44-inch-
wide RCPA culvert 

2. UC-SC7-Replace the 44-foot-long, 1S-inch- 6,000 0 
diameter CMP culvert crossing the southern lanes 
of Wrayburn Road between Arrowhead Court and 
Fairhaven Boulevard with an 1S-inch-high by 29-
inch-wide RCPA culvert 

3. UC-SC13-Replace the 53-foot-long, 1S-inch- 4,000 0 
diameter CMP under the southern lanes of 
Wrayburn Road on the east side of Arrowhead 
Court with a 27-inch diameter CMP culvert 

4. UC-SC14-Replace the 51-foot-long, 1S-inch- 6.000 0 
diameter CMP under the northern lanes of 
Wrayburn Road on the east side of Arrowhead 
Court with a 24-inch-high by 35-inch-wide CMPA 
culvert 

5. UC-SC16--Replace the 52-foot-long, 1S-inch- 13,000 100 
diameter CMP under the northern lanes of 
Wrayburn Road on the west side of Arrowhead 
Court with two, parallel 1S-inch-high by 29-inch-
wide RCPA culverts 

6. UC-SC25-Replace the 221-foot-long, 1S-inch- 23,000 0 
diameter CMP culvert along the west side of 
Hollyhock Lane at its intersection with Wrayburn 
Road with an 1S-inch-high by 29-inch-wide CMPA 
culvert 

7. UC-SC26--Replace the 1S0-foot-long, parallel 91,000 0 
double 33-inch-high by 48-inch-wide CMPA 
culverts in the Wrayburn Tributary under 
Hollyhock Lane with two, parallel 36-inch-high by 
5S-inch-wide RCPA culverts 

8. Replace the 630-foot-long, 15-inch-high by 21- 73,000 0 
inch-wide CMPA located outside of the public 
right-of-way between Lee Court and Wrayburn 
Road with a 42-inch-diameter CMP 

9. Replace the S2-foot-long, 12-inch-diameter CMP 7,000 0 
storm sewers under Wrayburn Road and San 
Fernando Drive with a 15-inch-diameter RCP 
storm sewer 

10. Replace the 327-foot-long, 15-inch-diameter CMP 2S,OOO 0 
storm sewer along the north side of Wrayburn 
Road between San Fernando Drive and the 
Wrayburn Tributary with a 15-inch-diameter RCP 
storm sewer 
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Table 53 (continued) 

Estimated Costa 

Annual 
Hydrologic Location of Operation and 

Unit Component Project and Component Designation and Description Capitalb Maintenancec 

UC-8 Village of Elm Grove 11. Install 410 feet of 15-inch-diameter RCP storm $ 41,000 $ 200 
(continued) (continued) sewer from the south side of Lloyd Street through 

and San Fernando Drive and in an easement to be 
obtained between San Fernando Drjve and a 
tributary to the Wrayburn Tributary 

12. Install 65 feet of 15-inch-diameter RCPA storm 89,000 400 
sewer, followed by 230 feet of 18-inch-diameter 
RCP storm sewer, followed by 315 feet of 18-inch-
high by 29-inch-wide RCPA storm sewer from the 
north side of Garfield Street to the north side of 
Lloyd Street, across San Fernando Drive, and then 
in an easement to be obtained between San 
Fernando Drive and the tributary to the Wrayburn 
Tributaryg 

Subtotal $ 396,000 $ 700 

City of Brookfield 13. UC-7C21 h-Replace the 74-foot-long, 21-inch- $ 11,000 $ 0 
diameter RCP culvert under N. 131st Street on the 
north side of W. North Avenue with two, parallel 
24-inch-diameter RCP culverts 

Subtotal UC-8 $ 407,000 $ 700 

Storm Sewer and Culvert Conveyance Plan 

UC-9 Village of Elm Grove 1. UC9-C1-Replace the 44-foot-long, 18-inch- $ 5,000 $ 0 
diameter CMP culvert under Fairhaven Boulevard 
at Elmhurst Parkway with a 24-inch-high by 35-
inch-wide CMPA culvert 

2. UC9-C2-Replace the 31-foot-long, 18-inch- 4,000 0 
diameter CMP culvert under Shady Lane at 
Elmhurst Parkway with a 24-inch-high by 35-inch-
wide CMPA culvert 

3. UC9-C3-Replace the 37-foot-long, 21-inch- 5,000 0 
diameter CMP culvert under Blue Ridge Boulevard 
at Elmhurst Parkway with a 29-inch-high by 42-
inch-wide CMPA culvert 

4. UC9-C6-Replace the 438-foot-long, 27-inch-high 111,000 $ 0 
by 42-inch-wide CMPA storm sewer located 
between the northern and southern lanes of 
Elmhurst Parkway just west of Notre Dame 
Boulevard with a 36-inch-high by 58-inch-wide 
RCPA storm sewer 

5. UC9-C8 and UC9C11-Replace the 962-foot-long, 284,000 0 
27-inch-high by 42-inch-wide CMPA storm sewer 
located between the northern and southern lanes 
of Elmhurst Parkway between Church Street and 
Legion Drive with a 40-inch-high by 65-inch-wide 
RCPA storm sewer 

Subtotal UC-9 $ 409,000 $ 0 

Structure Floodproofing Plan 

UC-10 Village of Elm Grove 1. Regrade and repave eastern driveway area at Elm $ 45,000 $ 0 
Grove apartment complex to floodproof basement 
parking garages at two apartment buildings 

Subtotal UC-10 $ 45,000 $ 0 

Culvert and Swale Conveyance Plan 

UC-11 Village of Elm Grove 1. UC11C8-Replace the 176-foot-long, combination $ 34,000 $ 0 
15-inch-diameter RCP and 24-inch-diameter CMP 
culvert located west of Grandview Drive with a 27-
inch-high by 44-inch-wide RCPA culvert 

2. UC11C10-Replace the 55-foot-long, 21-inch-high 79,000 100 
by 36-inch-wide CMPA culvert under Kurtis Drive 
with two parallel 205-foot-long, 27-inch-high by 
44-inch-wide RCPA culverts 
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Table 53 (continued) 

Estimated Costa 

Annual 
Hydrologic Location of Operation and 

Unit Component Project and Component Designation and Description Capitalb Maintenancec 

UC-11 Village of Elm Grove 3. UC1 1C14-Replace the 37-foot-long, 15-inch- $ 6,000 $ 0 
(continued) (continued) diameter CMP culvert under Sunny Slope Road 

north of Watertown Plank Road with a 23-inch-
high by 36-inch-wide RCPA culvert 

Subtotal UC-11 $ 119,000 $ 100 

Culvert Conveyance Plan 

UC-13 Village of Elm Grove 1, UC13C3-Replace the 48-foot-long, 15-inch- $ 3,000 $ 0 
diameter CMP culvert under Gremoor Drive just 
west of N. 124th Street with an 18-inch-diameter 
CMP culvert 

2. UC13C4-Replace the 100-foot-long, 18-inch- 16,000 0 
diameter CMP culvert under Walnut Street just 
west of N. 124th Street with a 14-inch-high by 22-
inch-wide RCPA culvert 

Subtotal UC-13 $ 19,000 $ 0 

UC-14 Village of Elm Grove 1. Replace the 55-foot-long, 12-inch-diameter CMP $ 4,000 $ 0 
culvert on the west side of Longwood Avenue at 
Centa Lane with a 24-inch-diameter CMP culvert 

2. Replace the 35-foot-long, 18-inch-diameter CMP 3,000 0 
culvert under Longwood Avenue at Centa Lane 
with a 24-inch-diameter CMP culvert 

3. UC14C1-Replace the 332-foot-long, 15- and 18- 26,000 0 
inch-diameter CMP culvert along the north side of 
Centa Lane between Longwood Avenue and 
Woodside Lane with a 24-inch-diameter CMP 
culvert 

Subtotal UC-14 $ 33,000 $ 0 

Subtotal Underwood Creek Subwatershed $ 4,304,000 $10,460 

- - - - Subtotal Stormwater Drainage Plan Element $ 5,388,000 $12,280 

Water Quality Management Plan Element 

Dousman Ditch Detention Basin with Increased Street Sweeping in Critical Areas 

- - City of Brookfield 1. 19-acre, 87-acre-foot detention basin $ 3,780,000i $ 9,000 

-- City of Brookfield 2. Access roadS/baffles 120,000 0 

- - City of Brookfield 3. Open channel to convey runoff to pond 100,000 0 

-- City of Brookfield 4. Land acquisition 90,00oi 0 

-- Village of Elm Grove 5. Street sweeping (23 curb-miles)k 6,000 7,000 
City of Brookfield 

- - Village of Elm Grove 6. Site-specific controls for new development or - -I - -I 

City of Brookfield redevelopment 

- - Village of Elm Grove 7. Development or expansion of public education --I - -I 

City of Brookfield programs and resultant improved urban 
"housekeeping" practices 

-- Village of Elm Grove 8. Strict enforcement of construction erosion control --I - -I 
City of Brookfield ordinances 

- - Village of Elm Grove 9. Limited streambank stabilization - -I - -I 
City of Brookfield 

- - Village of Elm Grove 10. Reduced application of street sand --I - -I 

City of Brookfield 

-- - - Subtotal Water Quality $ 4,096,000 $16,000 
Management Plan Element 

Floodland Management Plan Element 

Limited Dousman Ditch Detention Storage, Underwood Creek Overflow Channel and 
Diversion, and Compensating Storage with Structure Floodproofing and Removal 

-- City of Brookfield 1. Dousman Ditch detention basin i - - - -

- - City of Brookfield 2. Land acquisition $ 260,000j - -
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Table 53 (continued) 

Hydrologic Location of 
Unit Component Project and Component Designation and Description 

- - Village of Elm Grove 3. Construct 4,100-foot-long, grass lined overflow 
channelm 

- - Village of Elm Grove 4. Install three parallel 31-foot-long, four-foot-high 
by 10-foot-wide reinforced concrete box culverts 
in the overflow channel at Marcella Avenue 

-- Village of Elm Grove 5. Install two parallel 28-foot-long, five-foot-high by 
10-foot-wide reinforced concrete box culverts in 
the overflow channel at the Village Hall Drive 

- - Village of Elm Grove 6. Install 5,400-foot-long, double six-foot-high by 
seven-foot-wide reinforced concrete box diversion 
culverts 

- - Village of Elm Grove 7. Easements for diversion culverts 

- - Village of Elm Grove 8. Provide 35 acre-feet of excavated storage in the 
Village Park 

- - City of Brookfield 9. Provide 14 acre-feet of excavated storage along 
Underwood Creek in Brookfield upstream of W. 
North Avenue 

-- City of Brookfield 10. Purchase six houses in Brookfield for construction 
of storage area upstream ofW. North Avenue 

- - Village of Elm Grove 11. Floodproof one house in Brookfield and two in 
City of Brookfield Elm Groven 

-- Village of Elm Grove 12. Floodproof three apartment buildings in Elm 
Groveo 

- - Village of Elm Grove 13. Floodproof one commercial building in Brookfield 
City of Brookfield and seven in Elm GroveP 

- - Village of Elm Grove 14. Pilgrim Parkway road grade raise and associated 
culverts 

- - City of Brookfield 15. Clearwater Drive culvert replacement, road grade 
raise, and provision of one acre-foot of floodwater 
storage volumeq 

- - -- Subtotal Floodland Management Plan Element 

-- - - Total Storm water and 
Floodland Management Plan 

aCosts based upon 1998 Engineering News-Record Construction Cost Index = 6,740. 

b/nc/udes 35 percent for engineering, administration, and contingencies. 

Estimated Costa 

Annual 
Operation and 

Capitalb Maintenancec 

$ 1,400,000 - -

85,000 --

140,000 - -

9,300,000 - -

100,000 - -

1,500,000 - -

640,000 - -

900,000 - -

35,000 --

10,000 --

215,000 - -

50,000 --

120,000 - -

$14,755,000r,s $36,000 

$24,239,000 $64,280 

cOperation and maintenance costs are listed as $0 when an existing component is rep/aced with a component having similar operation and 
maintenance costs. 

dThe costs for this detention basin are assigned to the water quality and flood/and management elements of the plan, but the basin is listed 
here to emphasize that it is a/so an important component of the storm water drainage system. 

eThe possibility of installing a large culvert to convey flows up to the peak rate of runoff from a 100-year storm and to eliminate the need to 
acquire a house and lot could be considered in the plan implementation!final design stage. 

flncludes removal of abandoned tennis court at Pilgrim Park Middle School. 

gEasement assumed to cost $5,000. 

hMost runoff tributary to this culvert drains to Hydrologic Unit UC-8, but some drains to UC-7, thus, it was assigned to UC-7 when it was 
designated. 

iA cost of $1,800,000 was assigned to the detention basin under the water quantity control element in Chapter V to enable a consistent 
comparison with the other f100dland management alternatives. However, because it would be necessary to spend the $1,800,000 to construct 
the wet basin for quality control, it is assigned to the water quality management plan element in this table. If during the facilities design stage 
it is determined that an impervious liner is required for the wet detention basin, this cost would be increased by about $600,000. 

hand acquisition cost apportioned between flood/and and water quality management elements. 

kSweep every four weeks between April 1 and October 31. 
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Table 53 Footnotes (continued) 

INa specific costs estimated. 

mThe overflow channel would be located on six existing outlots and in the Village park. It would be necessary to obtain easements from the 
owners of the outlots. The cost of such easements would be determined in negotiations between the Village and the owners. Thus, no costs 
were assigned to obtaining those easements. 

nOne house to be floodproofed under Alternative No. 11 as described in Chapter V would be eliminated from the floodplain through 
implementation of recommended storm water drainage measures. One house to be purchased under Alternative No. 11 has already been 
purchased and removed. Thus, no costs are included here for those two houses. 

°Three additional apartment buildings in Elm Grove would be on the edge of the 100-year floodplain, but floodproofing would probably not 
be required. 

PThree additional commercial buildings in Elm Grove would be on the edge of the 100-year floodplain, but floodproofing would probably not 
be required. One commercial building in Elm Grove that was to be floodproofed under Alternative No. 11 in Chapter V has been purchased 
(American Legion Hall). Thus, no cost is included here for that building. 

q See the later section of this chapter that describes alternative and recommended plans for the Clearwater Drive area. 

rThe estimated lower limit cost for this alternative is $13,815,000. That cost is based on an optimistic assumption that the excavated soil could 
be used as topsoil ami/or peat for landscaping and would be hauled from the site free of charge. 

slf the buildings to be floodproofed were purchased and demolished, the cost of this alternative plan would increase by about $7,450,000. 

Source: SEWRPC. 

The area tributary to the wet detention basin is one of 
the most densely developed portions of the Dousman 
Ditch and Underwood Creek subwatersheds within the 
study area. The tributary area includes one of the 
highest concentrations of critical land uses targeted 
for management of nonpoint source pollution under 
the Menomonee River Priority Watershed Study. 
Critical land uses in the tributary area include 
commercial and governmental and institutional uses. 
Under existing 1990 land use conditions, land uses in 
the area are 24 percent commercial; 1 percent govern
mental and institutional; 38 percent medium- and low
density residential; and 37 percent open spaces, 
including primary environmental corridor and recrea
tional. Under planned buildout land use conditions, 
land uses in the area are anticipated to be 29 percent 
commercial; 1 percent governmental and institutional; 
46 percent medium- and low-density residential; and 
24 percent open spaces, including primary environ
mental corridor and recreational. The wet detention 
basin would treat runoff from about 40 percent of the 
critical land use area in the study area, including a 
large portion of the commercial development along 
W. Bluemound Road. 
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In addition to calling for controls on nonpoint source 
pollution in runoff from areas of critical existing land 
uses, the priority watershed study also calls for 
controls in areas of planned development. The 
approximate areas of incremental planned develop
ment occurring between 1990 and the achievement 
of buildout conditions which would be treated by 
the wet detention basin include 78 acres in com
mercial uses, two acres in governmental and 
institutional uses, and 113 acres in medium- and low
density residential uses. 

The levels of control of particulate and total solids, 
and total phosphorus, copper, lead, and zinc provided 
by the detention basin are set forth in Table 25 in 
Chapter V. The table compares annual loads under 
existing 1990 and planned buildout land use condi
tions with existing controls to loads under those 
conditions with the detention basin in place. The 
detention basin would provide a high level of control 
of nonpoint source pollution, reducing particulate 
solids loads by 76 percent, total solids loads by 
23 percent, total phosphorus loads by 39 percent, total 
copper loads by 79 percent, total lead loads by 74 per-
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Map 53 (continuedl 
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Map 53 (continued) 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Map 53 (continued) 

RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Map 53 (continued) 

RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Map 53 (continued) 

RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Map 53 (continued) 

RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Map 53 (continued) 

RECOMMENDED STORMWATER MANAGEMENT PLAN FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK 
SUBWATERSHEDS IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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cent, and total zinc loads by 37 percent, relative to 
1990 conditions. 

Appurtenant facilities required for the proper 
functioning of the wet detention basin include about 
1,900 lineal feet of access roadslbaffles and an 1,800-
foot-long open channel along the south side of the 
access road, as shown on Map 20. The access 
road/baffle would provide access to the Underwood 
trunk sewer manholes which would be located within 
the permanent pond, would divert runoff into the wet 
basin, and would provide an adequate travel distance 
for that runoff. The provision of that travel distance 
would maximize the settling time for removal of 
particulate pollutants. 

Construction of the open channel would require 
reversing the existing slope of a portion of Dousman 
Ditch to enable flow to occur from east to west along 
the baffle and into the permanent pond. The eastern 
500 feet of the channel would be excavated beginning 
at the existing south to north channel and extending 
west to the existing Dousman Ditch channel. From 
that point, the streambed slope of Dousman Ditch 
would be reversed for a distance of 1,300 feet. The 
open channel would essentially be an extension of the 
pond. The channel would be from five to six feet deep 
and could be parabolic in shape, with a top width of 
35 to 40 feet. 

A sediment forebay would be provided in the wet 
detention basin to trap the coarser particulates in a 
localized area, reducing sediment removal costs. 

Additional Measures for the Control 
of Nonpoint Source Pollution 
In addition to the control of runoff from areas of 
planned development that would be provided by the 
recommended wet detention basin, the recommended 
plan calls for the control of nonpoint source pollution 
from all remaining areas to be developed, or from areas 
of redevelopment. Such control would be achieved 
through I) construction of the recommended Dousman 
Ditch detention basin, 2) construction site erosion 
control measures, and 3) site-specific best management 
practices to reduce the washoff of pollutants. 

The plan also calls for 1) maintenance of the existing 
15 ponds in the study area; 2) increasing the frequency 
of street sweeping in areas with urban street cross
sections and curb and gutter to once every four 
weeks between April 1 and October 31; 3) reduced 
application of sand on streets in the winter; 4) localized 
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bank protection projects, using natural bioengineer
ing techniques wherever practical; and 5) public 
information and education efforts to promote good 
urban "housekeeping" practices that reduce non point 
source pollution. 

Implementation of the recommended plan would 
provide controls on runoff from about 73 percent of 
the critical land uses in the study area and all areas of 
new development or redevelopment. As seen from 
Table 20, construction of the Dousman Ditch wet 
detention basin and the recommended increased street 
sweeping would result in pollutant loading reductions 
relative to 1990 land use conditions in the study area 
00 percent for total solids, 18 percent for particulate 
solids, 5 percent for phosphorus, 16 percent for copper, 
20 percent for lead, and 3 percent for zinc. Relative 
to planned buildout conditions, the expected reductions 
due to implementation of those measures would be 8 
percent for total solids, 25 percent for particulate solids, 
15 percent for phosphorus, 21 percent for copper, 
28 percent for lead, and 15 percent for zinc. 
Implementation of the additional measures as recom
mended above would be expected to significantly 
increase the loading reductions. 

Recommended Stormwater Drainage Measures 
The recommended storm water drainage measures are 
summarized in graphic form on Map 53. Detailed 
descriptions of the recommended storm water drainage 
components for each of the hydrologic units in the 
study area are provided in Chapter V. 

In addition to providing control of nonpoint source 
pollution, the Dousman Ditch detention basin also 
serves as an important component of the storm water 
drainage plan element. This basin would provide 
storage to offset the effects of new tributary 
development on peak flows. The basin wou Id reduce 
the 100-year flood stage along Dousman Ditch 
upstream of the detention basin outlet structure from 
0.4 to 1.9 feet compared to the existing 100-year 
flood stage. Along Dousman Ditch between the 
basin outlet and Gebhardt Road, the 100-year flood 
stage would be decreased by about 0.1 foot. That 
reduction would marginally improve drainage of 
adjacent developed areas where significant major 
system storm water drainage problems exist in the 
City of Brookfield and the Village of Elm Grove. 
Those areas include the lndianwood Drive/Onondaga 
Circle area, the Cascade Drive/Westover Road/ 
Pilgrim Parkway Middle School area, and the Victoria 
Circle North area. 



Full implementation of the recommended storm water 
drainage measures would provide a minor storm water 
drainage system adequate to convey and/or store 
runoff from storms with recurrence intervals up to, 
and including 10 years and to generally provide an 
acceptable level of traffic service and access to 
property during such storms. Implementation of the 
recommended drainage measures would also avoid 
direct flooding of inhabited buildings during storms 
with recurrence intervals up to, and including 100 
years. The recommended measures would help to 
mitigate, but not eliminate, flooding of basements due 
to sanitary sewer backup. Other measures directed 
toward reduction of infiltration and inflow to sanitary 
sewers would be required to fully alleviate sanitary 
sewer backup problems. 

Stormwater Management Plan Costs 
As set forth in Table 53, the estimated capital cost of 
the recommended water quality management plan 
element is $4,096,000 and the estimated capital cost 
of the recommended storm water drainage plan 
element is $5,388,000. Thus, the estimated cost of 
the storm water management plan component of the 
recommended plan is $9,484,000. 

Local Action on Stormwater 
Drainage Recommendations 
Following review of the recommended storm water 
management plan by the City of Brookfield and the 
Village of Elm Grove, several local initiatives were 
undertaken relative to implementation and/or refine
ment of the recommended plan. These include: 

• Design and construction of the recommended 
stormwater drainage facilities in the vicinity 
of Verdant Drive and Pilgrim Parkway in 
Hydrologic Unit 00-5 in the Village of 
Elm Grove. 

• Design and construction of some of the 
recommended storm water drainage facilities 
in the vicinity of Victoria Circle North in 
Hydrologic Unit DO-8 in the Village of 
Elm Grove. 

• Initiation by the City of Brookfield of analyses 
to explore the possibility of purchasing build
ings and constructing an expanded floodwater 
storage facility in the vicinity of Tru and 
Adelaide Lanes northeast of the intersection 
of W. North Avenue and Lilly Road in Hydro-

logic Unit UC-7. That approach was put forth 
as an alternative to constructing a storm water 
pump station and appurtenances to alleviate 
flooding problems. 

At the time of publication of this report, the feasibility 
of the City'S refinement to the plan had not 
been established. 

RECOMMENDED FLOODLAND 
MANAGEMENT PLAN 

The components of the recommended floodland 
management plan and their estimated capital and 
annual operation and maintenance costs are summar
ized in Table 53. The recommended plan components 
are shown in detail on Map 54 and in summary form 
in the context of the overall recommended plan on 
Map 53. The recommended flood land management 
plan is a refinement of Alternative Plan No. 11, which 
is described in Chapter V. 

Reduction in Flooding Resulting from 
Implementation of the Recommended Plan 
Full implementation of the recommended flood land 
management plan would eliminate structure flood 
damages due to direct overland flooding along 
Underwood Creek for floods up to and including the 
100-year recurrence interval flood event under 
planned land use and channel conditions. Damages 
due to street flooding and sanitary sewer basement 
backup problems would be reduced, but not elimi
nated by implementation of this plan. Other measures 
directed toward reduction of infiltration and inflow to 
sanitary sewers would be required to fully alleviate 
sanitary sewer backup problems. 

The 100-year flood stage along Dousman Ditch in the 
City of Brookfield upstream of the detention basin 
outlet structure would be reduced from 0.4 to 1.9 
feet compared to the existing 100-year flood stage. 
Along Dousman Ditch between the basin outlet and 
Gebhardt Road in the City of Brookfield and the 
Village of Elm Grove, the 100-year flood stage 
would be decreased by about 0.1 foot. As previously 
described, that reduction would marginally improve 
drainage of adjacent developed lands in the City and 
the Village, including the Indianwood and Onondaga 
area where significant storm water drainage prob
lems exist. 

Implementation of the plan would reduce the 100-year 
flood stage from 0.7 to 3.5 feet in the reach in the 
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Map 54 

RECOMMENDED MANAGEMENT PLAN ALONG DOUSMAN DITCH-LIMITED 
DOUSMAN DITCH DETENTION STORAGE, UNDERWOOD CREEK OVERFLOW CHANNEL AND 

DIVERSION, AND COMPENSATING STORAGE WITH STRUCTURE FLOODPROOFING AND REMOVAL 
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Village of Elm Grove extending from the Milwaukee
Waukesha County line to W. North Avenue and 
from 0.2 to 0.3 foot in the City of Brookfield in 
the 0.5-mile-long reach upstream from W. North 
Avenue. The provision of floodwater storage volume 
as described below would avoid flood flow and 
stage increases in the City of Wauwatosa downstream 
of the Village of Ehp Grove during floods with 
recurrence intervals ranging from two through 
100 years. 

The number of buildings located in the 100-year 
floodplail) of Underwood Creek would be reduced 
from 57 to 22 due to implementation of the plan. As 
shown in Tables 54 and 55, 50 of those buildings are 
located in the Village of Elm Grove and seven are 
located in the City of Brookfield. 

Components of the Recommended 
Floodland Management Plan 
As shown on Maps 53, 54, and 55 the components of 
the recommended plan include: 1) a dual-purpose, 
23-acre-foot detention basin along Dousman Ditch 
west of Pilgrim Parkway; 2) about 14 acre-feet of 
floodwater storage volume in the east overbank of 
Underwood Creek in the City of Brookfield imme
diately northwest of the intersection of W. North 
Avenue and Lilly Road; 3) purchase of six houses and 
lots located east of Underwood Creek in the City to 
enable construction of the detention storage area 
described under Item 2; 4) about 35 acre-feet of 
floodwater storage volume in the northern portion of 
the Village Park; 5) a 4,100-foot-long overflow 
channel along the west overbank of Underwood Creek 
from near the intersection of Mt. Kisco Drive and 
Underwood River Parkway to Juneau Boulevard;2 
6) three parallel 31-foot-long, four-foot-high by 10-
foot-wide reinforced concrete box culverts at the 
Marcella A venue crossing of the overflow channel; 
7) two parallel 28-foot-long, five-foot-high by 10-
foot-wide reinforced concrete box culverts at the 
Village Hall Drive crossing of the overflow channel; 
8) a 5,400-foot-long double six-foot-high by seven
foot-wide reinforced concrete box culvert diversion 
from Juneau Boulevard through the downtown portion 

2 In general the overflow channel would be from two to 
4.5 feet deep, with a 40- to 300-foot-wide bottom and 
70- to 330- foot-wide top. Channel side slopes would 
be one vertical on three horizontal, or flatter. The 
channel would flow into, and out of the existing pond 
in the Village Park., . 

of the Village of Elm Grove to a location about 450 
feet east of the Milwaukee-Waukesha County line; 
9) flood proofing of one single-family residence in 
Brookfield and two in Elm Grove, three apartment 
buildings in Elm Grove, and one commercial building 
in Brookfield and eight in Elm Grove (Tables 56 and 
57); 10) replacement of the existing Clearwater Drive 
culverts with four parallel, 40-foot-long, 48-inch
high by 76-inch-wide reinforced concrete HE culverts; 
11) raising the grade of Clearwater Drive; and 
12) provision of one acre-foot of floodwater storage 
volume near Clearwater Drive? Typical cross-sections 
of the proposed overflow channel are shown on 
Figures 10 through 13. 

Additional measures associated with the recom
mended Dousman Ditch detention basin include 
1) acquiring about 115 acres of land in the vicinity 
of the detention basin; 2) raising about 360 feet of 
Pilgrim Parkway south of Gebhardt Road an average 
of about 0.9 foot to avoid inundation of the roadway 
during a 100-year flood; and 3) replacing the existing 
northern 24-inch-diameter corrugated metal pipe 
(CMP) culvert under Pilgrim Parkway at Cascade 
Drive with a 50-foot-long, 27-inch-diameter RCP 
culvert, replacing the southern CMP culvert with a 53-
foot-long, 18-inch-diameter RCP culvert, and replac
ing the existing 27-inch-high by 43-inch-wide 
corrugated metal pipe arch (CMPA) culvert under 
Pilgrim Parkway at the northern entrance to Pilgrim 
Park Middle School with a 6O-foot-long, 24-inch
high by 38-inch-wide reinforced concrete horizontal 
elliptical (HE) pipe culvert.4 

As part of the detailed design of the flood control 
channel project, it is recommended that consideration 
be given to lowering one or both of the existing 

3See the later section of this chapter which descrihes 
the recommended measures in the vicinity (~f 

Clearwater Drive. 

4As described in Appendix D, under this plan, which 
has the same effects relative to the Bluemound Road 
Golf Range site as floodland management Alternative 
Plan Nos. 3, 10, and 11, the frequency and duration of 
flooding of the golf range site would be reduced in 
comparison with existing conditions. Interruptions in 
the use of the range due to flooding would he 
infrequent. 
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Table 54 

BUILDINGS ALONG UNDERWOOD CREEK THAT ARE WITHIN THE 100-YEAR 
RECURRENCE INTERVAL FLOODPLAIN IN THE VILLAGE OF ELM GROVEa 

Building Number Type of Building 

602 Single-family residence 

603 Commercial 

604a Apartments 

604b Apartments 

604c Apartments 

604d Apartments 

604e Apartments 

604f Apartments 

606 Commercial 

607 Commercial 

607a Commercial 

608 Commercial 

611 Commercial 

612 Commercial 

613 Commercial 

614 Commercial 

615 Single-family residence 

616 Commercial 

617 Commercial 

618 Commercial 

619 Commercial 

620 Single-family residence 

621 Single-family residence 

622 Single-family residence 

623 Single-family residence 

624 Commercial 

625 Commercial 

626 Commercial 

626a Commercial 

628 Single-family residence 

629 Single-family residence 

630 Single-family residence 

632 Single-family residence 

633 Single-family residence 

634 Single-family residence 

635 Single-family residence 



Table 54 (continued) 

Building Number Type of Building 

636 Single-family residence 

637 Single-family residence 

638 Single-family residence 

640 Single-family residence 

641 Single-family residence 

642 Single-family residence 

644 Single-family residence 

649 Single-family residence 

650 Single-family residence 

650a Single-family residence 

653 Single-family residence 

654 Single-family residence 

655 Single-family residence 

656 Single-family residence 

700 Single-family residence 

a Under planned land use and existing channel conditions. 

Source: SEWRPC. 

Table 55 

BUILDINGS ALONG UNDERWOOD CREEK THAT ARE WITHIN THE 100-YEAR 
RECURRENCE INTERVAL FLOODPLAIN IN THE CITY OF BROOKFIElDa 

Building Number Type of Building 

601 Commercial 

657b Single-family residence 

658 Single-family residence 

659 Single-family residence 

660 Single-family residence 

663 Single-family residence 

671 Single-family residence 

a Under planned land use and existing channel conditions. 

Source: SEWRPC. 
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Map 55 

RECOMMENDED FLOOD LAND MANAGEMENT PLAN ALONG UNDERWOOD CREEK-LIMITED 
DOUSMAN DITCH DETENTION STORAGE, UNDERWOOD CREEK OVERFLOW CHANNEL, AND 

DIVERSION, AND COMPENSATING STORAGE WITH STRUCTURE FLOODPROOFING AND REMOVAL 
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Table 56 

BUILDINGS IN THE VILLAGE OF ELM GROVE TO BE FLOODPROOFED 
UNDER THE RECOMMENDED FLOOD CONTROL PLAN 

Building Number Type of Building 

602 Single-family residence 

603 Commercial 

604a Apartments 

604d Apartments 

604e Apartments 

607a Commercial 

616 Commercial 

619 Commercial 

624 Commercial 

625 Commercial 

626 Commercial 

626a Commercial 

640 Single-family residence 

Source: S£WRPC. 

Table 57 

BUILDINGS IN THE CITY OF BROOKFIELD TO BE FLOODPROOFED 
UNDER THE RECOMMENDED FLOOD CONTROL PLANa,b 

Building 
Number Type of Building Type of Mitigation 

601 Commercial Flood proof 

671 Single-family residence Floodproof 

aBuilding 657b at 13860 Adelaide Lane would be removed from the floodplain 
through implementation of recommended stormwater management measures. 

bBuildings 658, 659, 660, and 663 would be purchased for construction of the 
floodwater storage area north of W. North Avenue 

Source: S£WRPC. 

Potential Wetland Impacts channel overbanks as an option in all or portions of 
the area where additional capacity is needed. In 
addition, it is recommended that consideration be 
given to removing the existing low-flow concrete 
cunette in the bed of Underwood Creek between 
the Village Hall Drive and Juneau Boulevard. 

This recommended plan was developed to minimize 
the number of buildings in the lOO-year floodplain 
and to avoid disturbance and modification of the 
existing Underwood Creek stream channel. The 
upstream 2,900-foot-Iong reach of the overflow 
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Figure 10 

TYPICAL CROSS·SECTION OF EXISTING 
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Figure 11 

TYPICAL CROSS·SECTION OF EXISTING 
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AND PROPOSED OVERFLOW CHANNEL 
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Figure 12 

TYPICAL CROSS·SECTION OF EXISTING 
UNDERWOOD CREEK CHANNEL AND 
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Figure 13 
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channel from Marcella Street to the north end of 
the pond in the Village Park would be located in a 
wetland. Within the Village Park, the channel top 
width would range from about 160 feet to 330 feet. 
In the reach extending from the northern boundary of 
the Village Park to Marcella Street, the channel top 
width would range from 120 to 135 feet. The top 
width would narrow to 70 feet near Marcella Street. 
In general, it would not be possible to construct the 
overflow channel without some wetland disturbance 
and removal of mature trees; however, it may be 
possible to minimize the degree of disturbance and 
tree removal by refining the channel alignment during 
the final design stage. Also, the channel design could 
include restoration of wetland conditions in disturbed 
areas. Construction of the proposed floodwater stor
age areas upstream of W. North Avenue and in the 
Elm Grove Village Park and the downstream portion 
of the diversion culvert might also involve some 
wetland disturbance, but, once again, the degree of 
disturbance could be minimized during the final 
design of the project. Also, wetland conditions could 
be reestablished following construction, since the land 
would remain in open space uses. The final overflow 
channel alignment and floodwater storage area 
configurations would involve consideration of 1) the 
concerns of property owners along the route of the 
channel in the area north of the Village Park, 2) the 
impacts to the recreational features of the Village 
Park, 3) the degree of disturbance of wetlands, and 
4) the monetary costs of alternative alignments and 
configurations. 

Cost of the Recommended Floodland 
Management Element 
As set forth in Table 53, the total capital cost of the 
flood land management element of the recommended 
plan is estimated to be $14,755,000, assuming it 
would be possible to floodproof all of the buildings 
remaining in the floodplain. This cost includes 
$260,000 for land acquisition; $50,000 for raising the 
grade of Pilgrim Parkway and installing larger 
culverts under the roadway; $1,625,000 for construc
tion of the overflow channel and associated culverts; 
$9,400,000 for construction of the diversion box 
culvert and associated easements; $1,540,000 for the 
provision of floodwater storage volume along Under
wood Creek upstream ofW. North Avenue, including 
the purchase of buildings and lots; $1,500,000 for the 
provision of floodwater storage volume in the Elm 
Grove Village Park; $260,000 for floodproofing or 
removal of structures; and $120,000 for culvert 
replacement, a road grade raise, and creation of 
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floodwater storage volume at Clearwater Drive. 
Assuming an annual interest rate of 6 percent, a 
project life and amortization period of 50 years, and 
annual operation and maintenance costs of $36,000 
per year, the average annual cost of the recommended 
plan is $973,000. The average annual flood damage 
abatement benefit is estimated to be $135,000, yield
ing a benefit-cost ratio of 0.14. 

If, during the final design stage, it were determined 
that all of the buildings that are recommended to be 
floodproofed could not be floodproofed, those build
ings would be purchased and removed. If all of the 
buildings were purchased and removed, the estimated 
cost of the recommended plan could increase to 
$22,205,000. Therefore, it would be realistic to expect 
that the cost of implementing the recommended plan 
to be in the range from $14,755,000 to $22,205,000. 

Local Action on Floodland 
Management Recommendations 
Following review of the recommended floodland 
management plan by the Village of Elm Grove, a 
local initiative was undertaken to refine that plan. The 
Village initiated analyses to explore the possibility of 
purchasing several buildings in or near the Under
wood Creek floodplain, removing private bridges, and 
rerouting the recommended double box diversion 
culverts so that they would discharge to a floodwater 
storage facility that would be constructed along 
Underwood Creek in the Village just east of the 
Milwaukee/Waukesha County line. That floodwater 
storage facility would be located at the site of the 
buildings to be purchased under the Village scenario. 
The storage facility was intended to reduce the 
amount of storage volume to be provided in the 
Village Park, or to eliminate the need for the Village 
Park storage area. As was the case for the recom
mended plan, the scenario proposed by the Village 
was to be developed in such a manner that flood flows 
and stages would not be increased downstream of the 
County line. At the time of publication of this report, 
the feasibility of the Village's refinement to the plan 
had not been established. 

100-Year Recurrence Interval Flood Profile 
Tables 58 and 59 present estimated IOO-year recur
rence interval flood flows at selected locations 
along Dousman Ditch and Underwood Creek under 
planned land use and existing channel conditions 
and under planned land use and recommended 
channel conditions. 



Table 58 

COMPARISON OF 100-VEAR RECURRENCE INTERVAL FLOOD FLOWS FOR UNDERWOOD CREEK 

Planned Land Use and 
Planned Land Use and Recommended Federal Flood 

River Existing Channel Channel Insurance Study 
Location Mile Conditions (cfs)a Conditions (cfs)a (cfs) 

At Canadian Pacific Railway 7.68 74 74 165b 

Above Confluence with Dousman Ditch 7.08 158 158 165b 

At Canadian Pacific Railway 6.32 727 715 1,175b 

At Santa Maria Drive 5.85 847 831 1,430b 

About 930 Feet Downstream of 5.41 847 831 1,680b 

Clearwater Drive 

At North Avenue 4.82 1,040 1,020 1,540b 

At Juneau Boulevard 3.67 1,170 1,170 1,950c 

Above Confluence with the South Branch of 2.56 1,550 1,120d 1,950c 

Underwood Creek 

Just Downstream of Confluence with the 2.50 3,460 3,470 - -
South Branch of Underwood Creek 

About 90 Feet Upstream of W. Watertown 1.53 4,410 4,390 5,400e 
Plank Road 

Just Upstream of USH 45 0.76 5,190 5,170 5,400e 

Above Confluence with the Menomonee 0.06 6,040 6,010 5,400e 
River 

aBased on simulated record from 1940 through 1997. 

bFlow based on 1986 Federal Emergency Management Agency {FEMA} Federal Flood Insurance Study for the City of Brookfield. 

cFlow based on 1982 FEMA Federal Flood Insurance Study for the Village of Elm Grove. 

dFlow in existing stream only. 550 cfs would be conveyed in the concrete box diversion. 

eFlow based on 1978 FEMA Federal Flood Insurance Study for the City of Wauwatosa. 

Source: SEWRPC. 

Table 59 

COMPARISON OF 100-VEAR RECURRENCE INTERVAL FLOOD FLOWS FOR DOUSMAN DITCH 

1986 Federal Flood 
Planned Land Use and Planned Land Use and Insurance Study 

River Existing Channel Recommended Channel for the City of 
Location Mile Conditions (cfs)a Conditions (cfs)a Brookfield (ets) 

About 1,080 Feet Upstream of Private Drive 1.48 452 384 715 
Entrance to Dunkel Inn 

At Private Drive Entrance to Dunkel Inn 1.26 356 334 715 

About 490 Feet Upstream of Gebhardt Road 0.72 356 334 900 

Above Confluence with Underwood Creek 0.02 543 528 900 

aBased on simulated record from 1940 through 1997. 

Source: SEWRPC. 
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The 100-year recurrence interval flood profiles for 
Dousman Ditch and Underwood Creek, computed 
using peak flow rates for planned land use and 
existing channel conditions and for planned land use 
and recommended channel conditions, was used to 
delineate the 100-year recurrence interval floodplain 
areas along the streams as shown on Maps 53, 54, and 
55. The floodplain delineation was accomplished 
using one-inch-equals-200-feet scale, two-foot con
tour interval topographic maps prepared to Regional 
Planning Commission standards. 

Comparison to the 
Federal Flood Insurance Study 
The hydrologic and hydraulic analyses performed 
under this planning effort for the determination of 
100-year recurrence interval flood stages along 
Dousman Ditch and Underwood Creek refine the 
corresponding analyses performed under the 1982 
Federal Emergency Management Agency (FEMA) 
flood insurance study (FIS) for the Village of Elm 
Grove and the 1986 FEMA FIS for the City 
of Brookfield. 

As may be seen from an examination of Tables 58 
and 59, the Commission flood flows developed for 
planned land use and existing channel conditions 
are somewhat lower than the Frs flood flows for 
each stream. The differences are due to a better 
accounting for the existing wetlandlfloodplain storage 
and extension of the simulation modeling period 
of record. 

TOTAL COST OF THE 
RECOMMENDED PLAN 

The total capital cost of the recommended storm water 
and floodland management plan as set forth in 
Table 53 is estimated to be between $24,239,000 and 
$31,689,000. The lower cost would apply if all 
buildings remaining in the floodplain could be 
floodproofed. The higher cost would apply if those 
buildings could not be floodproofed and they were 
purchased and removed. The annual operation and 
maintenance cost increase relative to existing con
ditions is estimated to be $64,280. The costs of the 
plan are apportioned between ,the City of Brookfield, 
the Village of Elm Grove, and the private sector in 
Chapter VII, "Plan Implementation." 
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AUXILIARY PLAN 
RECOMMENDATIONS 

Natural Resources and 
Open Space Preservation 
The adopted park and open space plan for the City of 
Brookfield and the regional land use plan provide for 
the preservation of the primary environmental corridor 
lands within the City and the Village of Elm Grove 
and environs, including associated flood lands and 
wetlands, in essentially natural, open uses.5 The 
protection of floodlands and wetlands from the intru
sion 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. The recommended 
plan would enhance the storage function of two 
wetlands. 

Surveys of Buildings in and Near 
the tOO-Year Floodplain 
This system plan utilized large-scale topographic 
maps compiled in 1986 at a scale of one inch equals 
200 feet and in 1998 at a scale of one inch equals 100 
feet. Those maps are valuable resources for the 
preparation of the hydrologic and hydraulic models 
and the delineation of floodplain boundaries. How
ever, the building grade elevations determined from 
those maps are only approximate. Therefore, it is 
recommended that the City and Village survey the 
low grade elevations adjacent to buildings and the 
first floor elevations of buildings in and near the 100-
year floodplain of Underwood Creek and Dousman 
Ditch prior to proceeding with implementation of the 
recommended plan. The buildings listed in Tables 54 
and 55 should be surveyed, along with other nearby, 
lower-lying buildings near the floodplain. 

Floodplain Map Revisions 
As already noted, the 100-year recurrence interval 
flood profiles determined for Dousman Ditch and 
Underwood Creek under this study are based on 
more detailed analyses than were used in the 1982 and 
1986 FEMA FrS, and they utilize more current 
information on the hydraulic structures located along 
the streams. Thus, upon adoption of this system plan, 

5See SEWRPC Community Assistance Planning 
Report No. 108, A Park and Open Space Plan for the 
City of Brookfield, Waukesha County, Wisconsin. 
August 1991. 



the City and Village should amend their floodplain 
zoning ordinances to reflect the 100-year recurrence 
interval water surface profiles developed under this 
planning effort. At that time, the City and Village 
should also submit their proposed floodplain revisions 
and additions to the Wisconsin Department of Natural 
Resources, requesting revision of the Flood Insurance 
Rate Maps by the FEMA Federal Insurance 
Administration. of the Federal Emergency Manage
ment Agency.6 

Maintenance of Stormwater 
Management Facilities 
The effectiveness of the storm water management 
conveyance and detention facilities, can be sustained 
only if proper operation, repair and maintenance 
procedures are carefully followed. 

Important additional maintenance procedures include 
the periodic repair of storm sewers, clearing sewer 
obstructions, maintenance of open channel vegetation 
lining, clearing debris and sediment from open chan
nels, maintenance of detention facilities inlets and 
outlets, maintenance of detention basin vegetative 
cover, and periodic removal of sediment accumulated 
in detention basins. These maintenance activities are 
recommended to be carried out on a continuing basis 
to maximize the effectiveness of the storm water 
management facilities and measures and to protect the 
capital investment in the facilities. 

CONSIDERATION OF FLOODING 
CONDITIONS IN THE VICINITY OF 
CLEARWATER DRIVE AND POMONA 
ROAD IN THE CITY OF BROOKFIELD 

Clearwater Drive crosses Underwood Creek about 
0.75 mile upstream from W. North Avenue. Four 54-
inch-diameter CMP culverts convey the flow in the 
Creek under Clearwater Drive. During floods with 
recurrence intervals of 10 years and greater, 
Clearwater Drive would be overtopped. Based on 
available topographic information and reports from 
residents during the floods in June 1997 and August 

6The Cummission stcif.f has begun computation of 
updated or revised flood profiles where warranted 
throughout the City and Village under a map updating 
program undertaken by the communities. 

1998, none of the houses along Clearwater Drive 
south of Underwood Creek would be expected to 
receive direct overland flooding during a 100-year 
flood. Although none of the other houses in this area 
are in the 100-year floodplain, floodwaters have 
surrounded several of the homes during recent floods. 
In addition, vehicular access to the 10 houses south of 
Underwood Creek on Clearwater Drive has been 
blocked and sanitary sewer backup into basements has 
occurred. In June of 1999, residents of the area wrote 
to the City, requesting that consideration be given to 
the problems that they have experienced. 

Because the floodland management element of this 
plan is directed primarily toward the solution of 
problems of direct overland flooding of inhabited 
buildings, specific measures were not initially devel
oped to address reduction of flood stages upstream of 
Clearwater Drive. However, Clearwater Drive does 
not meet the collector street overtopping staRdard set 
forth in Chapter III of this report. That standard calls 
for the hydraulic structures associated with collector 
streets to convey the peak flow during a 10-year flood 
without overtopping the associated roadway. For this 
reason, and because of the other related problems, 
analyses were made under this study to determine 
what measures would be required to reduce the degree 
of flooding in the vicinity of Clearwater Drive during 
both the 1 O-year flood and the 100-year flood. 

Measures to Reduce Flooding 
During a tOO-Year Event 
It was found that removal of the existing culverts and 
construction of a 27-foot-long clear span bridge could 
reduce the 100-year flood stage by about 0.6 foot 
immediately upstream from the bridge. To avoid 
overtopping of Clearwater Drive during a IOO-year 
flood, the existing road grade would have to be raised 
a maximum of about two feet along the entire 980-
foot length of Clearwater Drive and Pomona Road 
would also be raised slightly at the intersection with 
Clearwater Drive. 

Some reduction in the stage would be expected to 
occur for a distance of about 0.25 mile upstream from 
the dam and a loss in 1l00dplain storage volume of 
about four acre-feet during a 1 DO-year tlood would 
occur as a result of the stage decrease. The loss of 
floodplain storage volume could result in· an increase 
in 100-year flood flows that would either have to be 
eliminated through the provision of compensating 
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storage, or would have to be legally agreed to by all 
affected property owners and municipalities. 

The areal extent of the 100-year floodplain upstream 
of Clearwater Drive would not be greatly reduced 
relative to existing channel conditions. The houses 
west of Clearwater Drive would experience some 
reduction in the degree of yard flooding, but the 
houses on the east side would see no change in the 
flood stage, or an increase in stage, depending on 
where the compensating storage was located. The 
elimination of road flooding could help mitigate 
sanitary sewer backups, but additional action directed 
to reducing infiltration and inflow would also be 
required to fully resolve that problem. 

The estimated capital cost of this alternative would be 
$350,000. Because it would provide a higher degree 
of flood protection than is consistent with the 
standards adopted for this plan, it is not recommended 
to be implemented under this plan. 

Measures to Reduce Flooding 
During a 10-Year Event 
It was found that removal of the existing culverts 
and replacement with four 40-foot-Iong, 48-inch
high by 76-inch-wide reinforced concrete HE culverts 
could reduce the 10-year flood stage by about 0.4 
foot immediately upstream from the bridge. To avoid 
complete overtopping of Clearwater Drive, and to 
keep one lane of traffic open during a 10-year 
flood, the existing road grade would have to be 
raised a maximum of about 0.7 foot feet along a 
650-foot length of Clearwater Drive south of 
Underwood Creek. 

The 100-year flood stage immediately upstream of 
Clearwater Drive would be decreased by 0.1 foot 
and about one acre-foot of floodplain storage 
volume would occur as a result of the stage decrease. 
The loss of floodplain storage volume could result 
in an increase in 100-year flood flows that would 
either have to be eliminated through the provision 
of compensating storage, or would have to be 
legally agreed to by all affected property owners 
and municipalities. 

The change in the areal extent of the 100-year 
floodplain upstream of Clearwater Drive wpuld be 
insignificant. The reduction in the frequency of road 
flooding might help mitigate sanitary sewer backups, 
but additional action directed to reducing infil-
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tration and inflow would be required to fully resolve 
that problem. 

The estimated capital cost of this alternative would be 
$120,000. This project is recommended to be imple
mented under this plan; however, it should be noted 
that it may be difficult to find suitable compensatory 
storage sites in the vicinity of the project because 
wetlands comprise most of the open land in, and 
adjacent to, the floodplain. 

PUBLIC REVIEW AND 
COMMENT ON THE PLAN 

The Commission staff, assisted by the staffs' of the 
City of Brookfield, the Village of Elm Grove, 
the Wisconsin Department of Natural Resources 
(WDNR), and Ruekert & Mielke Engineers began 
preparation of this plan in 1997 prior to the June 21, 
1997, and the August 6, 1998, floods. The occurrence 
of those floods heightened public awareness of 
storm water management and flooding problems in the 
Dousman Ditch and Underwood Creek subwatersheds 
and the Menomonee River watershed as a whole. As a 
result, the Commission staff, the City, the Village, 
WDNR, and Ruekert & Mielke Engineers in their role 
as Village engineer for Elm Grove had numerous 
opportunities to obtain public comments regarding 
problems that were experienced and to provide the 
public information developed under this plan regard
ing solutions to problems. 

Public Meetings 
The main forums through which information was 
obtained from the public and the plan was discussed 
during its development were the regular meetings of 
the joint City of BrookfieldlVillage of Elm Grove 
Underwood Creek Flooding Task Force and the 
Brookfield City-wide Task Force. Those two bodies 
were formed following the flood of August 1998. 
Presentations were also made at several informational 
meetings for City and Village officials and the public. 
The public meetings include: 

• An April 28, 1997, public meeting of the City 
of Brookfield Board of Public Works. 

• A June 18, 1997, public meeting the Village of 
Elm Grove Sewer Commission. 

• A July 21, 1997, public informational meeting 
at the Village of Elm Grove. 



• A September 8, 1997, special meeting of the 
City of Brookfield Common Council called 
to provide and obtain information regarding 
stormwater management, flooding, and sanitary 
sewer backup problems. 

• A January 26, 1998, public meeting of the City 
of Brookfield Board of Public Works. 

• A September 21, 1998, public informational 
meeting of the Village of Elm Grove Board of 
Trustees, Sewer Commission, and Underwood 
Sewer Committee. 

• An October I, 1998, public informational 
meeting of the Village of Elm Grove Board of 
Trustees, Sewer Commission, and Underwood 
Sewer Committee. 

• Public meetings of the Underwood Creek 
Flooding Task Force on November 2, 1998; 
November 24, 1998; December 15, 1998; 
January 18, 1999; February 17, 1999; March 24, 
1999; Apri121, 1999; and September 15, 1999. 

• Meetings of the Elm Grove subcommittee of the 
Underwood Creek Task Force on March 2, 
1999, and September 24, 1999. 

• An October 13, 1999, public informational 
meeting sponsored by the Elm Grove subcom
mittee of the Underwood Task Force. 

• A November 29, 1999, public meeting of the 
City of Wauwatosa Joint Committee on the 
Preparation ofthe Comprehensive City Plan. 

Task Force Consideration of the 
Preliminary Draft Plan 
The preliminary draft stormwater and floodland 
management plan was presented by the Commission 
staff to the entire Underwood Creek Task Force and 
the public at the September 15, 1999, meeting of the 
entire Underwood Creek Task Force. Prior to that 
meeting, copies of the preliminary draft plan were 
distributed to the Task Force members; the staffs and 
officials of the City of Brookfield and the Village of 
Elm Grove; the WDNR; the Milwaukee County 
Department of Parks, Recreation, and eu Iture; the 
Milwaukee Metropolitan Sewerage District (MMSD); 
and the City of Wauwatosa. The Task Force voted 
to accept the preliminary draft report at the meeting. 
Following that meeting, the Commission staff 

provided the City and the Village electronic copies of 
the report. These copies, were made available for 
public review along with the printed reports copies 
provided to the communities prior to the meeting. The 
minutes of the meeting are included in this report as 
Appendix E. 

The preliminary draft plan was considered at a 
September 23, 1999, meeting of the Brookfield sub
committee of the Underwood Creek Task Force. The 
subcommittee 1) accepted the preliminary draft plan 
as a guide in the future design and implementation 
of stormwater management measures in the City, 
2) supported the provision of water qual ity measures, 
and 3) requested that the City Board of Public Works 
give a high priority to consideration of acquiring the 
six homes that the plan recommends be purchased and 
removed in the area northwest of the intersection of 
W. North Avenue and Lilly Road. The minutes of the 
meeting are included in this report as Appendix F. 

The preliminary draft plan was also presented by the 
Commission staff at the October 13, 1999, public 
informational meeting sponsored by the Elm Grove 
subcommittee of the Underwood Task Force. The 
Task Force approved the plan at the meeting and 
forwarded it to the Village Board with a recom
mendation for adoption by the Board. The minutes of 
the meeting are included in this report as Appendix G. 

Agency Review of the Preliminary Draft Plan 
The WDNR commented on the preliminary draft 
report in a December 20, 1999, letter to the Village of 
Elm Grove (Appendix H). The Commission staff 
responded to the WDNR comments in a January 5, 
2000, letter which is also included in Appendix H. 

Supporting data relative to the hydrologic and 
hydraulic analyses on which the flood land manage
ment plan element are based were provided to the 
MMSD for review. Based on discussions with MMSD 
staff, it is our understanding that the District concurs 
with the conclusion of this report that implemen
tation of the recommended plan will not increase 
flood flows and stages along Underwood Creek in 
Milwaukee County, downstream of the Village of 
Elm Grove. 

The City of Wauwatosa requested additional evalua
tion of specific issues related to the potential down
stream effects on flood flows and stages resulting 
from implementation of the recommended plan. That 
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evaluation is set forth in the December 22, 1999, Jetter 
included in this report as Appendix I. 

Public Comments on the Preliminary Draft Plan 
Following the Task Force meeting at which the 
preliminary draft plan was presented, the City of 
Brookfield received letters from residents of four of 
the six homes that are recommended to be purchased 
in the area northwest of the intersection of W. North 
Avenue and Lilly Road. Each of those residents 
supported the recommendation to purchase and 
remove those homes. 

The Village of Elm Grove received letters from two 
residents along Underwood River Parkway providing 
comments on the recommended plan. Those letters 
make important points regarding the degree of dis
turbance of wetlands and removal of mature trees 
that might be associated with construction of the 
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overflow channel. The issues raised were considered 
at the systems level in the preliminary draft report 
and the discussion has been expanded to reflect 
the comments received. Although those issues are 
addressed at a systems planning level in this report, 
they must be given further consideration during the 
detailed design of the project. At that time, modi
fications to the extent and alignment of the proposed 
overflow channel, and/or the overbank adjacent to the 
existing channel, which minimize impacts on wet
lands and mature trees can be evaluated to determine 
their effects on the level of flood control that would be 
provided. Such an evaluation will be an integral part 
of the State permitting process as described in 
Appendix H. 

Local Adoption of the Preliminary Draft Plan 
The Elm Grove Village Board of Trustees adopted 
the preliminary draft plan on March 13, 2000. The 
resolution of adoption is included as Appendix J. 



Chapter VII 

PLAN IMPLEMENTATION 

INTRODUCTION 

The recommended storm water and tloodland manage
ment plan described in this report is designed to attain, 
to the maximum extent practicable, the stormwater 
and floodland management objectives and standards 
set forth in Chapter III. 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 the plan by the City of Brookfield, and the 
Village of Elm Grove, realization of the plan will 
require a long-term commitment to the objectives of 
the plan and a high degree of coordination and 
cooperation among City and Village officials and 
staff, Wisconsin Department of Natural Resources 
staff, developers, and concerned citizens in under
taking the substantial investments and series of 
actions needed to implement the plan in the Dousman 
Ditch and Underwood Creek subwatersheds in the 
City and the Village. 

The first section of this chapter describes the 
relationship of land development and redevelopment 
to the effectiveness of stormwater and tloodland 
management measures. The second section addresses 
the importance of more detailed engineering design 
to implementation of the plan. The specific actions 
required to implement the plan are presented in the 
third section of this chapter. The fourth section sets 
forth an apportionment of costs between the City, the 
Village, and the private sector and presents a pre
liminary plan implementation schedule. Regulatory 
considerations and the need for periodic reevaluation 
and updating of the plan are addressed in the fifth and 
sixth sections of this chapter, respectively. 

RELATION TO FUTURE 
LAND USE DEVELOPMENT 

Coordination with land use development and redevel
opment is fundamental to successful implementation 
of a sound storm water and tloodland management 
plan. Planned buildout land use conditions in the 
study area, as presented in Chapter II of this report, 
have almost been achieved. The estimated rates and 
volumes of runoff and nonpoint source pollutant 

loadings which were used in the development of the 
alternatives set forth here were determined based on 
the buildout land use condition. Although buildout 
land use conditions have been attained in almost all of 
the study area, in limited areas the effectiveness of 
the recommended stormwater and tloodland manage
ment measures will depend upon the degree to which 
future land use development and redevelopment and 
the plan properly complement each other. 

It should be noted that under planned buildout 
conditions, about 15 percent of the study area would 
remain in open space uses, including environmental 
corridors and other open space lands. This system 
plan identifies those areas in the subwatershed that 
should be preserved in open, natural uses. Such 
preservation would provide major economies in 
stormwater and tloodland management, thus maxi
mizing the use of natural stormwater conveyance and 
storage and allowing such conveyance and storage 
to be incorporated in the plan. If the preservation of 
these areas is greatly compromised, problems, such as 
localized tlooding, poor drainage, and water pollution, 
may be expected to result. 

RELATION OF DETAILED ENGINEERING 
DESIGN TO SYSTEM PLANNING 

The systems-level storm water and floodland manage
ment plan presented in this report is intended to 
serve as a guide to the future design and construction 
of stormwater and tloodland management facilities. 
Detailed engineering design should begin as the 
systems-planning phase is completed. The detailed 
engineering design should examine in greater depth 
and detail potential variations in the technical, eco
nomic, and environmental features of the recom
mended solutions to problems identified in the system 
plan in order to determine the best means of carrying 
out the plan. The resulting facility development plans 
should be fully consistent with the recommendations 
presented in this report. 

Chapter III of this report presented the engineering 
design criteria and analytic procedures used in the 
preparation and evaluation of the alternative storm
water and floodland management plans. These criteria 
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and procedures, firmly based in current engineering 
practice, provided the means for quantitatively sizing 
and analyzing the performance of both the minor and 
major storm water drainage system components and 
the flooding characteristics of the streams in the 
subwatersheds. These criteria and procedures should 
also serve as a basis for the more detailed design of 
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 function as envisioned in the 
plan. Accordingly, Table 60 presents the design cri
teria and analytic procedures recommended to be 
followed in the detailed engineering design of the 
recommended plan components. Criteria and proced
ures presented in the table are for estimating rates of 
runoff, calculating hydraulic capacities of conveyance 
components, designing street cross-sections and 
related site grading, locating and designing storm 
sewer inlets, designing storm sewers, designing 
roadside swales, open channels, and culverts, design
ing detention facilities, and designing water quality 
control facilities. In this respect, it is recognized that 
over time new design procedures may be developed 
and become available for use in the design of 
stormwater and floodland management components. 
Before adoption, such techniques should, however, be 
carefully reviewed 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 
and flood land management plan, as documented 
herein, by the Underwood Creek Task Force; the 
Brookfield City-Wide Flooding Task Force; the Board 
of Public Works, Plan Commission, and Common 
Council of the City; and the Finance Committee 
and Board of Trustees of the Village of Elm Grove.1 

In addition, the plan should be endorsed by the 
Wisconsin Department of Natural Resources 
(WDNR). 

1 The Village of Elm Grove Board of Trustees adopted 
the preliminary draft stormwater and floodland 
management plan on March 13, 2000. 
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Upon such adoption, the plan becomes the official 
guide to making of storm water and flood land 
management decisions by City and Village officials. 
Such formal adoption serves to signify agreement 
with, and official support of, the recommendations 
contained in the plan and enables the City and Village 
staffs to begin integrating the plan recommendations 
into the ongoing land use control, public works devel
opment planning and programming, and subdivision 
plat review processes of the City and the Village. 

Implementation Procedures 
It is recommended that the plan be implemented by 
using the existing City and Village procedures for 
land subdivision plat approval; capital improvement 
programming; and public works construction, opera
tion, and maintenance. Funding for capital improve
ments and operation and maintenance can be obtained 
through the creation of a storm water utility, the 
property tax levy, special assessments, issuance of 
general obligation bonds, reserve funds, private 
developer contributions, and grants from the State of 
Wisconsin and/or the Federal government. 

In reviewing subdivision plats and land development 
or redevelopment proposals, the City and Village Plan 
Commissions should determine the compatibility of 
the plats or the proposals with the land use recom
mendations set forth in the adopted regional land use 
plan, described in detail in Chapter II of this report, 
and used in preparation of the storm water manage
ment plan. Any proposed departures from those 
recommendations should be carefully considered in 
light of the storm water and/or flood land management 
needs of the proposed development or redevelopment 
and the impacts on upstream and downstream areas. 
The plat review function can, and should, under 
Wisconsin law, be exercised extraterritorially. Imple
mentation of the plan through the City and Vi II age 
zoning maps and ordinances would be another means 
of ensuring that land use development takes place 
in accordance with the assumptions underlying the 
storm water and flood land management plan. 

Storm water facility maintenance is an important part 
of plan implementation. It is recommended that the 
public works programs of the City and Village 
continue to provide for the maintenance, as well as the 
construction, of the storm water management facilities, 
including periodic inspection of conveyance and 
detention facilities; timely repair of facilities; cleaning 



Table 60 

DESIGN CRITERIA AND PROCEDURES RECOMMENDED TO BE FOLLOWED IN DETAILED 
ENGINEERING DESIGN OF THE RECOMMENDED STORMWATER AND FLOODLAND MANAGEMENT COMPONENTS 

Design Function Recommended Criteria and Procedures 

Storm Runoff Flows Minor system components should be designed to accommodate flows expected from 
a 10-year recurrence interval storm event. Major system components should be 
designed to accommodate flows expected from a 100-year recurrence interval 
storm event. The effects of refinements to the plan recommendations should be 
analyzed using the base XP-SWMM stormwater management models developed 
for this system plan 

Conveyance and On-Line The sizes of recommended conveyance facilities are set forth in Table 53 of Chapter VI 
Storage Components, of this report. Design criteria for such facilities are provided in Chapter III of this 
Including Storm Sewers, report. Stormwater conveyance facilities should be designed using the base XP-
Culverts, and Stream SWIVIM models developed for this system plan. The XP-SWMM model may be 
Channels supplemented as necessary by the use of appropriate culvert nomographs or the 

application of standard procedures for computation of hydraulic capacities of pipes. 
Refinements to the components of the floodland management system should be 
analyzed using the HSPF continuous simulation hydrologic model and the HEC-RAS 
hydraulic models developed for this system plan 

Site Grading Slopes away from all buildings, as well as the slopes of interior drainage swales, 
should be at one-quarter inch per foot to provide positive drainage 

Storm Sewer Inlets Storm sewer inlet location and capacity should be dictated by the allowable 
stormwater spread 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 part of the minor stormwater drainage system. At 
locations where storm sewers function as 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 off-line detention basin, sufficient inlet hydraulic capacity 
should be provided to permit the design capacity of the storm sewer to be 
developed 

Storage Facilities The recommended storage facilities are listed in Table 53. The effects of storage 
facilities on the frequency and magnitude of downstream flows under planned 
conditions as compared to existing conditions should be carefully examined using 
the HSPF and HEC-RAS models developed for this system plan 

Water Quality Control The following references provide criteria for the design of water quality control 
Measures measures: 

1. SEWRPC Technical Report No 31, Costs of Urban Nonpoint Source Water 
Pollution Control Measures, June 1991 

2. Schueler, Thomas R., Controlling Urban Runoff: A Practical Manual for 
Planning and Designing Urban BMPs, Metropolitan Washington Council of 
Governments, July 1987 

NOTE: For a more detailed discussion of these design criteria, see Chapter III of this report. 

Source: SEWRPC. 

of storm sewers, culverts, open channels, and deten
tion facility inlets and outlets; repair of erosion along 
open channels; and periodic removal of accumulated 
sediment from conveyance, retention, and detention 
facilities. 

Financing 
Several means of financing storm water management 
components are available to local government agen
cies that are not available to the private sector. 
Although these means offer flexibility, certain CO\1-
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straints and limitations are imposed on these financing 
methods by State law; in some cases approval by 
the electorate is required. Therefore, successful pub
lic financing of the recommended plan will require 
a thorough study of costs and available revenues, 
careful financial planning, public information pro
grams, and a timely approach to securing public 
support and approvals. 

Financing of the construction, operation, and mainte
nance of storm water and floodland management 
facilities may be accomplished through the establish
ment of a storm water utility; tax incremental financ
ing districts; local property taxes; reserve funds; 
general obligation bonds; private developer contribu
tions, including paying fees to be applied toward 
construction of regional storm water management 
facilities in lieu of providing onsite facilities; and 
State or Federal grants or loans. Appendix K provides 
a brief description of the possible features and 
functions of a stormwater utility. 

It is recommended that the City and Village study 
public financing options, considering each of the 
financing methods listed in the following section of 
this report and in Appendix L. 

Possible Funding through the 
State and Federal Programs 
Funds may be available from the State of Wisconsin 
for the installation of best management practices 
that meet the nonpoint source pollution reduction 
objectives set forth in Menomonee River Priority 
Watershed Study. The current policy of the WDNR 
regarding the provision of funds under the Wisconsin 
Fund Nonpoint Source Pollution Abatement Program 
allows State funding of up to 70 percent of the capital 
cost of wet detention basins to serve areas of existing 
urban development, up to 50 percent of land acqui
sition costs, 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. 

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 storm
water management practices to serve new urban 
development and for construction site erosion control 
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measures. However, State funds may be available to 
pay the entire cost of local staff to enforce a con
struction 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 and the Village. The funds 
would cover the costs of accelerated sweeping, for a 
five-year period, after which the City and the Village 
would be required to maintain the accelerated sweep
ing schedule for 10 years. On the basis of current 
State cost-sharing policy, it is estimated that a maxi
mum of $2,828,000 in State nonpoint source grant 
funds could be provided for components of the water 
quality management plan.2 

Under cutrent conditions, in order for urban best 
management practice in the Menomonee River 
watershed to be eligible for State funds provided 
under the nonpoint source program, funds must be 
applied for by the end of December 2000.3 In addition 
to funds provided by the WDNR, it is also possible 
that the cost of certain recommended components of 
the storm water drainage system may be shared 
between the City or Village and the Wisconsin 
Department of Transportation as a part of future 
highway construction or reconstruction projects. 
Funding may also be available through the Federal 
Emergency Management Agency (FEMA) Hazard 
Mitigation Grant (HMG) or Public Assistance Grant 
programs or the U.S. Department of Housing and 
Urban Development Community Development Block 
Grant program, but all such funds are only available 
in fixed amounts following a Presidential disaster 
declaration.4 Because the division of costs for such 
measures is presently unknown, this plan assigns all 
such costs to the City or Village. 

2The State of Wisconsin is in the process of redesign
ing the nonpoint source pollution control program. 
As an outcome of that redesign. it is likely that 
current State programs for funding nonpoint source 
pollution control projects will be restructured lInd/ 
or augmented with new programs operating under 
different rules. 

31t is possible that the State may extend that 
deadline. 

4The City and Vii/age have obtained FEMA lIMG 
program funds for purchase and removal of three 
structures in the study area. 



It may be possible to obtain funds for certain elements 
of the recommended plan through the Urban Green 
Space (UGS) program, which is a component of the 
State of Wisconsin Stewardship Grant Program. 
Public acquisition of land in the vicinity of the 
recommended wet detention basin along Dousman 
Ditch, which is recommended under both this plan 
and the adopted park and open space plan for the 
City of Brookfield, may be a candidate for funding. 
The UGS program provides cost-share funding for 
up to 50 percent of the purchase price with a 
maximum State share of$100,000 per parcel. Funding 
for recommended localized streambank protection 
projects may also be available through the Steward
ship Program. 

Details on State and Federal programs that may be 
sources of funding are provided in Appendix L. 

SCHEDULE FOR FINANCING AND 
IMPLEMENTATION OF THE PLAN 

Possible Apportionment of Costs 
between the City of Brookfield, the 
Village of Elm Grove, and the Private Sector 
With the exception of the costs of floodproofing, the 
costs of the plan were assumed to be borne by the 
public sector. Floodproofing costs are usually borne 
by the individual building owner; however, if the 
City or Village provided financial assistance to those 
individuals, it would be more the likely that flood
proofing measures would be implemented. If it were 
found that floodproofing was not feasible for certain 
structures and acquisition and removal of those 
structures was necessary, the cost of acquisition and 
removal would be a public sector cost. Tables 61 and 
62 provide possible allocations of costs between the 
City, the Village, and the private sector. 

The recommended individual stormwater drainage 
projects are generally intended to solve drainage 
problems due to stormwater runoff from the 
community in which the project would be constructed. 
[n addition, in most cases, all of the tributary runoff 
to the problem areas are from the same community 
as the problem location. Thus, storm water drainage 
capital and operation and maintenance costs were 
assigned to the municipality in which the project 
would be located. 

The capital costs of the recommended floodland and 
water quality management projects cannot be as easily 

assigned to the City or the Village because they 
provide benefits to each community and the prob
lems they are intended to solve are related to condi
tions in each community. Thus, the following three 
possible approaches to apportionment of those costs 
were developed: 

1. Apportion capital costs based on the approxi
mate runoff volume contribution to Underwood 
Creek of each community. It was estimated 
that about 70 percent of the runoff volume 
from the portion of the study area that is 
tributary to Underwood Creek at the Mil
waukee-Waukesha county line comes from the 
City of Brookfield and about 30 percent comes 
from the Village of Elm Grove. Thus, under 
this approach, 70 percent of the costs would 
be assigned to the City and 30 percent to 
the Village. 

2. Apportion capital costs based on the approxi
mate flood damage reduction benefits real ized 
from construction of the project. It was esti
mated that about 7 percent of the flood damage 
reduction benefits for floods with recurrence 
intervals up to, and including, 100 years would 
accrue to the City and about 93 percent 
to the Village of Elm Grove. Thus, under 
this approach, 7 percent of the costs would 
be assigned to the City and 93 percent to 
the Village. 

3. Have each community pay for those floodland 
and water quality management projects located 
within that community. Under this approach, 
30 percent of the costs would be assigned to the 
City and 70 percent to the Village. 

Each of the above approaches represents a single 
aspect of the cost apportionment process. The most 
equitable way to apportion costs would be to con
sider the relative merits of each approach and synthe
size a composite. In this respect, the first approach 
enables consideration of the possible causes of the 
floodland and water quality problems; the second 
approach enables consideration of the benefits of 
implementing the plan; and the third approach 
enables consideration of the administrative structure 
for accomplishing the projects, in that the simplest 
administrative arrangement would be for each com
munity to construct project components within 
its boundaries. 
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Table 61 

ASSIGNMENT OF LOCAL PUBLIC-SECTOR AND PRIVATE-SECTOR 
CAPITAL COSTS OF THE RECOMMENDED PLAN FOR THE 

DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

Capital Costa 

Plan Element Local Public Sector Private Sector Total 

Stormwater Drainage $5,320,000 $68,000 $5,388,000 

Water Quality Management $4,096,000b $ 0 $4,096,000 

Floodland ManagementC, d $14,495,000 to $22,205,000 $0 to $260,000e $14,755,000 to $22,205,000 

Total $23,911,000 to $31,621,000 $68,000 to $328,000 $24,239,000 to $31,689,000 

alncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1998 with Engineering News-Record 
Construction Cost Index = 6,740. 

bState of Wisconsin nonpoint source grant program funds may be available for up to $2,828,000 of this amount. That cost assumes 
70 percent State cost sharing for wet detention basin construction and 50 percent State cost sharfng for the channel to convey runoff 
to the wet basin, land acquisition, and accelerated street sweeping. 

cThere may be some funds available from the Wisconsin Department of Transportation to pay for limited portions of this plan 
element as part of future highway construction or reconstruction projects. Also, following a Presidential disaster declaration, FEMA 
Flood Hazard Mitigation Grant and Public Assistance Grant funds and U.S. Department of Housing and Urban Development 
Community Development Block Grant funds may be available. It is also possible that new State funding for flood mitigation projects 
may be available. 

dThese costs include $120,000 for the flood control measures recommended along Underwood Creek in the viCinity of Clearwater 
Drive and Pomona Road in the City of Brookfield. 

elf the buildings to be floodproofed were purchased and demolished, the cost of this component would be eliminated. 

Source: SEWRPC. 

To base the apportionment on Approach 1 alone 
would not adequately account for other factors which 
contribute to, or serve to mitigate, the flooding 
problem, but which cannot be readily quantified. Such 
contributing factors include: I) the occurrence of 
development in low-lying riparian areas that were 
subsequently identified as floodplains and 2) back
water that is caused by hydraulic structures in and 
near flood hazard areas and that affects the extent of 
the floodplain. Mitigating factors include the reduc
tion in flood flows due to the preservation of large 
wetland storage areas in the City. When these addi
tional factors are considered, it can be concluded that 
the City share of the costs based on Approach 1 could 
be reduced and the Village share could be increased. 

Similarly, to base the apportionment on Approach 2 
alone would not adequately account for other factors 
which contribute to the flooding problem. A 
significant contributing factor to the flooding is the 
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relatively larger amount of runoff volume contributed 
by the City as described under Approach 1. Thus, 
when consideration is given to the City'S contribution 
to flood volumes it can be concluded that the City 
share of the costs based on Approach 2 could be 
increased and the Village share could be decreased. 

Approach 3 does not account for factors that con
tribute to the flooding problem, or factors that 
mitigate the flooding problem. 

Based on consideration of the possible approaches and 
qualifying factors set forth above, it was concluded 
that a reasonable cost apportionment for the water 
quality and flood land management plan elements 
would be to assign the costs of the plan based upon 
the approximate average of the three approaches 
noted above, thereby blending consideration of all 
three approaches. This results in an approximated 



Table 62 

POSSIBLE APPORTIONMENT OF TOTAL CITY OF BROOKFIELD AND VILLAGE OF ELM GROVE 
COSTS FOR THE RECOMMENDED STORMWATER AND FLOOD LAND MANAGEMENT PLAN 

FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

City of Brookfield Village of Elm Grove local Total 

Annual Annual Annual 
Capital Operation ang Capital Operation ang Capital Operation and 

Plan Element Costa Maintenance Costa Maintenance Costa Maintenance 

Stormwater Drainage $3,782,000 $10,160 $1,538,000 $ 2,120 $5,320,000c $12,280c 

Water Quality Management $1,641,000 $15,000 $2,455,000 $ 1,000 $4,096,000d $16,000 

Floodland Management $5,870,000 to $ 4,000 $8,505,000 to $32,000 $14,495,000e to $36,000 
$8,954,000 $13,131,000 $22,205,000 

Total $11,293,000 to $29,160 $12,498,000 to $35,120 $23,911,000 to $64,280 
$14,377,000 $17,124,000 $31,621,000 

alncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1998 with Engineering News-Record Construction Cost 
Index = 6,740. As described in this chapter, 40 percent of the capital cost for water quality and f100dland management measures is assigned to the City 
of Brookfield and 60 percent is assigned to the Village of Elm Grove. 

bOperation and maintenance costs are assigned to the community in which the facility is located. 

cAn additional capital cost of $68,000 and an annual operation and maintenance cost of $200 for f1oodproofing were assigned to the private sector. 

dUp to $2,828,000 in WDNR cost-share funds could be provided as described in a footnote to Table 61. If only part of that amount were provided, the 
difference would be divided between the City (40 percent) and the Village (60 percent). 

e An additional capital cost of $260,000 for f1oodproofing was assigned to the private sector. 

Source: SEWRPC. 

assignment of 40 percent of the costs to the City of 
Brookfield and 60 percent to the Village.5 

As set forth in Table 61, the total capital cost of the 
recommended plan could range from $24.2 million to 
$31.7 million, with the higher cost being applicable if 
it were necessary to purchase and remove all 
structures that are recommended to be floodproofed. 
The local public sector share of the capital costs could 
range from $23.9 million to $31.6 million and the 
private-sector share could range from $68,000 to 
$328,000. As set forth in Table 62, of that public 
sector share, from $11.3 to $14.4 million, depending 

5The only exception to this cost apportionment rule 
for the flood land and water quality management plan 
elements is that the total capital cost of the Clear
water Drive culvert replacement, road grade raise, 
and compensatory storage project is assigned to the 
City, since it would solely benefit City residents. 

on the amount of floodproofing, is assigned to the 
City of Brookfield and from $12.6 to $17.2 million is 
assigned to the Village of Elm Grove. 

In order to simplify the operation and maintenance of 
the recommended facilities, it was assumed that the 
municipality in which a facility is located would be 
responsible for the operation and maintenance of that 
facility. The estimated annual operation and 
maintenance cost assigned to the City is $29,160 and 
the annual operation and maintenance cost assigned to 
the Village is $35,120. 

Possible institutional frameworks for implementing 
the plan based on the recommended apportionment 
include 1) the establishment of a joint storm water 
commission, including members from both the City 
and the Village or 2) intercommunity coordination 
through intergovernmental agreements as provided for 
under Section 66.30 of the Wisconsin Statutes 
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Prioritization of Capital Improvements 
A preliminary prioritization of the recommended 
capital improvements is given in Table 63. For this 
prioritization, a project is defined as a set of 
storm water or flood land 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 system of which it is a part. 

The projects are classified as of high, intermediate, or 
low priority. The high-priority projects are those 
that address the most significant existing problems, 
including direct flooding of structures. The inter
mediate-priority projects are predominantly those that 
are required to upgrade the minor system to meet the 
plan standards and which are of somewhat greater 
extent than the low-priority projects, but which do not 
relate to the prevention of direct flooding of buildings. 
The low-priority projects are those that are required to 
upgrade the minor system to meet the plan standards 
and to address localized problems. 

The sequence in which projects are actually imple
mented and the time at which they are implemented 
will ultimately depend on a number of factors 
not related solely to storm water and floodland man
agement considerations. Such factors include budge
tary constraints, the need to implement other projects 
in the City and Village capital improvements 
programs, and variations in future development and 
redevelopment patterns as determined by the urban 
land market. 

Critical Implementation Seqnences 
In general, projects which call for upgrading the 
existing storm water conveyance system should pro
ceed 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. The recommended sequence for 
constructing the water quality and floodland manage
ment plan elements is described below. 

Project Nos. 1 and 2 in Table 63-Dual Purpose Wet 
Detention Basin Along Dousman Ditch, Underwood 
Creek Overflow Channel and Diversion, Compensat
ing Storage, and Structure Floodproofing or Removal 
should be coordinated. The three floodwater storage 
components-along Dousman Ditch, upstream of 
W. North Avenue, and in the Village Park-should be 
constructed first. If they are to be constructed 
individually at different times, the best sequence 
would be to proceed from upstream to downstream. 
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After completing construction of the storage areas, the 
overflow channel should be constructed, followed by 
the diversion culvert. The recommended construction 
sequence would ensure that downstream flood flows 
and stages would not be increased during any phases 
of the project. 

REGULATORY CONSIDERATIONS 

Implementation of some of the measures recom
mended in this system plan may require the prior 
approval of certain regulatory agencies other than the 
City and Village, including the Wisconsin Department 
of Natural Resources, and the U.S. Army Corps of 
Engineers. The regulatory process involved is com
plex, therefore, the City and Village should seek legal 
counsel prior to proceeding with any storm water and 
flood land management measures that involve the 
construction or modification of artificial waterways 
connecting to navigable waters, the alteration or 
enclosure of navigable watercourses, the removal of 
material from the beds of navigable watercourses, or 
the disturbance of wetlands. 

Federal regulatory authority relating to the disturbance 
of wetlands 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 construction or 
modification of artificial waterways, canals, or ponds 
connecting to, or located within 500 feet of, a 
navigable waterway, the alteration of navigable water
ways, the placement of deposits or structures in the 
bed of navigable waterways or the enclosure of 
navigable waterways, the removal of material from 
navigable waterways, and also to activities affecting 
the water quality of wetlands. This authority is con
tained in sections 30.12, 30.195, 30.20, and 144.025 
of the Wisconsin Statutes. The administering agency is 
the Wisconsin Department of Natural Resources. 

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"; Chapter NR 116, 
"Wisconsin's Floodplain Management Program"; and 
ChapterNR 117, "Wisconsin's City and Village 
Shoreland-Wetland Protection Program." Implementa
tion of the recommended flood land management plan 
could involve disturbance of wetlands during 
construction followed by restoration of the wetlands 



Table 63 

PRIORITIZATION OF RECOMMENDED PROJECTS FOR THE 
DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

Capital Costa 

Location of Hydrologic Plan Components City of Village of 
Project Designation Component Unit (H.U.) As Listed In Table 53 Brookfield Elm Grove Private Sector 

High-Priority Projectsa 

Floodland Management/Water Quality Management 

1. Dual-Purpose Wet City of Brookfield 00-7 Water quality plan element $ 1,740,000b $ 2,610,000b $ 0 
Detention Basin Items 1 through 4. Flood-
Along Dousman Ditch land management plan 

element Item 2 

2. Underwood Creek City of Brookfield -- Floodland management plan 5,646,000c 8,469,000c 260,000c 
Overflow Channel and Village of Elm Grove element Items 3 through 14 
Diversion, Compen-
sating Storage, and 
Structure Flood-
proofing or Removal 

Stormwater Orainage/Water Quality Management 

3. Verdant Drive Village of Elm Grove 00-5 H.U. 00-5 Items 1 through 4 $ 0 $ 305,000 $ 0 

4. Victoria Circle North Village of Elm Grove 00-8 H.U. 00-8 Victoria Circle 0 147,000 23,000 
North Items 1 through 3 

5. Wrayburn Road Village of Elm Grove UC-8 H.U. UC-8 Items 1 through 8 0 231,000 0 

6. Elmhurst Parkway Village of Elm Grove UC-9 H.U. UC-9 Items 1 through 5 0 409,000 0 

7. Briaridge Court! Village of Elm Grove 00-7 H.U. 00-7 Items 1 and 2 0 106,000 0 
Squires Grove 

8. Bishops Woods Village of Elm Grove UC-l0 H.U. UC-l0 Item 1 0 0 45,000 
Tributary 

9. Grandview/Kurtis Village of Elm Grove UC-ll H.U. UC-ll Items 1 through 3 0 119,000 0 

10. Downtown Street Village of Elm Grove UC-ll Water quality plan element 0 1,000 0 
Sweeping Item 5 

11. City of Brookfield 00-8 H.U. 00-8 Indianwood/ 355,000 0 0 
Onondaga Items 1 
through 3 

12. Tru/Adelaide City of Brookfield UC-7 H.U. UC-7 Items 1 through 14 2,565,000 0 0 

13. San Juan Trail City of Brookfield UC-6 H.U. UC-6 Items 1 through 7 234,000 0 0 

14. Pomona Road City of Brookfield UC-4 H.U. UC-4 Items 1 and 2 79,000 0 0 

15. Clearwater Drive City of Brookfield UC-4 Four replacement culverts, 120,000 0 0 
road grade raise, compen-
sating storage 

16. Westwood Drive City of Brookfield UC-5 H.U. UC-5 Items 1 through 5 108,000 0 0 

17. Street Sweeping City of Brookfield UC-l0 Water quality plan element 5.000 0 0 
Item 5 

Total 

$ 4,350,000b 

14,375,000c 

$ 305,000 

170,000 

231,000 

409,000 

106,000 

45,000 

119,000 

1,000 

355,000 

2.565,000 

234,000 

79,000 

120,000 

108,000 

5,000 

after construction, As stated in Chapter VI, the degree 
of wetland disturbance could be minimized during the 
final design of the project. 

request to revise the City and Village floodplain 
boundary maps.6 

As a result of the detailed hydrologic and hydraulic 
modeling conducted under the planning effort, 
updated IOO-year recurrence interval flood profiles 
were computed for Dousman Ditch and Underwood 
Creek in the City of Brookfield and the Village of Elm 
Grove. Those profiles and the substantiating analyses 
used in their development can be submitted by the 
City and the Village to the WDNR and FEMA with a 

6The currently adopted IOO-year recurrence interval 
flood pn?files are based on the FEMA FIS prepared in 
1986 fiJr the City and 1982 fiJr the VillaKe. Those 
pro.files must be used for zoning and regulatory 
purposes until the IOO-year flood profiles determined 
under this storm water and floodland management 
plan are formally approved by the State of Wisconsin 
and FEMA and adopted by the City and the Village. 
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Table 63 (continued) 

Capital Costa 

Location of Hydrologic Plan Components City of Village of 
Project Designation Component Unit (H.U.) as Listed in Table 53 Brookfield Elm Grove Private Sector Total 

Medium-Priority Projects 

1. San Fernando Drive Village of Elm Grove UC-8 H.U. UC-Bltems 9 through 12 $ 0 $ 165,000 $ 0 $ 165,000 

2. N. 124th Street Village of Elm Grove UC-13 H.U. UC-13 Items 1 and 2 0 19,000 0 19,000 

3. Centa Lane Village of Elm Grove UC-14 H.U. UC-14 Items 1 through 3 0 33,000 0 33,000 

4. Mt. Vernon Avenue City of Brookfield 00-7 H.U. 0D-5 Item 5 2,000 0 0 2.000 

5. Gebhardt Road City of Brookfield 00-9 H.U. 00-9 Items 1 and 2 12B,OOO 0 0 128,000 

6. Brookfield East High City of Brookfield UC-6 H.U. UC-6ltems B through 13 206.000 0 0 206.000 
School 

Low-Priority Projects 

Stormwater Drainage 

1. Pilgrim Parkway Village of Elm Grove 00-9 H.U. 00-9 Item 3 $ 0 5 4,000 $ 0 5 4.000 

2. Patricia Lane/Lucy City of Brookfield 00-2 H.U. 00-2 Items 1 and 2 14.000 0 0 14.000 
Circle 

3. Burleigh Boulevard/ City of Brookfield UC-1 H.U. UC-1ltems 1 through 5 76,000 0 0 76,000 
Luella Drive 

4. Hillside Drive City of Brookfield UC-2 H.U. UC-2 Item 1 4,000 0 0 4,000 

5. N. 131st Street City of Brookfield UC-7 and 8 H.U. UC-B Item 13 11,000 0 0 11.000 

Total -- -- -- $11,293.000 $12,61B,OOO $32B,OOO 524.239.000d 

alncludes 35 percent for engineering, administration, and contingencies. Costs are for year 1998 with Engineering News-Record Construction Cost Index = 6,740. 

b A maximum of $2,828,000 in State of Wisconsin nonpoint source grant funds may be available for this wet detention basin. $1,131,000 of that would be applied against the City 
of Brookfield share and $1,697,000 against the Village of Elm Grove share. 

clf structures had to be purchased and removed, rather than floodproofed, the private-sector cost would be eliminated and the $7,710,000 purchase and removal cost would be 
apportioned with $3,084,000 assigned to the City of Brookfield and $4,626,000 assigned to the Village of Elm Grove. 

dThis cost could be increased by up to $7,450,000 if it were necessary to purchase and remove all structures for which floodproofing is recommended. 

Source: SEWRPC. 

PLAN REEVALUATION 
AND UPDATING 

The recommended plan components should be 
reevaluated at 10-year intervals, considering the 
degree to which the recommendations have been 
implemented and incorporating any changes in the 
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available rainfall-duration-frequency data and in 
the state-of-the-art of storm water and flood land man
agement. The plan components, including the need 
for certain facilities and the location, size and capacity 
of facilities, should be revised as necessary to 
reflect changing conditions and storm water manage
ment needs. 



Chapter VIII 

SUMMARY 

DESCRIPTION OF 
THE RECOMMENDED PLAN 

The recommended storm water and floodland manage
ment plan for the Dousman Ditch and Underwood 
Creek subwatersheds consists of three elements: a 
water quality management element, a storm water 
drainage element, and a flood land management ele
ment. A graphical summary of the recommended plan 
components is set forth on Map 56. 

The components of the recommended storm water 
management plan, including the water quality and 
storm water drainage elements, and their estimated 
capital and annual operation and maintenance costs are 
summarized in Table 53. The recommended storm
water management plan is summarized in graphic 
form on Map 54. The recommended stormwater 
management plan calls for 1) the construction of a 
dual-purpose wet detention basin with a permanent 
pond area of 19 acres along the upper reach of 
Dousman Ditch west of Pilgrim Parkway and north of 
Wisconsin Avenue extended; 2) the provision of new 
or replacement culverts and storm sewers at potential 
problem areas throughout the study area; 3) limited 
swale modification; 4) acquisition of one house and 
lot and floodproofing of two houses; 5) floodproofing 
of basement garages at two apartment buildings along 
the Bishops Woods Tributary in Elm Grove; 6) the 
construction of a storm water pumping station along 
the east side ofLiIly Road, north ofW. North Avenue; 
7) increased sweeping of about 23 curb-miles of 
streets in critical land use areas in both Brookfield and 
Elm Grove; 8) continued enforcement of the existing 
construction site erosion control ordinances; 9) site 
specific best management practices to reduce the 
washoff of pollutants from new development, or 
redevelopment, sites; 10) maintenance of the existing 
15 ponds in the study area; 11) reduced application of 
sand on streets in the winter; 12) localized bank 
protection projects, using natural bioengineering 
techniques wherever practical; and 13) public infor
mation and education efforts to promote good 
urban "housekeeping" practices that reduce nonpoint 
source pollution. 

The estimated capital cost of the recommended water 
quality management plan element is $4,096,000 and 

the estimated capital cost of the recommended storm
water drainage plan element is $5,388,000. Thus, the 
estimated cost of the stormwater management plan 
component of the recommended plan is $9,484,000. 

Implementation of the recommended water quality 
management plan would provide controls on runoff 
from about 73 percent of the critical land uses in the 
study area and all areas of new development or 
redevelopment. As seen from Table 20, construction of 
the Dousman Ditch wet detention basin and the 
recommended increased street sweeping would result 
in pollutant loading reductions relative to 1990 land use 
conditions in the study area of 3 percent for total 
solids, 18 percent for particulate solids, 5 percent for 
phosphorus, 16 percent for copper, 20 percent for 
lead, and 3 percent for zinc. Relative to planned 
buildout conditions, the expected reductions due to 
implementation of those measures would be 8 percent 
for total solids, 25 percent for particulate solids, 15 
percent for phosphorus, 21 percent for copper, 28 
percent for lead, and 15 percent for zinc. Implementa
tion of the additional measures as recommended 
above would be expected to significantly increase the 
loading reductions. 

Full implementation of the recommended stormwater 
drainage measures would provide a minor storm water 
drainage system adequate to convey and/or store 
runoff from storms with recurrence intervals up to, 
and including 10 years and to generally provide an 
acceptable level of traffic service and access to 
property during such storms. Implementation of the 
recommended drainage measures would also avoid 
direct flooding of inhabited buildings during storms 
with recurrence intervals up to, and including 100 
years. The recommended measures would help to 
mitigate, but not eliminate, flooding of basements due 
to sanitary sewer backup. Other measures directed 
toward reduction of infiltration and inflow to sanitary 
sewers would be required to fully alleviate sanitary 
sewer backup problems. 

The components of the recommended flood land 
management plan, as summarized in graphic form on 
Map 54, include: 1) the dual-purpose wet detention 
basin with a permanent pond area of 19 acres along 
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Map 56 
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the upper reach of Dousman Ditch; 2) about 14 acre
feet of floodwater storage volume in the east overbank 
of Underwood Creek in the City of Brookfield 
northwest of the intersection of W. North Avenue 
and Lilly Road; 3) purchase and removal of six 
houses located east of Underwood Creek in the City 
to enable construction of the detention storage area 
described under Item 2; 4) about 35 acre-feet of 
floodwater storage volume in the northern portion 
of the Village Park; 5) a 4,100-foot-long overflow 
channel along the west overbank of Underwood 
Creek, or possibly channel overbank lowering, from 
near the intersection of Mt. Kisco Drive and Under
wood River Parkway to Juneau Boulevard and asso
ciated culverts at Marcella Avenue and the Village 
Hall Drive; 6) a 5,400-foot-long double six-foot
high by seven-foot-wide reinforced concrete box 
culvert diversion from Juneau Boulevard through 
the downtown portion of the Village of Elm Grove 
to a location about 450 feet east of the Milwaukee
Waukesha County line; 7) floodproofing, or purchase 
and removal, of one house in Brookfield, two 
houses in Elm Grove, three apartment buildings in 
Elm Grove, one commercial building in Brookfield, 
and seven commercial buildings in Elm Grove; 
8) replacement culverts and a road grade raise at 
Clearwater Drive; 9) about one acre-foot of flood
water storage volume near Clearwater Drive; and 
10) raising about 360 feet of Pilgrim Parkway south 
of Gebhardt Road an average of about 0.9 foot, and 
replacement of associated culverts, to avoid inunda
tion of the roadway during a 100-year flood. 

Implementation of the plan would reduce the 100-
year flood stage from 0.7 to 3.5 feet in the reach in 
the Village of Elm Grove extending from the 
Milwaukee-Waukesha County line to W. North 
Avenue and from 0.2 to 0.3 foot in the City of 
Brookfield in the 0.5-mile-Iong reach upstream from 
W. North Avenue. The provision of a total of about 
72 acre-feet of floodwater storage volume would 
avoid flood flow and stage increases in the City of 
Wauwatosa downstream of the Village of Elm Grove 
during floods with recurrence intervals ranging 
from two through 100 years. 

Full implementation of the recommended flood land 
management plan would eliminate structure flood 
damages due to direct overland flooding along 
Underwood Creek for floods up to and including 
the 100-year recurrence interval flood event under 
planned land use and channel conditions. Damages 
due to street flooding would be reduced, but not 

eliminated by implementation of this plan in the 
absence of other measures directed toward reduction 
of infiltration and inflow to sanitary sewers. 

The total capital cost of the flood land management 
element of the recommended plan is estimated to be 
$14,755,000, assuming it would be possible to flood
proof all of the buildings remaining in the floodplain. 
Assuming an annual interest rate of 6 percent, a 
project life and amortization period of 50 years, and 
annual operation and maintenance costs of $36,000 
per year, the average annual cost of the recommended 
plan is $973,000. The average annual flood damage 
abatement benefit is estimated to be $135,000, 
yielding a benefit-cost ratio of 0.14. 

If, during the final design stage, it were determined 
that all of the buildings that are recommended to 
be floodproofed could not be floodproofed, those 
buildings would be purchased and removed. If all 
of the buildings were purchased and removed, the 
estimated cost of the recommended flood land man
agement plan element could increase to $22,205,000. 
Therefore, it would be realistic to expect that the 
cost of implementing that plan element to be in the 
range from $14,755,000 to $22,205,000. 

Table 64 lists the major identified stormwater 
drainage and flooding problems in the study area and 
the recommended solutions to those problems. 

TOTAL COST OF THE 
RECOMMENDED PLAN 

The total capital cost of the recommended storm water 
and flood land management plan as set forth in 
Table 61 is estimated to be between $24.2 million 
and $31.7 million. The lower cost would apply if 
all buildings remaining in the floodplain could be 
floodproofed. The higher cost would apply if those 
buildings could not be floodproofed and they were 
purchased and removed. The annual operation and 
maintenance cost increase relative to existing condi
tions is estimated to be $64,280. Based on the cost 
apportionment approach described in Chapter VII, 
the City of Brookfield share of the estimated plan 
capital costs would be from $11.3 million to 
$14.4 million, the Village of Elm Grove share 
would be from $12.6 million to $17.2 million, and 
the private sector share would be from $68,000 to 
$320,000. The City share of the estimated annual 
operation and maintenance costs would be $29,160 
and the Village share would be $35,120. 

273 



Table 64 (continued) 

Problem Solution Related Measures 

11. Street flooding and sanitary sewer a. Storm sewer replacement Dousman Ditch detention basin would lower 
backup in the vicinity of Briaridge the 100-year flood stage by about 0.1 foot. 
Court in the Squires Grove marginally improving the effectiveness of 
subdivision-Village of Elm Grove the recommended major stormwater 

drainage system 

12. Street flooding and sanitary sewer a. Storm sewer addition and replacement --
backup in the vicinity of Westwood 
Drive and Crestview Circle-
City of Brookfield 

13. Flooding of basement garages of a. Floodproof through regrading and --
two apartment buildings along the repairing driveway 
Bishops Woods Tributary-
Village of Elm Grove 

14. Potential flooding of houses along a. Culvert replacement - -
drainageway in the vicinity of 
Grandview and Kurtis Drives in 
the Village 

15. Inadequate Minor Stormwater a. New storm sewers --
Drainage System-San Fernando 
Drive-Village of Elm Grove 

b. Storm sewer replacement 

16. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-No 124th Street-
Village of Elm Grove 

17. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-Centa Lane-
Village of Elm Grove 

18. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-Mt. Vernon 
Avenue-City of Brookfield 

19. Inadequate Minor Stormwater a. Storm sewer replacement --
Drainage System-Gebhardt Road-
City of Brookfield 

20. Inadequate Minor Stormwater a. Storm sewer replacement - -
Drainage System-Brookfield East 
High School-City of Brookfield 

21. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-Pilgrim Parkway-
Village of Elm Grove 

22. Inadequate Minor Stormwater a. Culvert and storm sewer replacement --
Drainage System-Patricia Lane/ 
Lucy Circle-City of Brookfield 

23. Inadequate Minor Stormwater a. Culvert and storm sewer replacement - -
Drainage System-Burleigh 
Boulevard/Luella Drive-
City of Brookfield 

24. Inadequate Minor Stormwater a. Storm sewer replacement --
Drainage System-Hillside Drive-City 
of Brookfield 

25. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-No 131st Street-
City of Brookfield 

Source: SEWRPC. 
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Table 64 (continued) 

Problem Solution Related Measures 

11. Street flooding and sanitary sewer a. Storm sewer replacement Dousman Ditch detention basin would lower 
backup in the vicinity of Briaridge the 1 OO-year flood stage by about 0.1 foot, 
Court in the Squires Grove marginally improving the effectiveness of 
subdivision-Village of Elm Grove the recommended major stormwater 

drainage system 

12. Street flooding and sanitary sewer a. Storm sewer addition and replacement --
backup in the vicinity of Westwood 
Drive and Crestview Circle-
City of Brookfield 

13. Flooding of basement garages of a. Floodproof through regrading and --
two apartment buildings along the repairing driveway 
Bishops Woods Tributary-
Village of Elm Grove 

14. Potential flooding of houses along a. Culvert replacement --
drainageway in the vicinity of 
Grandview and Kurtis Drives in 
the Village 

15. Inadequate Minor Stormwater a. New storm sewers - -
Drainage System-San Fernando b. Storm sewer replacement 
Drive-Village of Elm Grove 

16. Inadequate Minor Storm water a. Culvert replacement --
Drainage System-No 124th Street-
Village of Elm Grove 

17. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-Centa lane-
Village of Elm Grove 

18. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-Mt. Vernon 
Avenue-City of Brookfield 

19. Inadequate Minor Stormwater a. Storm sewer replacement --
Drainage System-Gebhardt Road-
City of Brookfield 

20. Inadequate Minor Stormwater a. Storm sewer replacement --
Drainage System-Brookfield East 
High School-City of Brookfield 

21. Inadequate Minor Storm water a. Culvert replacement --
Drainage System-Pilgrim Parkway-
Village of Elm Grove 

22. Inadequate Minor Stormwater a. Culvert and storm sewer replacement --
Drainage System-Patricia lane/ 
lucy Circle-City of Brookfield 

23. Inadequate Minor Stormwater a. Culvert and storm sewer replacement - -
Drainage System-Burleigh 
Boulevard/luella Drive-
City of Brookfield 

24. Inadequate Minor Stormwater a. Storm sewer replacement --
Drainage System-Hillside Drive-City 
of Brookfield 

25. Inadequate Minor Stormwater a. Culvert replacement --
Drainage System-No 131st Street-
City of Brookfield 

Source: SEWRPC. 
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Appendix A 

COST DATA FOR STORMWATER MANAGEMENT MEASURES FOR 
THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHEDS 

IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
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Figure A-3 
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Figure A-2 

REINFORCED CONCRETE PIPE COST CURVESa 
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Figure A-4 

STRUCTURAL PLATE PIPE COST CURVESa 
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bThese curves are applicable for pipe invert depths of up to 12 
feet. For depths greater than 12 feet, site-specific cost 
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Source: SEWRPC. 

Table A-1 

MISCELLANEOUS UNIT COSTS 

Component Unit Costa 

Clearing and Grubbing $5,300 per acre 

Excavation $4 to $30 per cubic yardb 

Concrete $240 per cubic yard 

Riprap $60 per cubic yard 

Gabions $1 50 per cubic yard 

Landscaping $5,100 per acre 

1000 

aENR CCI = $6,740 (1998). Annual channel maintenance cost = 
$3,000 per mile. 

bCost dependent on haul distance to disposal site, disposal site 
tipping fees, and whether excavated material includes toxic 
substances requiring special disposal methods. 

Source: SEWRPC. 
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Figure A-6 

PUMPING STATION COST CURVESa 
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Source: SEWRPC. 

Table A-2 

UNIT COSTS FOR CONCRETE BOX CULVERTS 

Culvert Size Unit Costa,b 
(feet) (per lineal foot) 

4x2 $ 190 
5 x 3 270 
7x3 470 
8x4 560 
8x6 600 
8x8 680 
10 x 3 530 
10 x 4 660 
lOx 6 730 
10 x 8 870 

10 x 10 980 
12 x 6 960 
12 x 8 1,000 

12 x 10 1,230 
12 x 12 1,340 
16 x 6 900 

aENR CCI = 6,7401/9981. 

b Add $30 per lineal foot of pipe to account for road reconstruction. 

Source: SEWRPC. 



Table A-3 

UNIT COSTS FOR CORRUGATED 
METAL PIPE ARCHES 

Unit Costa 

Pipe Size, 
(per lineal foot) 

Span x Rise Excluding Road Including Road 
(inches) Reconstruction Reconstruction 

36 x 22 $77 $ 91 
43 x 27 90 104 
50 x 31 98 113 
58 x 36 118 133 
65 x 40 148 163 
72 x 44 157 171 

aENR eel = 6,740 (1998). 

Source: SEWRPC. 

Table A-5 

UNIT COSTS FOR REINFORCED 
CONCRETE PIPE ARCH (RCPA) AND 

HORIZONTAL ELLIPTICAL (HE) STORM SEWERS 

Unit Costa 
Pipe Size. (per lineal foot) 

Span x Rose 
(inches) Replacement of 

Existing Storm Construction of New 
Sewers in Storm Sewers in 

RCPA HE Urbanized Areas Developing Areas 

22 x 14 23 x 14 $ 81 $ 71 
29 x 18 30 x 19 93 82 
36 x 23 38 x 24 120 109 
44 x 27 45 x 29 142 129 
51 x 31 53 x 34 164 150 
58 x 36 60 x 38 187 173 
65 x 40 68 x 43 219 202 
73 x 45 76 x 48 257 240 

.. 83 x 53 333 311 
88 x 54 91 x 58 365 348 

8ENR CCI = $6.140 (1998). 

Source: SEWRPC. 

Table A-4 

UNIT COSTS FOR STRUCTURAL 
PLATE PIPE ARCHES 

Unit Costa 

Pipe Size, 
(per lineal foot) 

Span x Rise Excluding Road Including Road 
(inches) Reconstruction Reconstruction 

73 X 55 $ 400 $ 410 
84 X 61 430 
98 X 69 480 
114X77 580 
131 X 85 710 
148 X 93 770 

161X101 860 
178 X 109 910 
190 X 118 1,000 
199 X 121 1,030 

aENR eel = 6,740 (1998). 

Source: Dodge Guide and SEWRPe. 

Table A-6 

UNIT COSTS FOR 
ROADWAY BRIDGE REMOVAL 

AND REPLACEMENT 

440 
500 
600 
730 
800 
880 
940 

1,040 
1.070 

Removal Unit Costa,b Replacement Unit Costa•b•c 

(per square foot) (per square foot) 

$14 $100 

aENR CCI = 6,740 (1998). 

bBased on bridge deck area, including street, curbs, sidewalks, 
and parapets. 

clncludes 35 percent for engineering, administration, and 
contingencies. 

Source: SEWRPC. 
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Table A-7 

UNIT COSTS FOR RAILWAY 
BRIDGE REMOVAL AND REPLACEMENT 

Replacement 
Removal Unit Costa,b 

Number Unit Costa,b (per lineal foot 
of Tracks (per square foot) of span) 

2 $14 $17,000 

aENR CCI = 6,740 (1998). 

blncludes 35 percent for engineering, administration, and 
contingencies. 

Source: SEWRPC. 

Table 9 

SINGLE-FAMILY HOME elEVATION COSTS8 

Cost = $60,000 per House 

aENR CCI = $6,740 (1998). Costs include administration 
and contingencies. 

Source: SEWRPC. 
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Table A-8 

STRUCTURE 
FLOODPROOFING COSTSa 

Structure Type Cost per Structure 

Single-Family Home $11,500 

Industrial!Commercial! Fair Market Value x (0.07 + 
Apartment Building 0.05 x height, in feet, of 
with Basement flood proofing above first 

floor 

aENR CCI = 6,740 (1998). Costs include administration and 
contingencies. 

bit there is no basement, the factor 0.07 is eliminated. 

Source: SEWRPC. 

Table A-10 

BUILDING DEMOLITION AND REMOVAL COSTSa 

Single-Family Home 
Cost = $40,000 + Fair Market Value of Structure and Land 

Commercial Building 
Cost = $70,000 + 1.1 x Building Fair Market Value 

Apartment Building 
Cost = $10,000 x Number of Apartments per Building + 

1.1 x Building Fair Market Value 

aCosts include building demolition and relocation expenses as set forth 
under State of Wisconsin laws. 

Source: SEWRPC. 



Appendix B 

CONSIDERATION OF THE EFFECT OF THE VILLAGE PARK BERM 
ON FLOOD STAGE ELEVATIONS ALONG LEGION DRIVE 

At the request of the Village of Elm Grove, the Commission staff performed hydraulic analyses to determine the 
effect that the berm in the Village Park has on flood stages of Underwood Creek. That analysis was requested by 
the Village staff in response to inquiries from Village residents. The berm, which was constructed about 30 years 
ago when the adjacent pond was deepened, is located between the pond and Underwood Creek and it runs parallel 
to Underwood Creek, as shown on Map B-1. 

There are 11 buildings located along Legion Drive between Lindhurst Drive and Nicolet Avenue that are within 
the 100-year floodplain. Only one building would be expected to be flooded during a the 50-year flood and no 
buildings would be expected to be flooded during floods with recurrence intervals up to 10 years. Residents of the 
vicinity inquired as to whether the berm might redirect floodwaters and constrict flood flows, thereby increasing 
the potential for flooding of buildings along Legion Drive. 

The Commission staff performed a hydraulic analysis of the subject reach of Underwood Creek using the U.S. 
Army Corps of Engineers HEC-RAS River Analysis Systems computer model developed under the ongoing 
floodland mapping update program for the City of Brookfield and the Village of Elm Grove and also used for the 
flood control alternatives analyses presented in Chapter V of this report. Water surface profiles were computed for 
the two-, five-, 10-, 50-, and 100-year recurrence interval floods occurring under planned land use conditions. 
Profiles were computed for existing channel conditions with and without the berm. A comparison of the flood 
profiles is given in Table B-1. 

The data in the table indicate that during large floods with recurrence intervals of 10 through 100 years, the 
increase in flood stage due to the berm would range from 0.00 to 0.02 foot. Thus, during such large floods, the 
effect of the berm on flood stage elevations is insignificant. 

During a five-year recurrence interval flood, the increase in stage due to the berm would range from 0.00 to 0.05 
foot. That increase is small, and no buildings would experience greater flooding as a result of the increases in 
stage since there are no buildings within the limits of the area that would be flooded during a five-year event. 

During a two-year recurrence interval flood, the increase in stage due to the berm would generally range from 
0.00 to 0.15 foot, but could be as much as 0.49 foot at River Mile 4.00, just upstream of the northern limit of the 
berm. Once again, no buildings would experience greater flooding as a result of the increases in stage since there 
are no buildings within the limits of the area that would be flooded during a two-year event. 

Based on the results of the analyses as summarized above and in Table B-1, it can be concluded that the berm in 
the Village Park along Underwood Creek does not cause any significant increase in flooding along the Creek. 
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Map B-1 

LOCATION OF BERM IN ELM GROVE VILLAGE PARK 

BERM 

lOO-YEAR RECURRENCE INTERVAL FLOODPLAIN BOUNDARY
PLANNED LAND USE AND EXISTING CHANNEL CONDITIONS 

Source: SEWRPG. 
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River 
Mile location 

3.77 Upstream of park 
entrance road 
and north of 
Nicolet Avenue 

3.82 .-

3.83 .. 

3.90 Marquette Avenue 

3.93 _. 

4.0 North of Elmhurst 
Parkway 

4.12 Lindhurst Drive 

4.19 .. 

Source: 5EWRPC. 

Table 8-1 

COMPARISON OF FLOOD STAGES WITH AND WITHOUT THE EXISTING 
BERM ALONG UNDERWOOD CREEK IN THE ELM GROVE VILLAGE PARK 

Two-Year Flood Stage Five-Year Flood Stage 10-Year Flood Stage 50-Year Flood Stage" 
(feet NGVD29) . (feet NGVD29) (feet NGVD29) (feet NGVD29) 

Change Change Change Change 
Without With Due to Without With Due to Without With Due to Without With Due to 

Berm Berm Berm Berm Berm Berm Berm Berm Berm Berm Berm Berm 

74O.1B 740.18 0.00 742.08 742.08 0.00 743.24 743.24 0.00 744.58 744.57 ·0.01 

740.41 740.39 .().02 742.17 742.18 0.01 743.28 743.28 0.00 744.60 744.60 0.00 

740.44 740.41 ·0.03 742.18 742.20 0.02 743.28 743.29 0.01 744.60 744.61 0.01 

740.57 740.64 0.07 742.20 742.22 0.02 743.29 743.30 0.01 744.61 744.62 0.01 

740.65 740.80 0.15 742.22 742.24 0.02 743.30 743.32 0.02 744.63 744.64 0.01 

740.90 741.39 0.49 742.26 742.31 0.05 743.33 743.35 0.02 744.65 744.67 0.02 

742.74 742.72 .().02 743.22 743.23 0.01 743.79 743.60 0.01 744.90 744.92 0.02 

743.58 743.58 0.00 744.00 744.00 0.00 744.32 744.32 0.00 745.17 745.18 0.01 

l00-Year Flood Stage 
(feet NGVD29) 

Change 
Without With Due to 

Berm Berm Berm 

746.06 746.06 0.00 

746.07 746.07 0.00 

746.07 746.07 0.00 

746.08 746.08 0.00 

746.08 746.09 0.01 

746.10 746.'1 0.01 

746.19 746.20 0.01 

746.29 746.29 0.00 
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Appendix C 

LOCAL OFFICIALS AND 
UNDERWOOD CREEK FLOODING TASK FORCE MEMBERS 

CITY OF BROOKFIELD 

Kathryn C. Bloomberg, Mayor 
Dean R. Marquardt, Director of Administrative Services 

Thomas M. Grisa, P.E., Director of Public Works 
William Muth, P.E., former Director of Public Works 

Steven D. Loth, P.E., and Mary Jo Lange, P.E., former Engineering Administrators 
Carrie Bristoll-Groll, P.E., Project Engineer 

Thomas J. Hafner, P.E., Project Engineer 

TASK FORCE MEMBERS 

Chris Blackburn, Co-Chairman 
Rob Buikema 
Dawn Carson 

James J. McGavock 
Jack Shaw 

Jerry Unruh 

VILLAGE OF ELM GROVE 

James W. Nortman, President 
Andrea Steen Crawford, Village Manager 

Charles D. Armao, Director of Public Works 

TASK FORCE MEMBERS 

Gerald Fellows, Co-Chairman 
John Bunce (ex officio) 
Paul Freedy (ex officio) 

James Keyes 
Neil Palmer 

Richard Reinders 
John Sch losser 
James Schwai 
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AppendixD 

CONSIDERATION OF FREQUENCY AND DURATION OF FLOODING 
AT PROPOSED BLUEMOUND ROAD GOLF RANGE DEVELOPMENT 

At the request of the City of Brookfield, the Commission staff performed hydrologic analyses to determine the 
potential for flooding of the proposed Bluemound Road Golf Range development under the alternative flood and 
nonpoint source pollution control plans described in Chapter V of this report. This appendix sets forth the findings 
of the analyses. 

The golf range is proposed to be located just north of the future extension of Wisconsin Avenue in the northeast 
one-quarter of U.S. Public Land Survey Section 27, Township 7 North, Range 20 East, City of Brookfield, as 
shown on Map D-1. Much of the proposed range would be located in the Dousman Ditch floodplain and within 
the recommended areawide flood detention facility to be located along Dousman Ditch about 500 feet north of the 
planned extension of Wisconsin Avenue. 

Under the analysis presented herein, daily peak flood flows and stages for the recommended detention basin were 
simulated using the Hydrological Simulation Program-Fortran (HSPF) model that was developed for the 
Underwood CreekIDousman Ditch subwatershed under the Underwood Creek and Dousman Ditch storm water 
management plan.! The HSPF model simulates streamflow and stage on a continuous basis using recorded 
climatological data as input. Daily peak flows and stages were simulated for Dousman Ditch at the outlet of each 
alternative detention basin for an approximately 49-year period of record from January 1940 through September 
1988. The results presented in this appendix are for that time period. 

The surface of the land on which the golf range is to be developed lies between elevation 826.5 and 827.6 feet 
above National Geodetic Vertical Datum, 1929 adjustment (NGVD29). Preliminary conceptual proposals for the 
proposed development call for the filling ofland on the development site to elevation 827.6 feet above NGYD29. 
Such filling north of the 500-foot development zone adjacent to the proposed extension of Wisconsin Avenue 
would have to be offset by the provision of an equal amount of compensatory storage below the 100-year 
recurrence interval flood stage under buildout land use conditions. Because the feasibility of providing 
compensatory storage has not been fully explored, a range of flood levels from elevation 826.5 to 827.6 feet 
NGVD29 was considered in the analysis. 

Table D-l sets forth the findings of the hydrologic analyses. The following is a summary of those findings: 

1. Under Alternative Plan No. I-Structure Floodproofing and Elevation, and Alternative Plan No. 2-
Acquisition and Removal of Flood prone Structures, the frequency and duration of flooding of the golf 
range site would not be affected because no changes would be made to the Dousman Ditch channel. 

2. Under Alternative Plan No.3-Limited Detention Storage with Structure Floodproofing . Elevation, 
and Removal; and Alternative Plan No. 10-Limited Dousman Ditch Detention Storage, Bridge and 
Culvert Modification, and Maximum On-Line Storage with Structure Floodproofing, Elevation, and 
Removal; and Alternative Plan No. II-Limited Dousman Ditch Detention Storage, Underwood 
Creek Overflow Channel and Diversion, and Compensating Storage with Structure Floodprooting and 

1 That model is consistent with the HSPF model developed under the ongoingjloodland boundary remapping and 
floodland storage area identification study for the City of Brookfield and the Village ~f Elm Grove. 
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Table D-1 

NUMBER AND AVERAGE DURATION OF SIMULATED FLOODING 
OCCURRENCES AT THE PROPOSED BLUE MOUND ROAD GOLF RANGE DEVELOPMENT 

Target Flood Stage Elevation 
(feet above NGVD29) 

Alternativea,b Flood Elevation-Duration Condition 826.5 827.0 

No.3-Limited Detention Number of times simulated peak daily flood 
Storage with Structure stage elevation exceeded the target 
Floodproofing and Elevation; elevation for a duration of:c 

No. 10-Limited Dousman One day or more 0 0 
Ditch Detention Storage, Two days or more 0 0 
Bridge <!nd Culvert Three days or more 0 0 
Modification, and Maximum 
On-Line Storage with Average duration in days of simulated peak 
Structure Floodproofing, daily flood stage in excess of target 
Elevation, and Removal; elevation for a duration of: 
and 11-Limited Dousman One day or more 0 0 
Ditch Detention Storage, Two days or more 0 0 
Underwood Creek Overflow Three days or more 0 0 
Channel and Diversion, and 
Compensating Storage with 
Structure Floodproofing and 
Removal 

No.4-Detention Storage with Number of times simulated peak daily flood 
Excavation Minimized, No stage elevation exceeded the target 
Wetland Disturbance, and elevation for a duration of:c 

Structure Floodproofingand One day or more 67 45 
Elevation; and No.9-Two Two days or more 41 26 
Basin Detention Storage with Three days or more 19 16 
Excavation Minimized, No 
Wetland Disturbance, and Average duration in days of simulated peak 

Structure Floodproofing daily flood stage in excess of target 

and Elevation elevation for a duration of: 

One day or more 3.5 4.5 
Two days or more 3.7 4.9 
Three days or more 4.1 4.6 

No.5-Expanded Detention Number of times simulated peak daily 
Storage with Excavation flood stage elevation exceeded the target 
Minimized and Structure elevation for a duration of:c 

Floodproofing and Elevation; One day or more 104 65 
and No.7-Expanded Two- Two days or more 58 45 
Basin Detention Storage with Three days or more 28 23 
Excavation Minimized and 
Structure Floodproofing and Average duration in days of simulated 
Elevation peak daily flood stage in excess of target 

elevation for a duration of: 

One day or more 3.6 4.9 
Two days or more 4.2 5.0 
Three days or more 4.7 5.4 

827.6 

0 
0 
0 

0 
0 
0 

30 
19 
11 

5.4 
5.8 
5.5 

47 
31 
17 

5.9 
6.1 
6.4 

aUnder Alternative Plan No.1-Structure F1oodproofing and Elevation and Alternative Plan No.2-Acquisition and Removal of Floodprone 
Structures, the frequency and duration of flooding of the Blue Mound Golf Range site would not be affected because no changes would be 
made to the Dousman Ditch channel. 

bUnder Alternative Plan No.6-Expanded Detention Storage with Excavation Maximized and Structure F1oodproofing and Elevation and 
Alternative Plan No. B-Expanded Two-Basin Detention Storage with Excavation Maximized and Structure Floodproofing and Elevation, it 
would not be possible to develop the Blue Mound Road Golf Range as intended because the Golf Range site would be purchased and 
excavated to elevation 824 feet above NGVD29 to provide additional flood storage capacity. 

cBased on simulated peak daily stages for the 49-year period extending from January 1940 through September 1988. 
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Removal, the additional flood storage and conveyance provided above the permanent pond between 
elevations 824 and 827 feet above NGVD29 resulted in no flooding above elevation 826.5 for periods 
of one day or longer, during the simulation period. Flooding of the golf range site would be expected 
to occur less frequently under this alternative than under existing conditions as represented by 
Alternative Plan Nos. 1 and 2. 

3. Under Alternative Plan NO.4-Detention Storage with Excavation Minimized, No Wetland 
Disturbance, and Structure Floodproofing and Elevation, and Alternative Plan No. 9-Two-Basin 
Detention Storage with Excavation Minimized, No Wetland Disturbance, and Structure Flood
proofing and Elevation, the simulated daily peak flood stage exceeded elevation 826.5 feet NGVD29 
for a duration of one day or more 67 times in 49 years. Therefore, it may be expected that the flood 
stage in the proposed golf range site would exceed elevation 826.5 feet above NGVD29 for a duration 
of one day or more about once every nine months. The average duration of flooding above that 
elevation was 3.5 days. The simulated daily peak flood stage exceeded elevation 826.5 feet above 
NGVD29 for a duration of three days or more 19 times in 49 years, or about once every 2.5 years. 
The average duration of flooding above that elevation was 4.1 days. 

The simulated daily peak flood stage exceeded the proposed project filling elevation of 827.6 feet 
above NGVD29 for a duration of one day or more 30 times in 49 years, or about once every 20 
months. The average duration of flooding above that elevation was 5.4 days. The simulated daily 
peak flood stage exceeded elevation 827.6 feet above NGVD29 for a duration of three days or more 
II times, or about once every 4.5 years. The average duration of flooding above that elevation was 
5.5 days. 

4. Under Alternative Plan No.5-Expanded Detention Storage with Excavation Minimized and 
Structure Floodproofing and Elevation, and Alternative Plan No.7-Expanded Two-Basin Detention 
Storage with Excavation Minimized and Structure Floodproofing and Elevation, the simulated daily 
peak flood stage exceeded elevation 826.5 feet above NGVD29 for a duration of one day or more 104 
times in 49 years, or about once every six months. The average duration of flooding above that 
elevation was 3.6 days. The simulated daily peak flood stage exceeded elevation 826.5 feet above 
NGVD29 for a duration of three days or more 28 times in 49 years, or about once every 20 months. 
The average duration of flooding above that elevation was 4.7 days. 

The simulated daily peak flood stage exceeded the proposed project filling elevation of 827.6 feet 
above NGVD29 for a duration of one day or more 47 times in 49 years, or about once a year. The 
average duration of flooding above that elevation was 5.9 days. The simulated daily peak flood stage 
exceeded elevation 827.6 feet above NGVD29 for a duration of three days or more 17 times, or about 
once every three years. The average duration of flooding above that elevation was 6.4 days. 

5. Under Alternative Plan No.6-Expanded Detention Storage with Excavation Maximized and 
Structure Floodproofing and Elevation, and Alternative Plan No.8-Expanded Two-Basin Detention 
Storage with Excavation Maximized and Structure Floodproofing and Elevation, it would not be 
possible to develop the golf range as intended because the site would be purchased and excavated to 
elevation 824 feet above NGVD29 to provide additional flood storage capacity. Frequent flooding of 
the excavated area would be expected. 

The alternative plans that limit or eliminate sustained flooding of the golf range site and are, therefore, most 
compatible with the proposed development are Alternative Plan Nos. 1, 2, 3, 10, and II. Alternative Plan Nos. 4 
and 9 would result in more frequent flooding of the site and Alternative Plan Nos. 5 and 7 would cause the most 
frequent 1l00ding. The implementation of Alternative Plan Nos. 6 and 8 would not permit development of the golf 
range as currently proposed. 
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Map D-l 

LOCATION OF PROPOSED BLUEMOUND ROAD GOLF RANGE 

DOUSMAN 

WEST 

PROPOSED BLUE MOUNO ROAO GOLF RANGE sITe 

LIMIT OF 500 FOOT DEVELOPMENT ZONE NORTH OF 
PROPOSED EXTENSION OF IMSCONSJN AVENUE 

Source: SEWRPC. 
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Appendix E 

MINUTES OF SEPTEMBER 15,1999, MEETING OF THE 
FULL UNDERWOOD CREEK FLOODING TASK FORCE 

These are the minutes of the Underwood Creek Task Force meeting held on 
September 15, 1999 at 7:00 p.m. in the Common Council Chambers of Brookfield 
City Hall, 2000 North Calhoun Road, Brookfield, Wisconsin. (*Reports mentioned 
in these minutes are available at the Brookfield City Clerk's Office or the Elm 
Grove Village Hall). 

, Members Present: Gerald Fellows, James Heuler, John Schlosser, James Keyes, James 
Schwai, Richard Reinders, Neil Palmer, Jack Shaw, Chris Blackburn, Dawn Carson, 
James McGavock, James Garvens and Mike Jakus. 

Staff Present: Mike Campbell, Andrea Steen-Crawford, Chuck Armao, Jim Nortman, 
Howard Young, State Rep. Marc Duff, State Sen. Margaret Farrow, Michael Bruch, Jr., 
Dean Marquardt, Tom Grisa, Mike Hahn, Carrie Bristoll-Groll and Mary Schulz. 

Chris Blackburn called the Underwood Creek Task~orce Meeting to order at 7:00 p.m. 

Chris Blackburn moved to table the April 21, 1999 minutes of the Underwood Creek 
Task Force meeting. This was seconded by Gerald Fellows and carried 
unanimously. 

Mike Hahn started out by giving recognition to the staff of the City of Brookfield and 
Village of Elm Grove, along with the members of the Underwood Creek TaskForce for 
their collaborated efforts on the Stormwater Management Plan. 

Mike Hahn introduced and summarized the Recommended Stormwater Management 
Plan*. The three main elements being: water quality management, stormwater drainage 
and floodland management. Some of the components of the plan are: 

• construction of a dual-purpose wet detention basin with a permanent pond area of 
19 areas along the upper reach of Dousman Ditch west of Pilgrim Parkway and 
north of Wisconsin Avenue extended 

• provision of new or replacement culverts and storm sewers at problem areas 
throughout the study area 

• limited swale modification 
• acquisition of one house and lot and floodproofing of two houses 
• construction of a stormwater pumping station along the east side of Lilly Road, 

north ofW. North Avenue 
• increased sweeping of about 23 miles of streets in critical land use areas in 

Brookfield and Elm Grove 
• continued enforcement of the existing construction site erosion control ordinances 
• site-specific best management practices designed to reduce the washoff of 

pollutants from new development, or redevelopment, sites 
• maintenance of the existing 15 ponds in the study area 
• more controlled application of sand on streets in the winter 
• localized bank protection projects, using natural bioengineering techniques 

wherever practical 
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Underwood Creek Task Force Meeting Minutes 
September 15, 1999 

• public information and education efforts to promote good urban "housekeeping" 
practices that reduce nonpoint source pollution 

2 

Mike Hahn indicated that the estimated capital cost of the recommended water quality 
management plan element is about $4.1 million and the estimated capital cost of the 
recommended stormwater drainage plan element is about $5.2 million. Thus, the 
estimated total cost of the stormwater management plan component of the recommended 
plan is $9.3 million. The total annual operation and maintenance cost increase relative to 
existing conditions is estimated to be $28,000 for both the city and village. 

Mike Hahn stated that the benefits of implementation of the Stormwater Management 
Plan are: 

• Implementation of the recommended water quality management plan would provide 
controls on runoff from about 73 percent of the critical land uses in the study area and 
all areas of new development. 

• Full implementation of the recommended stormwater drainage measures would 
provide a minor stormwater drainage system adequate to convey and/or store runoff 
from storms with recurrence intervals up to, and including 10 years and to generally 
provide an acceptable level of traffic service and access to property during such 
storms. Implementation of the recommended drainage measures would also avoid 
direct flooding of inhabited buildings during storms with recurrence intervals up to, 
and including 100 years. The recommended measures would help to mitigate, but not 
eliminate, flooding of basements due to sanitary sewer backup. Other measures 
directed toward reduction of infiltration and inflow to sanitary sewers, or in some 
cases increasing sanitary sewer capacities, would be required to fully alleviate 
sanitary sewer backup problems. 

Components of the recommended Floodland Management Plan, which is directed 
towards the Underwood Creek & Dousman Ditch, are shown on Maps VI-2 and VI-2a. 

• The dual-purpose wet detention basin along the upper reach Dousman Ditch 
• About 14 acre-feet of floodwater storage volume in the east overbank of Underwood 

Creek in the City of Brookfield northwest ofth.:: intersection of\V. North Avenue and 
Lilly Road 

• Purchase and removal of six houses located east of Underwood Creek in the City to 
enable construction of the detention storage area 

• About 35 acre-feet of floodwater storage volume in the northern portion of the 
Village Park 

• Raising about 360 feet of Pilgrim Parkway south of Gebhardt Road an average of 
about 0.9 foot, and replacement of associated culverts, to avoid inundation of the 
roadway during a 100-year flood 

• A 4,100 foot-long overflow channel along the west overbank of Underwood Creek, or 
possibly channel overbank lowering, from near the intersection ofMt. Kisco Drive 
and Underwood River Parkway to Juneau Boulevard and associated culverts at 
Marcella Avenue and the Village Hall Drive 
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Underwood Creek Task Force Meeting Minutes 
September 15, 1999 

• A 5,400 foot-long double six-foot high by seven-foot wide reinforced concrete box 
culvert diversion from Juneau Boulevard through the downtown portion of the 
Village of Elm Grove to a location about 450 feet east of the Milwaukee-Waukesha 
County line 

• Floodproofing, or purchase and removal, of one house in Brookfield, two houses in 
Elm Grove, three apartment buildings in Elm Grove, one commercial building in 
Brookfield, and seven commercial buildings in Elm Grove 

• Replacement culverts and road grade raise at Clearwater Drive 
• About one acre-foot of floodwater storage volume near Clearwater Drive 

The total capital cost of the floodland management element of the recommended plan is 
estimated to be $14.6 million, assuming it would be possible to floodproofing all of the 
buildings remaining in the floodplain. Assuming an annual interest rate of 6 percent, a 
project life and amortization period of 50 years, and annual operation and maintenance 
costs of $36,000 per year, the average annual cost of the alternative plan is $965,000. 

3 

The average annual flood damage abatement benefit is estimated to be $135,000, yielding 
a benefit-cost ratio of 0.14. . 

The benefits of implementing the Floodland Management Plan component would 
eliminate structure flood damages due to direct overland flooding along Underwood 
Creek for floods up to and including the 100-year recurrence interval flood event under 
planned land use and channel conditions. Damages due to street flooding would be 
reduced, but not eliminated by implementation of this plan in the absence of other 
measures directed toward reduction of infiltration and inflow to sanitary sewers. 

The total cost of the recommended plan is broken down as follows: 

Capital Cost - The total capital cost of the recommended storrnwater and floodland 
management plan is estimated to be between 524.0 million and $31.4 million, depending 
on whether certain buildings remaining in the floodplain after construction of the 
detention storage area can be floodproofed or must be purchased. The lower cost would 
apply if all buildings remaining in the floodplain could be floodproofed. The higher cost 
would apply if those buildings could not be floodproofed and they were purchased and 
removed. 

Annual Operation and Maintenance Cost Increase - The total operation and maintenance 
cost increase relative to existing conditions is estimated to be $64,000. 

Preliminary Suggested Cost Apportionment - Based on the preliminary suggested capital 
cost appointment: 

• The City of Brookfield share of the estimated plan capital costs would be from $11.1 
million to $14.2 million. 

• The Village of Elm Grove share would be from $12.6 million to $17.2 million. 
• The private sector share would be from 523,000 to $283,000. 
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September 15, 1999 

The City share of the estimated annual operation and maintenance costs would be about 
$29,000 and the Village share would be $35,000. 

This completed the report from Mike Hahn. 

At this time, Chris Blackburn asked if there were any questions from the Task Force 
members. 

Jim McGavock was opposed to the open pond along Dousman Ditch. He said it would 
be an attractive nuisance for children, who are naturally drawn to water. Who would be 
responsible for the liability of the pond. Ponds are for pollution control, not flood 
control. Also, the inflow and outflow of water of the pond would be minor, therefore 
causing algae and insects to be present. He would rather see a dry detention area 
established. Mike Hahn replied that certain design and safety measures can be taken to 
prevent these problems. The pond would have flat slopes and a buffer area along the 
shoreline. The water quality function is important and would treat runoff from 
Brookfield Square and much of the commercial development along the Bluemound 
corridor. Another function is to store runoff from new development in this area. The 
pond could be located to an area farther away from residential development. Mike Hahn 
also indicated that the water speed/velocity would be very minimal in this area. Mike 
Hahn stated that the legal council for the City and Village would have to look into the 
liability issue. 

Alderman Jim Garvens indicated that he represents a district that has modest homes. The 
plan calls for demolishing 6 homes in his district. Is it possible for these homes to be 
floodproofed rather than be removed. Mike Hahn replied that the removal of these 
homes is tied in with the development of floodwater storage areas. If the city would not 
remove the homes, the potential for development of storage areas is diminished. 

Howard Young asked if the level of water at the creek stage in Wauwatosa would 
increase. Does this mean under the conditions of the 100 year flood or under any 
conditions. Mike Hahn replied that the water level will not increase during the 100 year 
flood. 

A question was raised on what is the reduction in the flood elevation? Mike Hahn 
indicated that the reduction in the flood elevation will vary along the stream. The area 
between the County Line and North Avenue would have a reduction of between .7 and 
3.5 ft. The greatest reduction would be in Elm Grove at, and upstream of, Watertown 
Plank Road. 

J ames Schlosser stated that the sanitary concerns are not directly addressed by the 
solution. Mike Hahn indicated that the plan would lower flood stages and there would be 
improvements to storm sewers and culverts. He stressed that it would be impossible to 
make everything high & dry. James Schlosser said that a possible option to consider, 
along with the recommended solutions, would be bypass pumps. Neil Palmer stated the 
currently Elm Grove is pursuing sanitary sewer solutions. Andrea Steen-Crawford 
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Underwood Creek Task Force Meeting Minutes 
September 15, 1999 

indicated that Elm Grove has submitted 5 applications to the DNR for sanitary sewer 
bypasses. 

Neil Palmer said that the individual communities have the option of saying "no" to any 
portion of the plan. Communities have to decide what they can do and what they can 
afford to due. 

A question was raised whether the report would be put on the Internet. Neil Palmer 
stated that there would be problems with putting graphics on the Internet. Dean 
Marquardt indicated that the city staff can put the report on the City Web Page. 
SERWPC can provide the report on disk for the city. 

5 

Jack Shaw moved to accept the Preliminary Draft Recommended Stormwater and 
Floodland Management Plan. This was seconded by James Schlosser and carried 
unanimously. 

Chris Blackburn inquired about the status of the permit process. Michael Bruch, Jr., 
DNR Rep., stated that most ofthe permits applied for would be issued. There may be a 
problem with the permit allowing the bypass channel through the Wetlands. Someone 
questioned why developers are allowed to build near wetland. Mr. Bruch stated that any 
project which affects the wetlands would have an alternate project plan. The rule is to 
minimize the damage to any wetland area. 

Neil Palmer suggested that the individual communities meet with their members ofthe 
Underwood Creek Task Force and develop suggestions regarding the report to be 
discussed at the combined Underwood Creek Task Force Meeting-which will be held on 
Wednesday, October 13, 1999 at 7:00 p.m. at the Village of Elm Grove. 

Neil Palmer moved to adjourn the Underwood Creek Task Force Meeting. This was 
seconded by Alderman Jim Garvens and carried unanimously. 8:45 p.m. 
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Appendix F 

MINUTES OF SEPTEMBER 23, 1999, MEETING OF THE CITY OF BROOKFIELD 
SUBCOMMITTEE OF THE UNDERWOOD CREEK FLOODING TASK FORCE 

The September 23, 1999 meeting of the Underwood Creek Task Force (City of Brookfield 
members only) held at Brookfield City Hall in the Council Chambers, was calleditoorder 
by chairman Chris Blackburn at 7:00 p. m. i:, 'O~f - 6 s~;a 

Members present were Jim McGavock, Jack Shaw, Chris Blackburn, Dawn Carson, Rob 
Buikema, Alderman Mike Jakus, Alderman Jim Garvens, also present were Tom Grisa, Public 
Works Director and Dean Marquardt, Administrative Services Director.-·-"·~' 

The City of Brookfield members of the Underwood Creek Task Force on Flooding acknowledge 
the SEWRPC community assistance planning report no. 236, a stormwater and floodland 
management plan for the Dousman Ditch and Underwood Creek Subwatersheds in the City of 
Brookfield and Village of Elm Grove. SEWRPC technical staff, specifically Mike Hahn, has 
completed a daunting task during the past year. 

The Underwood Creek Task Force mission was to "develop recommendations for the Village of 
Elm Grove and City of Brookfield to improve stormwater management and sanitary sewer 
performance and to mitigate the effects of flooding within the Underwood Creek Basin". The 
Task Force has approved broad policy recommendations that were adopted by the Citywide Flood 
Task Force. The SEWRPC preliminary report represents one of the final steps for the combined 
task force. 

The Task Force members held considerable discussion of the SEWRPC preliminary stormwater 
and floodland management plan for the Dousman Ditch and Underwood Creek Subwatersheds. 
Identifying and acknowledging concerns for the retention structure located in the Dousman Ditch 
subwatershed. A map of the subwatershed located within the City of Brookfield was presented. 
Alderman Jakus explained to the Task Force the fact that the Dousman Ditch and Underwood 
Creek subwatersheds were only two of seven subwatersheds in the City. The City must weigh all 
the economic factors throughout the community before implementing any stormwater or 
floodland management plan. 

The Task Force members feel positive about the work that has been completed. However, there 
are concerns about other problems that may not have been identified at this time. Brookfield 
needs to work on these issues. The Board of Public Works will be reviewing this report and the 
reports on the other five sub watersheds, and will need to address the financial and policy issues as 
well as review and recommend an implementation plan to the Common Council. 

The Task Force discussed the process and path that the combined Task Force had traveled for the 
past year and assembled their report and recommendations. 

a. The City of Brookfield members of the Underwood Creek Task Force accept the report as 
a planning document that should be used as a guide as the various elements of the City's 
stormwater management plan are reviewed for design and implementation. 

b. The City of Brookfield and Village of Elm Grove members of the task force members 
work with the boards and committees of their respective communities to complete the 
implementation process of the overall stormwater and floodland management plans. If it 
is determined in the future that a j oint body of the task force is required, the task force 
members will reconvene. 

c. The City of Brookfield members of the Underwood Task Force do not support or accept 
the cost-sharing ratio presented in ,the preliminary plan. However, there is a unanimous 
desire of the members to maintain a spirit of cooperation, as both communities must 
simultaneously address stormwater and floodland management. 
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d. Any improvements made within the City of Brookfield must maintain current flow rates 
or less into the Village of Elm Grove. 

e. The Task Force members support the need for water quality measures and believes the 
City of Brookfield should investigate all water quality measures including and beyond 
those identified in the plan with consideration for location, effectiveness, and available 
finances. 

f. The City of Brookfield members of the Task Force request that specific protective and 
prevention efforts for mitigating sanitary sewer backup are identified and that affected 
persons be provided with education and financial/grant concepts for the purpose of 
assisting residents in the prevention of sanitary sewer backups. 

g. Three members of the task force to be appointed to serve on the Citywide Task Force on 
Flooding to provide representation for the citizens in the Underwood Creek and Dousman 
Ditch subwatersheds. 

h. The City of Brookfield members of the task force request that the Board of Public \Vorks 
view the future of the homes identified in the SEWRPC for acquisition as a high priority. 
The decision making process for the final disposition of these homes should be expedient 
to reduce the time of uncertainty for the owners. 

1. The task force requests that the Board of Public Works be the authority to implement the 
stormwater and floodland management plans. 

The Task Force stressed that the City should focus on the continuing education of the citizens as 
the plans are implemented and provide educational seminars before spring of 2000. 

Jim McGavock moved approval of the nine recommendations, Jack Shaw second the motion. 
The motion passed by a unanimous vote. 

Alderman Garvens moved the meeting be adjourned, second by Jack Shaw, motion carried. 9:35 
p.m. 



Appendix G 

MINUTES OF OCTOBER 13, 1999, PUBLIC INFORMATIONAL MEETING 
SPONSORED BY THE VILLAGE OF ELM GROVE SUBCOMMITTEE 

OF THE UNDERWOOD CREEK FLOODING TASK FORCE 

ELM GROVE REPRESENTATIVES OF THE 
UNDERWOOD CREEK TASK FORCE 

OCTOBER 13, 1999 

Present: Jerry Fellows, James Keyes, James Schwai, Richard Reinders, John Bunce, Paul 
Freedy and Neil Palmer. 

Also present: Mike Hahn - SEWRPC, Mike Campbell - Ruekert & Mielke, Andrea Steen 
Crawford, Chuck Armao, Senator Farrow, Rep. Duff, Jim Nortman, Susan Freedy, 
William Eagan, George Haas, Andy Azpell, Tim Clark, Steve and Irene Enrich, Mike and 
Mary Heuser, Mary Leach, George Boxhom, John Walker, Bob Biebel- SEWRPC, 
Gordon and Mary Barrington, Dennis Kaun, John DeCarlo, John Lochacz, Arthur 
Skalitzky, Pat RUttU..111, Janet Wintersberger, Richard Hinchcliff, J. Henkle, Maureen 
Po1czynski, Peggy Lane, Jane Guhl, Dick and Peg Raney, Dick Schlondrop, Ronald 
Evenson, Kathleen Geralts, Michael Rauh, Linda Mack, Ralph Ward, Joanne Seeger, 
Barry Martin, Steve Smith -,DNR, Mike Bruch - DNR and Sharon Gayan - DNR. 

Chairman Fellows called the meeting to order at 7:08 p.m. He introduced the task force, . 
the Village Board, Rep. Mark Duff and Senator Margaret Farrow who were in 
attendance. 

SEWPRC PRESENTATION OF PRELIMINARY DRAFT 
Mike Hahn, Principal Engineer with SEWRPC, presented the preliminary plan. He 
advised that the plan is based on fully developed land use throughout the subwatershed 
and addresses 1) Water quality management, 2) Stormwater drainage and 3) Floodland 
management. The plan includes three storage components: 

• Dousman ditch 
• North Avenue and Lilly Road 
• Village Park 

The proposed overflow channel and underground box culvert system which nearly 
parallels the creek through the Village were discussed. 

Public Comment on Issues of Feasibilitv and Implementation of the Plan 
Joe Henika, 15375 Cascade Drive, spoke about the increase in the floodwater due to 
development. He felt that the plan would be effective in addressing flood concerns 
through detention. 

Dick Raney, 13455 Marquette Avenue, questioned whether assessed value of properties 
reflects fair market value before or after the 1998 flood. He suggested streamlining the 
creek and general clean up. He asked about implementation of the plan. Mr. Palmer 
noted the significant efforts by the DPW to keep the creek clear from debris. He then 
outlined the timetable for implementation including permitting/approvals: 9-24 plus 
months and engineering design: 24· plus months. Palmer noted that some plan elements 
have been implemented already. Representative Marc Duff noted thatthe state budget is 
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awaiting the Governor's signature. The budget proposes $18 million in flood abatement 
grants, which could provide up to $3.6 million per community. Additional grants may be 
available for the water quality components of the plan. Senator Farrow advocated a 
regional concept. Dennis Kaun, 1780 Wedgewood West, expressed frustration over the 
regulatory timetable. Mike Rauh, 840 Terrace Drive questioned the proposed cost split 
and runoff from future development. Mike Hahn explained the proposed cost allocation 
assigns full costs of the stormwater plan to the community in which the improvements are 
made. The flood control and water quality components are proposed to be split 60%. 
Elm Grove and 40% Brookfield. Hahn noted that the plan is based on a full development 
land use plan. The plan is designed to hold the line on waters leaving the subwatertshed. 

Peggy Raney asked about the berm and whether it could be relocated to protect homes on 
Legion Drive if it were on the east side of the creek. Mr. Hahn explained that there is no 
impact from the berm beyond a 2 year storm and that storm event does not produce 
flooding of structures. Dick Raney and Mike Rauh expressed frustration over increased 
asphalt areas at Dick Manhardt's and Becker Ritter funeral home. 

Mike Bruch ofDNR described the application review process that will be followed. Mr. 
Palmer noted that the taskforce considered a dredging/channelization proposal but felt 
that there was very low probability of regulatory approval. Additionally such a plan 
would have had adverse downstream impacts. 

Joanne Seeger, 13400 Elmhurst Parkway asked whether developers have to comply with 
the same DNR rules noting that Fleming Company easily obtained a permit to reconstruct 
the box culvert. Mr. Palmer noted the simplified permit process for maintenance work 
like the Fleming Company project. 

Mama Rauh, 840 Terrace Drive asked why it takes so long to get a permit to dredge. She 
noted that the meander of the creek slows down flow. Joe Henika cautioned against 
shifting the problem to Wauwatosa. Pat Ruttum asked about the characteristics of the 
overflow channel. She noted that the proposed detention areas are not permanently wet. 
Linda Mack asked whether trees would be removed and a degradation of the 
neighborhood aesthetics and spoke against the sewer bypass proposals. 

Taskforce Member John Schlosser responded that some trees would need to be removed 
for the overflow channel, but that the area would be open and without degrading the 
neighborhood. He described how the channel would convey waters above the ten year 
storm event and provide a level of protection for the neighborhood. The Village Manager 
reported details of the sewer bypass design. She noted that the pumps would discharge to 
a force main connected to the interceptor. An overflow valve at the connection of the 
force main to the interceptor would allow direct discharge into the creek for maximum 
dilution in the event that the interceptor is surcharged. Ms. Steen Crawford noted that no 
sewage would be pumped into open ditches. Mr. Campbell noted that a telemetry system 
is part of the plan for the sewer bypass pumps to monitor discharge levels. 

I 
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Barry Martin, 13450 Elmhurst Parkway, felt that the plan is a local solution, not a 
regional one. He asked how to quantify the results of the Village's efforts to date. Mr. 
Campbell noted MMSD gauges on the interceptor and the proposed telemetry for the 
bypass pumps. Campbell noted that a flow monitoring gauge could be installed in the 
creek at North Avenue to measure the flow into the Village. Mr. Palmer noted the work 
of Village staff with WEPCO and the Village's monitoring of electrical feeder outages. 
Mr. Hahn noted the integration of the plan with rest of the Menomonee River watershed 
including areas where MMSD has jurisdiction. 

Mr. Barrington asked whether the plan would give protection for the 1998 event. Mr. 
Hahn noted that the plan provides protection from a 100-year storm, not the 10" rainfall 
of the 1998 event which equated to a 350-year event. A question was asked if 
Brookfield's participation is needed for implementation. 

Dr. DeCarlo, 13955 Underwood River Pkwy asked why wetlands would be converted to 
a grass lined channel. Dick Raney asked what recourse a down stream community has 
from increased flows and can we shut down development upstream. Joanne Seeger urged 
pressure for a shortened regulatory review period. Palmer noted that our state elected 
officials will help to expedite the process and noted that DNR and MMSD have been 
involved in this planning process. Dick Reinders noted the 1970's flood control plan was 
voted down by the Elm Grove citizenry. He urged promotion of a new plan to the 
citizens of Elm Grove. 

Mr. Keyes and Mr. Schlosser moved and second to recommend the plan to the Village 
Board. The motion carried by unanimous vote. 

Respectfully submitted, 

Andrea Steen Crawford 
Village Manager 
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AppendixH 

WISCONSIN DEPARTMENT OF NATURAL RESOURCES REVIEW OF THE 
PRELIMINARY DRAFT PLAN AND REGIONAL PLANNING COMMISSION STAFF RESPONSE 

State of Wisconsin \ DEPARTMENT OF NATURAL RESOURCES 

- :-Li~! : ... 1.1-
WISCONSIN 

Southeast Regional Headquarters 
Tommy G. Thompson, Governor ~ 2300 N. Dr. ML King Drive, PO Box 12436 
Geo~ge E. Meyer, Secreta~ !l::J ~1wauke,1L.YVisconsin 53212-0436 
Gloria L. McCutcheon, Reglonall)l'tI1~or:s ~f1 I,~ U \V? ~ I'l'elephone 414-263-8500 

/t ~!~~"~,.Ii111 FAX 414-263-8606 DEPT. OF NATURAL RESOURCES 

tI n f Ii if II TOO 414-263-8713 
r~~ DEC 21i~jf 

December 20, 1999 

Ms. Andrea Steen Crawford, Manager 
Village of Elm Grove 
13600 Juneau Blvd. 
Elm Grove, VVI53122-0906 

p 

----_ File Ref: 3500 

Subject: Draft Stormwater and Flood Management Plan for Dousman Ditch and 
Underwood Creek Subwatersheds 

Dear Ms. Crawford: 

This letter provides the Department of Natural Resources' general response to the draft Stormwater and 
Flood Management Plan for the Dousman Ditch and Underwood Creek Subwatersheds (Plan) prepared 
by the Southeastern VVisconsin Regional Planning Commission (SE'WRPC). Thank you for allowing us 
the opportunity to comment on the Plan during this early phase of the process. 

Our comments are based on a preliminary review of the major concepts of the Plan and the alternative, 
"Limited Dousman Ditch Detention Storage. Underwood Creek Overflow Channel and Diversion. and 
Compensating Storage, with Structure Floodprooting and Removal" (Alternative I I). Due to the 
complexity and scope of the flooding and water quality issues addressed, evaluation of the details of the 
Plan is a significant undertaking. However, the Department did not evaluate the Plan on it's individual 
merit. Rather this preliminary review was conducted in the broader context of how this alternative will 
interact with other Watercourse Studies and Flood Control Plans in the Menomonee River VVatershed 
being carried out by the Milwaukee Metropolitan Sewerage District. Ultimately, our evaluation will 
require a significant investmen~ of time and resources. Our initial response is restricted-to the basic tenets 
of the Plan and the recommencfed alternative. Please consider the following comments prior to finalizing 
the selection of an alternative, contracting with an engineering or consulting firm or applying for permits. 

The recommended alternative involves no in-channel work on Underwood Creek and we commend the 
Village of Elm Grove for this environmentally sensitive approach. However, Alternative 11 relies on a 
project involving significant wetland disturbance. Clearly, the most extensive wetland impacts would be 
those associated with the overflow channel. Over half of the proposed 4, 100 foot channel would bisect 
shore land-wetlands along Underwood Creek. The systems-planning approach used to develop this 
alternative does not allow a precise estimate of the wetland disturbance associated with the overflow 
channel. Based on the channel dimensions reported in the Plan, the proposed excavated area for the new 
channel will disturb between 2.7 and 22 acres of wetlands. Even at the lowest end of this range, a 2.7 
acre wetland disturbance is significant. In addition, an even larger area of the wetlands is I ikely to be 
affected by indirect impacts associated with the construction of the overflow channel. 

The Plan indicates that the flood water storage function of wetlands will be enhanced, but it does not 
include any evaluation of how the overflow channel will impact the other vital functions performed by 
these wetlands. In addition to basic flood storage capacity, a thorough and comprehensive evaluation of 
the effects on all the other functional values of these wetlands will be required. Further consideration 
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must also be given to the project because a species included on the State's Natural Heritage List with a 
Special Concern status has been observed in the proposed project area. 

The Plan mentions, but does not provide a clear representation, the Alternatives Analysis that will be 
required under the Administrative Code Chapter NRI 03 Water Quality Standards for Wetlands. Chapter 
NR 103 requires that all projects meet a standard, which states that there are no practicable alternatives to 
avoiding impacts to wetlands. To meet this standard, project designs that can avoid/minimize wetland 
impacts must be presented and compared through an Alternatives Analysis procedure. The outcome of 
the process may not be the ideal project design desired by the applicant. However, the Chapter NR 103 
Alternatives Analysis process has been used to successfully protect the wetlands of the State of Wisconsin 
since it's inception in 1991. We have concluded that substantial information will be needed regarding 
the presented alternatives. 

All alternatives which can fulfill the basic project purpose of flood control while avoiding or minimizing 
wetland impacts will have to be explored in greater detail before this project moves forward. The 
Southeastern Wisconsin Regional Planning Commission may want to expand the Plan to include an 
analysis for the Chapter NRl 03 process. The Department can only consider permitting wetland impacts if 
the "no practicable alternatives" test is met. If wetland impacts cannot be avoided, the project design 
must be evaluated with the goal of minimizing these impacts. Again, this is considered only after all 
alternatives and project minimization is exhausted. If no practicable alternative for this project exists but 
it is determined that the project would result in a significant adverse impact to wetlands, the Department 
will be unable to authorize or issue permits for the project. 

Many of the activities associated with the implementation of the Plan will potentially require Chapter 30 
Waterway and Wetland Permits. Wetland impacts not covered under Chapter 30 may require permitting 
b;-, the U.S. Army Corns of Engineers. The federal permits issued by the U.S. Army Corps of Engineers 
are not valid until the State grants Water Quality Certification under authority embodied in Section 401 of 
the Federal Clean Water Act. In summary, the Chapter NRI03 Alternatives Analysis will be required for 
all jurisdictional wetlands impacted by proposed construction activities, whether the Department's 
authority arises from Chapter 30 or the Section 401 Water Quality Certification process. 

Chapter 30 Permits will likely I;>e required for grading in excess of 10,000 square feet (on the unbroken 
slope), outfall structures, culverts, ponds and the overflow channel depending upon the final design and 
proximity to navigable waters.·· The Chapter 30 application for the overflow channel, culverts, ponds, and 
outfall structures will require a hydraulic and hydrologic analysis, sediment analyses, erosion control 
plans and spoils management plans. The overflow channel as it is currently proposed will require an 
Environmental Assessment and a thirty-day public notice and comment period. Any phase of the project 
causing a disturbance of 5 acres or more will also require a Chapter NR216 Construction Site Erosion 
Control Permit. 

At present, the Plan does not adequately address the issue of the hydraulic and hydrologic effects the 
overflow channel may have in downstream areas. The potential effects at the confluence of the overflow 
channel and Underwood Creek are of particular concern. The hydraulic and hydrologic effects of the 
recommended alternative will have to be demonstrated to comply with all requirements contained in 
Chapter NRl16 (Wisconsin's Floodplain Management Program) before any permits can be issued. 
During the course of our review we noted that the continuous simulation hydrologic model for the 
recommended alternative had been revised to simulate the period of stream flow from 1940 to 1997, 
while the model, as applied to the other ten alternatives included streamflows through 1988. The 
Department will seek assurance that this difference in the modeling does not impair the validity of 
comparisons between the eleven alternatives addressed by the Plan. 



The Plan was developed within a specific framework to meet the planning needs of the Village of Elm 
Grove and the City of Brookfield. Within the Implementation section of the Plan, SEWRPC suggests 
that an important first step is to seek the Department's endorsement of the Plan. As previously discussed, 
this letter serves to provide our comments during this preliminary phase of the project. These comments 
do not constitute an endorsement of the plan, but rather provide a framework within which future Water 
Regulation and Zoning permitting decisions can be assessed. 

The Stormwater and Flood Management Planfor the Dousman Ditch and Underwood Creek 
Subwatersheds (draft) provides a foundation for refining, evaluating and ultimately selecting an 
alternative. The elements of ail eleven alternatives provide an excellent basis for developing a direction 
for the future to mitigate flooding problems in this area. We believe the plan should be used as an 
informational and analytical tool to develop a practical approach that mitigates flooding and minimizes 
the adverse environmental impacts to wetlands. 

Clearly, the permitting requiremel).ts for a project of this magnitude are extensive, the Department is 
prepared to assist the Village throughout the application and review process regardless of the final project 
design. The public has the opportunity to comment on the design during the permitting process. 

The Department will continue to work closely with the Village of Elm Grove and SEWRPC to achieve 
the most beneficial outcome in developing a practical direction for the Underwood Creek Subwatershed. 
We would like to schedule a meeting with you during the last week in January to discuss the next steps in 
this process. Karen Van Atta will contact you to arrange a meeting time and place. The Department is 
committed to working with the Village of Elm Grove in partnership to address the flood control concerns 
on Underwood Creek on an accelerated basis. 

If you have any other questions or concerns please feel free to contact me at (414) 263-8707. 

Sincerely, 

".r "/ \~'''i, \ ""[ , •. ~ 
IJiI\'\lVI l. "-r~LNy\ 

Sharon L. GayalJ/ 
Milwaukee River J31asin W-aterLeader 

c. Charles Krohn, Southeast Region Water Team Leader 
Gloria McCutcheon, Southeast Regional Director 
Greg Pilarski, Southeast Fox River Basin Team Leader 
MMSD, Kevin Shafer 
SEWRPC, Phil Evenson 
WDNRJ Will Wawrzyn, Mike Bruch, Greg Breese 
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SOUTHEASTERN WISCONSIN REGIONAL PLANNlNG COMMISSION 
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Ms. Sharon L. Gayan 
Milwaukee River Basin Water Leader 
Southeast Region Water Program 
Wisconsin Department of Natural 
Resources, Southeast Region 
2300 N. Dr. Martin Luther King, Jf. Drive 
P.O. Box 12436 
Milwaukee, WI 53212-0436 

Dear Ms. Gayan: 

FAX (262) 547-1103 

Serving the Counties of: KE NOSH A 

MILWAUKEE 

OZAUKEE 

January 5, 2000 

UACINE 

WALWORTH 

WASHING10N 

WAUKESHA 

We are writing in response to your December 20, 1999, letter to Ms. Andrea Steen Crawford, Elm 
Grove Village Manager, in which you provided Department comments on the August 1999 preliminary 
draft of SEWRPC Community Assistance Planning Report No. 236, A Stormwater and Floodland 
Management Plan for the Dousman Ditch and Underwood Creek Subwatersheds in the City of Brookfield 
and the Village of Elm Grove, Waukesha County, Wisconsin. We appreciate the efforts of you and your 
staff in reviewing the plan. 

Your review was primarily directed toward a portion of the recommended floodland management 
plan element; however, as you are aware, the plan also recommends comprehensive solutions to 
stormwater management problems throughout the study area and includes other floodland management 
components in the City of Brookfield. You note that your review was conducted in the broader context of 
the watercourse system plan that the Milwaukee Metropolitan Sewerage District (MMSD) is preparing 
for the Menomonee River watershed, but, with the exception of your comment regarding potential 
downstream impacts of plan implementation, none of your comments relates to issues connected with the 
MMSD watercourse system plan. We coordinated our planning efforts with those of the MMSD. 
However, the recommended floodland management plan is designed to be independent of the MMSD 
plan in that the facilities needed to ensure that flood flows and stages would not increase along 
Underwood Creek downstream of the Village of Elm Grove are provided in Brookfield and Elm Grove. 
Thus, the recommended plan may be implemented independently of any projects recommended under the 
MMSDplan. 

The main emphasis of your comments is on the potential impacts to wetlands of implementing the 
recommended floodland management plan element. You note that the Department will need to expend 
significant time and resources in the future as the project is reviewed under the permitting process relative 
to either Chapter 30 of the Wisconsin Statutes or Section 401 of the Federal Clean Water Act, and that 
State water quality certification will be required for activities injurisdicttonal wetlands under Chapter 
NR 103 of the Wisconsin Administrative Code. The plan report specifically recognizes those regulatory 
issues and instructs the City and the Village to seek legal counsel prior to proceeding with any activities 
that may require permits. 



Ms. Sharon L. Gayan 
January 5, 2000 
Page 2 

You suggest that the Commission may want to include practicable alternatives analyses for use in 
the Chapter NR 103 process. The report presents a comprehensive analysis of stormwater and floodland 
management alternatives which consider potential wetland impacts in the evaluation process. In the past 
when wetland alternatives analyses have been provided at the system planning stage, the Department has 
deferred consideration of the wetland aspects of projects until the permitting phase which generally 
coincides with the detailed project design process. Thus, we believe that expanded Chapter NR 103 
alternatives analyses would be most effectively conducted under the detailed design and implementation 
phases of the project. 

We are puzzled by your comment that "the plan does not adequately address the issue of the 
hydraulic and hydrologic effects the overflow channel may have in downstream areas." Those effects are 
specifically quantified in the preliminary draft report. The "Recommended Floodland Management Plan" 
section of Chapter VI includes quantification of the reductions in the 100-year recurrence interval flood 
stage that would be anticipated in the Village of Elm Grove and the City of Brookfield due to 
implementation of the recommended plan. It also states that the provision of floodwater storage in 
Brookfield and Elm Grove "would avoid 100-year flood flow and stage increases in the City of 
Wauwatosa downstream of the Village of Elm Grove." To further clarify the issue regarding downstream 
flows and stages, that statement will be expanded in the final report to recognize that there would be no 
increase in downstream flood flows or stages during floods with recurrence intervals ranging from two 
through 100 years. A comparison of 100-year flood flows under existing and recommended conditions is 
set forth in Table VI-6 of the draft report. That comparison, which is based on flood quantiles developed 
from simulation of streamflow for the period from 1940 through 1997, clearly demonstrates that flood 
flows along the entire length of Underwood Creek would remain the same, or be reduced, under 
recommended plan conditions. 

We agree with your statement that "the hydrologic and hydraulic effects of the recommended 
alternative will have to be demonstrated to comply with all requirements contained in Chapter NR 116 
(Wisconsin's Floodplain Management Program)." Such compliance was a guiding standard that was 
conscientiously applied throughout the planning process and the recommended plan meets that standard. 
In order to formally recognize the application of that standard, Table III-I of the report will be revised to 
include a standard under Objective No. 1 that states: 

"Plan components shall be designed to comply with the requirements of Chapter NR 116 of the 
Wisconsin Administrative Code." 

You note that the recommended floodland management plan was analyzed using flood quantiles 
developed from simulation of streamflow for the period from 1940 through 1997, while flows used for 
development of the other floodland management alternatives were based on a simulation period from 
1940 through 1988. The 100-year flood flows determined from simulation of the longer period of record 
changed by less than 10 percent relative to those using the period from 1940 through 1988. In the reaches 
of potential significant flood damage, the difference in peak flows was only between 5 and 6 percent. The 
relatively small changes in flood flows due to application of the two periods of record have no significant 
effect on the comparison of alternative floodland management plans, since very similar hydrologic and 
hydraulic conditions were used to evaluate all alternatives. 
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Ms. Sharon L. Gayan 
January 5, 2000 
Page 3 

Your letter expresses concern about potential hydraulic and hydrologic effects at the confluence of 
the overflow channel and Underwood Creek. In the absence of further explanation of what effects may be 
of concern, we cannot respond to this comment. 

When the various component projects of the recommended plan are scheduled for implementation 
and the communities begin the permitting process, we will be pleased to provide the Department the 
hydrologic and hydraulic models developed under the plan. 

Thank you for your efforts in assisting with the preparation of the plan, in reviewing the 
preliminary draft plan report, and in offering your assistance and cooperation in implementing solutions 
to the significant flooding and stormwater management problems identified under the plan. We appreciate 
the opportunity to participate in the coordination meeting that the Department plans to schedule near the 
end of January 2000. 

PCE/MGH/pk 
#9524 VI - UCDDDNRREVIEWRESPONSE 

cc: Ms. Andrea Steen Crawford, Village of Elm Grove 
Mr. Dean R. Marquardt, City of Brookfield 
Mr. Thomas M. Grisa, City of Brookfield 

Sincerely, 

Philip C. Evenson 
Executive Director 

Ms. Susan L. Baldwin, Milwaukee County Department of Parks, Recreation and Culture 
Mr. Kevin L. Shafer, MMSD 
Mr. Michael F. Campbell, Ruekert & Mielke, Inc. 
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EVALUATION OF DOWNSTREAM EFFECTS OF PLAN 
IMPLEMENTATION AS REQUESTED BY THE CITY OF WAUWATOSA 

COpy 

SOUTHEASTERN WISCONSIN REGIONAL PLANN&ING COMMISSION 
916 N. EAST AVENUE· P.O. BOX 1607 • WAUKESHA. WISCONSIN 53187-1607. TELEPHONE (262) 547-672.1 

Mr. Charles Annao 
Director of Public Works 
Village of Elm Grove 
Village Hall 
13600 Juneau Boulevard 
Elm Grove, WI 53122-0906 

Dear Mr. Annao: 

FAX. . (262) 547-1103 

Serving the Counties of: K~N05HA 

December 22, 1999 

M1LW·AU"KH 

OZAU~EE 

RACINE 

WALWORTH 

WASHING'!0;N" 

WAUKESHA,'," 

Weare writing to provide an evaluation of issues related to the potential downstream effects of 
implementing the recommended plan set forth in the August 1999 preliminary draft of SEWRPC Com
munity Assistance Planning Report No. 236 (CAPR No. 236), A Stormwater And Floodland Management 
Plan for the Dousman Ditch and Underwood Creek Subwatersheds in the City Of Brookfield and the 
Village of Elm Grove. This evaluation was requested at an October 11, 1999 intergovernmental meeting 
attended by you; Mr. S. Howard Young, the Administrator ofthe City of Wauwatosa Engineering and 
Operations Department; Mr. Michael F. Campbell, ofRuekert & Mielke, Inc., the Village engineer; and 
Mr. Michael G. Hahn, of the Commission staff. It is our understanding that Mr. Young will consider 
pursuing endorsement of the plan by the Wauwatosa City Council and that the Village will provide this 
evaluation to him in support of that endorsement. 

The hydrologic modeling conducted for the floodland management element of the study indicates 
that the provision of additional floodwater storage volume as called for under the recommended floodland 
management plan would limit the two- through 100-year flood flows and stages to existing levels in the 
City of Wauwatosa. Extrapolation beyond the 100 year recurrence interval is somewhat speculative, since 
flood recurrence intervals were estimated based on simulation of a 58-year period of record. However, if 
such an extrapolation is made, the modeling results also show that for floods with recurrence intervals up 
to, and including, 500 years, flood flows and stages would not be expected to increase in areas of poten
tial structure flooding in the City of Wauwatosa. 

During the October meeting, Mr. Young inquired about the impact on the City of Wauwatosa of a 
hypothetical very large storm which would be spatially limited to the 1.9-square-mile portion of the 
Underwood Creek subwatershed downstream of the recommended floodwater storage areas. The area 
downstream of the floodwater storage sites represents only about 20 percent of the total area in the City of 
Brookfield and the Village of Elm Grove that is tributary to Underwood Creek at the Milwaukee
Waukesha County line. Even if an extreme event such as the August 6, 1998 storm, which produced peak 
rainfall amounts in the Underwood Creek subwatershed that were two to three times the lOO-year amount, 
were to occur over the 1.9-square-mile downstream area in Elm Grove, it would not be expected to result 
in peak flood flows, volumes, and stages in Wauwatosa that exceed the 100-year peak flow under existing 
conditions. That conclusion is based on the following factors: 

1) Because the land cover in the 1.9-square-mile area is similar to that of the watershed as a 
whole, the tributary area over which the heavy rain would fall is about one-fifth of the 
subwatershed area, and the volume of rainfall would be only two to three times the 100-year 
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Mr. Charles Armao 
December 22, 1999 
Page 2 

storm volume for the same duration, the total volume of runoff from the extreme storm would 
be less than the volume of runoff from a 100-year storm occurring over the entire 
subwatershed. 

2) Most of the runoff from the subject area would be conveyed to the existing Underwood Creek 
stream channel, rather than the recommended double box culvert; thus, available floodplain 
storage volume would be utilized to reduce peak flood flows. 

3) Simulation of historical flood flows indicates that, during large, rainfall-generated floods, peak 
flows occur at about the same time in Underwood Creek at the Milwaukee-Waukesha County 
line and in the South Branch of Underwood Creek, which joins Underwood Creek just east of 
the County line. If the heavy rainfall were concentrated in the area tributary to the lower reach 
of Underwood Creek in the Village of Elm Grove, it would be expected that the peak flow 
would occur at an earlier time than it would for storms occurring over the entire area tributary 
to the Creek at the County line. Thus, it would be expected that the individual flood peaks 
from Underwood Creek and the South Branch would be more offset in time and the resultant 
combined peak in the City of Wauwatosa would be lower than if significant runoff were 
occurring throughout the Underwood Creek subwatershed upstream of the County line. 

The stormwater and floodland managem&.t plan has been reviewed by the Milwaukee Metropolitan 
Sewerage District and it is our understanding that the District concurs with the conclusion that 
implementation of the recommended plan would not be expected to increase flood flows and stages 
downstream of the Village dfElm Grove. 

It should also be noted that the detailed design of facilities in the City of Brookfield and the Village 
of Elm Grove will also apply the objective of the system plan that there should be no increases in 
downstream flows or stages. This should ensure that the project will not negatively impact flooding in the 
City of Wauwatosa. 

In light of the above, we reiterate our conclusion that implementation of the preliminary 
recommended stormwater and floodland management plan would not increase downstream flood flows 
and stages along Underwood Creek or the Menomonee River in the City of Wauwatosa over a range of 
floods with recurrence intervals up to, and beyond 100 years. 

Should you have any questions or comments regarding this issue, please contact Mr. Hahn directly. 

PCE/MGHlmlh 
cc: Mr. S. Howard Young, City of Wauwatosa 

Mr. Michael F. Campbell, Ruekert & Mielke, Inc. 
Mr. Michael J. Bruch, Jr., WDNR-Southeast Region 
Mr. Kevin Shafer, MMSD 

#7376 vI ucdddscvallctdoc 

Sincerely, 

Philip C. Evenson 
Executive Director 



Appendix J 

ELM GROVE VILLAGE BOARD RESOLUTION OF ADOPTION 

VILLAGE OF ELM GROVE 
RESOLUTION #000313 

ADOPTING THE PRELIMINARY DRAFT 
SOUTHEASTERN WISCONSIN REGIONAL PLANNING COMMISSION 

COMMUNITY ASSISTANCE PLANNING REPORT NO. 236 
FOR THE DOUSMAN DITCH AND UNDERWOOD CREEK SUBWATERSHED 

IN THE CITY OF BROOKFIELD AND THE VILLAGE OF ELM GROVE 
WAUKESHA COUNTY, WISCONSIN 

WHEREAS, the Village of Elm Grove seeks to adopt a set of objectives and 
supporting standards to guide the development of an effective stormwater and 
flood land management system; and 

WHEREAS,stormwater and floodland management Is best accomplished on a 
watershed and subwatershed basis instead of along strict municipal boundaries; 
and 

WH EREAS, the City of Brookfield and the Village of Elm Grove appointed a Joint 
Taskforce to study flooding and stormwater management wIthin the Underwood 
Creek and Dousman Ditch watersheds; and 

WHEREAS, the Village of Elm Grove is required by Wisconsin Administrative 
Code NR 216 to obtain a stormwater discharge permit which Is condItioned upon 
the adoption of a stormwater management plan; and 

WHEREAS, the adoption of the Stormwater and Floodland Management Plan will 
qualify the Village to apply for grant funding for proJeots consistent wIth the plan; 
and 

WHEREAS, adoption of the Stormwater and Floodland Management Plan does 
not In any way obligate the Village to fund all or any of the individual 
improvements proposed in the plan; and 

WHEREAS. it is acknowledged that the Stormwater and Floodland Management 
Plan is a preliminary draft format and therefore subject to change and 
modifications; and 

WHEREAS, suggestions for additional plan modifications have already been 
made by the Village of Elm Grove representatives to the Underwood Creek 
Taskforce which are ourrently being analyzed by SEWRPC; and 
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WHEREAS, the Village of Elm Grove representatives to the Underwood Creek 
Taskforce have unanimously and enthusiastically recommended adoption of the 
preliminary plan as presented; and 

NOW THEREFORE BE IT RESOLVED by the Board of Trustees of the Village of 
Elm Grove that the Southeastern Wisconsin Regional Planning Commission 
Community Assistance Planning Report No. 236 be formally adopted as the 
preUmlnary draft, Stormwater and Floodland Management Plan for the Dousman 
Ditch and Underwood Creek Subwatersheds in the City of Brookfield and the 
Village of Elm Grove, 

Adopted this __ day of Maroh. 2000. 

VILLAGE OF ELM GROVE 
ELM GROVE. WISCONSIN James W, Nortman, Village President 

Mary S. Strednl, Village Clerk 



AppendixK 

ESTABLISHMENT OF A STORMWATER UTILITY 

The purpose of a storm water utility is to administer a stormwater management program; to fund the capital costs 
of upgrading existing stormwater management system where necessary; to fund the local portion of the public 
sector capital cost for stormwater management facilities in areas of new development; and to fund operation and 
maintenance costs of all facilities for which the public sector is responsible. Section 66.076 of the State of 
Wisconsin Statutes was amended in December of 1997 to give municipalities the power to impose "service 
charges for a stormwater and surface water sewerage system." A stormwater utility could be used to impose such 
charges. Prior to establishment of a utility, it is recommended that a storm water management system plan be in 
place to identify storm water management priorities and to provide the framework for administration of an 
effective stormwater management program. 

The main source of revenues to the utility would be user charges for properties within the geographic boundaries 
of the utility. Such user charges provide an equitable and dependable means of financing a storm water 
management program. The utility could be structured along the lines of an urban drainage district, with its 
boundaries extending across civil divisions, giving the utility authority over all storm water management facilities 
in a subwatershed. Administration of a utility including parts of several civil divisions would require considerable 
coordination between local units of government and the utility to avoid conflicts between the functions of the 
utility and the historic functions of the local governments. For a given year, funding requirements for upgrading 
and maintenance of the existing stormwater management system would be determined based on the capital project 
prioritization developed for the storm water management system plan along with anticipated annual system 
maintenance costs. Annual funding for new developments could be covered by fees charged to developers to 
cover the cost of specific new stormwater management facilities, or the developer could be required to design and 
pay for stormwater management facilities as a condition of plat approval. If a new development were to contribute 
runoff to an existing or planned centralized detention facility which would also serve other new or existing 
development, the developer of the new subdivision would also be required to pay a fee to the utility commen
surate with the runoff contribution of the new subdivision to the detention facility. Where such centralized 
detention faci lities are located to receive runoff from several existing or proposed properties, it may be necessary 
for the utility to issue bonds to finance the construction of the facility and then recover the portion of the cost 
attributable to new development, including operation and maintenance and debt service, through fees charged to 
developers. Following construction of the stormwater management system for a new development, the occupants 
of the development would be charged an annual user fee as for all other existing development. 

The most equitable means of establishing the proportional user charge for a given property is to base the charge 
on the amount of uncontrolled runoff from the property. In areas of the country where stormwater utilities have 
been established, the most common indicator of runoff contributed is the percentage of impervious area of a given 
parcel of land. Although other factors, such as land slope, would also affect the rate of runoff, the amount of 
impervious area is the main factor in determining the volume of runoff. Various methods of classifying properties 
according to percent impervious area have been utilized, including the use of land zoning classes and the 
application of typical imperviousness ratios by land use based on measurements made from aerial photos or in the 
field. The main criterion in selecting a method for establishing the proportional user charge is to maintain 
equitability without making the method overly cumbersome and costly for the utility to apply. Methods using 
readily available information such as zoning classifications meet that criterion reasonably well. 
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To further standardize the rate classifications, some utilities establish a base residential rate, expressed as one 
equivalent service unit (ESU), or one equivalent residential unit (ERU). , Nonresidential properties or higher
density residential properties are then charged a multiple of ESUs based on their greater overall area and higher 
proportion of impervious area. 

Once the proportional rate structure has been established, the monthly charge for each property classification, or 
the charge per ESU, must be established by balancing the annual stormwater management needs for capital and 
maintenance expenditures against the inclination and ability of the affected property owners to pay. Experience 
has shown that an extensive public information program explaining the need for storm water management and the 
advantages of a stormwater utility is essential to the success of a utility. This is especially important for a 
stormwater utility because the need for proper stormwater management facilities, which function only during 
periods of runoff from rainfall or snowmelt, is less apparent to users than the need for sanitary sewer and water 
services, which are used daily. Accordingly, it has been found that most users will accept a storm water utility 
charge of from one-half to one-third the charge for sanitary sewer and water services.2 

""-~; 

It has been found that the establishment of the administrative framework for a stormwater uti lity, alo))'g with the 
development of public acceptance of such a utility, can take several years. It may be desirable to initially set 
modest goals of funding annual operation and maintenance, along with the highest priority capital projects, and 
deferring other capital projects until the effectiveness of the stormwater management utility has been 
demonstrated to the public. Once the utility is established, it may be possible to issue revenue bonds supported by 
the proceeds from user charges.3 The proceeds from those bonds could then be used to finance needed capital 
projects. 

The main advantages of the establishment of a stormwater utility for administration and financing of stormwater 
management projects are that the application of user fees would distribute the costs of the projects equitably 
among those receiving services; collection of fees from developers and users would establish a dependable 
revenue source to meet stormwater management needs; and establishment of utility district boundaries across civil 
divisions would enable control of stormwater management facilities on a systemwide basis, consistent with a 
stormwater management plan. 

The main disadvantages of the establishment of a stormwater utility for both administration and financing are that 
administration of a stormwater management program through a stormwater utility may duplicate an existing 
administrative and review function already performed satisfactorily by local staff and commissiopc:; the time 
required to establish the utility could delay implementation of the stormwatcr management plan; while the 
establishment of utility district boundaries across civil divisions enables systemwide control of storm water 
management facilities by the utility, such extension of control may be resisted by local units of government; and 
tax exempt properties may resist the imposition of stormwater fees. 

, Hector J. eyre, "Developing a Storm water Management Utility, "APWA Reporter, March 1987 

2Ibid. 

3American Public Works Association, Urban Storm water Management Repo~ 
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Appendix L 

FLOOD HAZARD MITIGATION FUNDING SOURCES 

As noted in Chapter VII of this report, there are several options available to the City of Brookfield and the Village 
of Elm Grove for financing a local floodland management program. The identification of potential funding 
sources, including sources other than solely local-level sources, is an integral part of the implementation of a 
successful plan. The following description of funding sources includes those that appear to be potentially 
applicable as of early in the year 2000. However, funding programs and opportunities are constantly changing. 
Accordingly, the involved local staff have and will continue to become familiar with the potential funding sources 
and programs that may be utilized as such sources and programs become available. It is intended that this list 
facilitate the implementation of the recommended floodland management activities set forth in this report. Some 
of the programs described herein may not be available under all envisioned conditions to the City and Village or 
to their residents and/or property owners for a variety of reasons, including, for example, eligibility requirements 
or lack of funds at a given time in Federal and/or State budgets. Nonetheless, the list of sources and programs 
should provide a starting point for identifying possible funding sources for implementing the flood mitigation plan 
recommended in this report. 

FEDERAL EMERGENCY MANAGEMENT AGENCY PROGRAMS 

The Federal Emergency Management Agency (FEMA) funds the Hazard Mitigation Grant, Flood Mitigation 
Assistance, and Public Assistance Programs. In the State of Wisconsin the programs are administered through the 
Wisconsin Department of Military Affairs, Division of Emergency Management. The Community Rating System 
is a FEMA program directed towards improving management of flood lands. These programs are described below. 

Hazard Mitigation Grant Program 
The Hazard Mitigation Grant Program (HMGP) can provide up to 75 percent of the costs attendant to the 
floodproofing or acquisition and relocation of flood-prone properties, or to the elevation of structures in 
compliance with National Flood Insurance Program (NFIP) standards. Under the HMGP, the balance of the costs 
is shared by the State of Wisconsin (12.5 percent) and the grantee (12.5 percent). Communities in Wisconsin can 
apply through the State for HMGP funds only after a Presidential disaster declaration is issued for the area 
involved. HMGP funds must be applied for within 60 days of the declaration. The State, as HMGP grantee, is 
responsible for identifying and prioritizing projects. Eligible projects must be included as part of the grantee's 
flood mitigation plan and must meet cost-benefit criteria established by FEMA. Although State and local units of 
government are eligible applicants, HMGP funds can be provided to individuals for eligible projects. The HMGP 
gives priority to properties identified by FEMA as repetitive-loss properties. 

Flood Mitigation Assistance Program 
The Flood Mitigation Assistance (FMA) program can potentially provide up to 75 percent of the costs attendant to 
the acquisition, relocation, elevation, or floodproofing of structures insured under the NFIP. In addition to 
participating in the NFIP, eligible program applicants must meet cost-benefit criteria established by FEMA. The 
City of Brookfield and Village of Elm Grove are eligible to apply for flood mitigation funding under the FMA 
program, but under recent indications, it appears that the amount of funding available under this program has been 
relatively small. 

Public Assistance Program 
FEMA's Public Assistance Program can provide some limited assistance with respect to structure elevation and 
relocation. For example, if entire portions of a community were to be relocated outside of a floodplain, this 
program can assist in rebuilding the necessary infrastructure in the new location. Funding under this program is 
provided for repair of infrastructure damaged during a flood that results in a Presidential disaster declaration. If a 
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community determines that a badly damaged facility is not to be repaired, the estimated damage amount may be 
used to fund hazard mitigation measures. 

Community Rating System 
Discounts may be obtained on Federal flood insurance premiums depending on community activities relative to 
public information, mapping and regulations, flood damage reduction, and flood preparedness. 

U.S. ARMY CORPS OF ENGINEERS 

The following Corps of Engineers programs are potential sources of funding for implementing the floodland 
management recommendations of this plan; however, the plan components may not meet Corps economic 
feasibility criteria. 

• Section 22-Water resources planning assistance-50 percent Federal, 50 percent local cost share 

• Section 205-Small flood control projects-Maximum $5 million per project. 75 percent Federal, 25 
percent local cost share 

• Section 208-Clearing debris and sediment from channels for flood prevention-Maximum $500,000 
per project. 75 percent Federal, 25 percent local cost share 

• Section 14-Emergency stream bank and shoreline protection-Maximum $500,000 per project. 75 
percent Federal, 25 percent local cost share 

U.S. DEPARTMENT OF HOUSING AND URBAN DEVELOPMENT 
COMMUNITY DEVELOPMENT BLOCK GRANT PROGRAM 

Under the Community Development Block Grant (CDBG) program, funded by the U.S. Department of Housing 
and Urban Development, funds are provided to areas for which a Presidential disaster declaration has been issued. 
Funds obtained under this program may be used to address long-term needs as well as emergency response 
activities. In Waukesha County, CDBG grants are provided by the Federal government to the County. 

U.S. SMALL BUSINESS ADMINISTRATION PROGRAMS 

The U.S. Small Business Administration (SBA) provides disaster loans to homeowners and businesses to repair or 
replace property damaged in a declared disaster. SBA loans are granted only for uninsured losses. Loans may be 
used to meet required building codes, such as the NFIP requirements. SBA may also provide loans for involuntary 
relocations out of special flood hazard areas when such locations are required by local officials. While SBA's 
enabling legislation generally prohibits the agency from making disaster loans for voluntary relocations, there are 
exceptions that can be made, including relocations of homeowners, renters, and business owners out of a special 
flood hazard area. These loans would be limited to the amount necessary to repair or replace the damage at the 
disaster site. SBA loans may also be used to refinance existing mortgages. 

WISCONSIN DEPARTMENT OF NATURAL RESOURCES PROGRAMS 

The Wisconsin Department of Natural Resources (WDNR) operates two programs that may serve as potential 
funding sources for the City and Vi Ilage flood land management efforts. These programs are described below. 

Stewardship Grant Program 
The administrative rules for the State of Wisconsin Stewardship Grant Program are set forth in Chapters NR 50 
and 51 of the Wisconsin Administrative Code. The WDNR's Urban Green Space (UGS) program which is a 
component of the Stewardship Grant Program provides 50 percent matching grants to cities, villages, towns, 
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counties, public inland lake protection and rehabilitation di,stricts, and qualified nonprofit conservation 
organizations for the acquisition ofland. The intent of the program is to provide natural open space within or near 
urban areas and protect scenic or ecological features. The City and Village are eligible to apply for grants under 
the UGS program. Funding for streambank protection projects may also be available through the Stewardship 
program. 

Urban Rivers Grants Program 
The WDNR's Urban Rivers Grants Program (URGP) provides 50 percent matching grants to municipalities to 
acquire land, or rights to land, on or adjacent to rivers that flow through urban areas, in order to preserve or 
restore urban rivers or riverfronts for the purposes of economic revitalization and the encouragement of outdoor 
recreational activities. The City and Village are eligible to apply for grants under the URGP. 
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